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A ST LTl

DMEM
DMF
DMSO
EPR
ESR
HA
HPLC
ICso
PBS
PDT
PEG
PHPMA
PP
PPED
ROS
SDS
SMA
THF
TLC
ZnPP

ZnPPED

LRy At A — 7 VR Dulbecco's modified Eagle medium
N,N-Y AF VRNV LT I K N,N-dimethylformamide
TAFIVANIRF TR dimethylsulfoxide

enhanced permeability and retention

B AL 3N electron spin resonance

b7 /ba Uf#E  hyaluronic acid

IR v~ 272 7 4— high performance liquid chromatography
PEHERE  50% inhibitory concentration

U > lgkRE PRI /K  phosphate-buffered saline

KR 15 1E photodynamic therapy

RYxTF L7 Y a—)b poly(ethylene glycol)
poly(N-(2-hydroxypropyl)methacrylamide)

7'v hAR/L7 4 U 21X protoporphyrin IX
bis(ethylenediamino)protoporphyrin

IEPEFEEFE  reactive oxygen species

K7 Biilg 7 N U 7 A sodium dodecylsulfate
poly(styrene-co-maleic acid)

7 hZt Rm~7Z tetrahydrofuran

g7 v~ N2/ 77 ¢ — thin layer chromatography

figh 7 1 hAV 7 ¢ U 2 zine protoporphyrin

zinc bis(ethylenediamino)protoporphyrin



A H OB AIRHRTIX, SMBHROIRIE, (WFRE, BETRIRIED =S DOFER FE
TBIRIE & 725 TN D, FUA KN A o T SEIRIEIC L DT FRIED IR TH 5,
3 A DHEATHNIAMBHOHRE (D) 2SBIRO TR & 72 203, 1R, SER HBLAE R $2 A,
SEfm A BAY & LT, AR I FRE D i S 1 D,

PR AKIOVEHEFIZ. DNA ARbLE . Mld & B0E . AR &2
7o %o LS AFNZ, 25 ARk U TR W HIRME EME 2 R~ 2 L 30 bt b — I T,
IEFMRIZ LT hEEERmnd 720, HBEEIZHIRARITONTND HDNRELN, 1E
A ~OAEREWER ZIZ 572D, DSAMEA~OfRmMEZL M E S 5807
DI, FLS AKIOFFERIEC T3 EOBFSIZ I ER T E T2,

[T 08 AR O T BE AR5 FE-S\ /= enhanced permeability and retention (EPR) %)
REZFH L TRAICKHT 2T E BT 5720098 . S AMIE~OfamH %
M ESELRADOEHSDTH D, IEFMMRIZI T 2 IS NEMIORBRIX S nm 2L T
ThH7D, MHPICES SN+t nm ORE SOGFHDW0IET TFEEERIL. €0
MAENEZAEFRZ@BET 5 Z LT TE R0, UL, BAMBRIZIS T 2 Mg P EGH
JaDOREBRIEF L Z 200-300 nm TH Y, mvA R A XOYWE TH - THIE NG
JaffBl 2 i U TR AN~ AT 2 ENTE D, 2D X9 RBIGIZE SN T
+om LL EORESIOTBAKNEZFIHTHZ L2 WIS AMREBET 5
ZEMAREIC 72 B [1-6],

7. 23 AURHRRRIRAITE F & 5 2 DIRIKIEIZ, #7195 i (photodynamic
therapy, PDT) 35, £ DA T =A LiE, HHEEHIC, FFEREOENEE D
Z & T, OBHEAIN B EIR B b —HIERRE~ i S v D, £ LT, HEAZEIZ K
D —EHIREE 2D, o FIRBRICZXNVF -2 52 2R EEREIZRES, 20k
XZRNFX =% G2 5N IREEFE A ROS L7825, 20 ROS B3, M AMRRICHEE
G252 ET, BAEREZ LTS [7-10],
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Figure 1. Schematic drawing of enhanced permeability and retention effect and photodynamic

therapy

PDT [ZEH~DET XL F—DN MBI L HERTH Y . IEFHE~DZ A —
URIEFNCDIRNE NS ATy ERBHD[11-15], £z, HEIOALTIEARL, BV
LFERMAATRE TH 5, TN TITIY Br< 2 & BSHREE 2B BT b2 2 L 23 Al6E
Thy, MREANTHD, SHIT, @mmE RN 72  FIPBERBRIERZ T b
BRWEEICHLEMAT 22 ENTE LD, DBRETIEZ + M7 U Uik b LT 48
RF R ICIEBSEALIZ 630 nm D =F v X A L—F—Z W4T 5 LT, RS
JORIEME R, RAEMERIIEE, 2SI T 1996 FITR AT ST
W5, —HEEBEEN MRS b2 RY T E2EE LML EE T L 5bh

\%E[-

TWb, L, 74 h 7000 W7 ¢ Ui, DA KRT 2 BmIRERM RV 2
L.k BBICOM LI K o TAE L D BMBBUE S & 7> TV B,

AHFFETIX EPR 2R & PDT Z#AE0HE5H 2 & T, EFMASE~OF A — UM
W2 LBz D, BIRNRBAREZ B L TR 21T-o 72,



F2E RFLU-VLAVEaRT— S B BN TORRIL I (1) (SMA-ZnPP)D I EL &
BHRAA—DY

N
-
Ig
o

e 7 AR T 4 ) (ZnPP) IE, 4 SO — AL SNDERLT 4 ) v
BRI, 4DDAFNIHE 200 =V 2 ODOIIVRF I FIVENEE LT 8
KARLT 4 U IX (PP) 12, HESAMENL LiofbFAEdE 2 4A L T\ 5 (Figure 2) , ZnPP
DHES N RITHIRT D ZOOEEBISERT 260 THLLEEXA LN TND, £D 1
SHIEZ, ~AFF S —E-1(HO-1) OFRETH 5, HO-1 1%, [z % < 3
BT HBETHY, AL FEZH S TWD, EOSROBRIZBWNT, —
WAk 3% (CO) = biliverdin Z PE/E$ %, CO < biliverdin 1%, FUERLNRCH T A b —
VAR AR L, MIRRAEFR S & U CHEET D [16-21], £ D72 ZnPP 7% HO-1 %
PLFET 2 Z &2 & b CO = biliverdin DPEA Z 4N L, MIIZERE A b L AEFIZ X
D MIRAE 2 5559 5 [22-27], PP ICEL T 24 )8 1% HO-1 BREMEHNCRC B L, &
J&~ U —® PP X° Fe-PP, Cu-PP, Ni-PP, Co-PP 72 ¥'|Z HO-1 [ E/EH % 7~ & 97, Zn-PP,
Sn-PP, Mg-PP O A% HO-1 BAEMEMAZRTZ EnNmon5 [28], 2 DHIX, ZnPP
FEHEA & LT < s CTdh D, ZnPP 2R 400-700 nm @ AIHAEI O & B35
&L IEEREE O~ TH 5 —HEIEREFE (0) B3%EAET D, ZnPP O '0, AR TIEIX
VT 4V R OFTHRIZE WO, ZnPP [MEN - EHEEAIE B 2 5D,
RFEWRARNT 4 ) U REY & & INEEZRT, ZnPP (0.91), PP (0.56), 7 12U > e6
(0.64), 7+ b7V > (0.89) [29], 'O IESUSHEMNE <, M T DNA L H
YR IRESOBbESIEEI L, MiaEEEHEL,

EFED X 51T, ZnPP X HO-1 OHE I X ONEHEER DL A LT, =il
EEEZ TS, KB TH Y . 50 in vivo IZB W TIEBEERIEOK S 277778,
30, ZNETIZ, AEDFTHLRIZFL 7Y a—L(PEG R & FrF



v7mu e AXT 7 UNT 2 K(PHPMA) & ZnPP 245 A L 7= PEG-ZnPP <°
PHPMA-ZnPP Tld, @WEBEEMMELZ RT 226N L T0D, LaL,
PEG-ZnPP 13 &L Y PHPMA-ZnPP [3HIIEAN ~DEL Y IAZ LMK < . ZnPP 12 L 2 Hifa
EVETH IR SN T e o 72 [31-34],
AFETIL, PEGX° PHPMA [ZfRA T, ZnPPIZ=F L o7 I UEHAEAL
(ZnPPED), AF L -~ LA Ua Ry v — & HARES S8 7- SMA-ZnPP (Figure 2)

AR L KM D ONIIG~DOERMEZ U 5 2 & 24K L7 [35],

4 COOH

COOH

ZnPP ZnPPED

SMA-ZnPP
Figure 2. Chemical structures of zinc protoporphyrin (ZnPP), zinc bis(ethylenediamino)
protoporphyrin (ZnPPED) and poly(styrene-co-maleic acid)-conjugated zinc protoporphyrin

(SMA-ZnPP).



2.2 REMHBIUEERAE

EERM #

7a hELVT 4 U v IX(PP) BL AT L o-lk~ LA VERILE AR (SMA) (OF
B)orf-8 7,000 X3 7 ~T7 N KU FHEAEHH L7-, 3-(4,5-Dimethyl-2-thiazolyl-
2,5-diphenyl-2H-tetrazolium bromide (MTT) 3 X OVKEEME A VAR A X R (WSC) IE[FM=
B BIEA LT, Z OMMOREIL, FOCHIZEO Rk D 5V TS A A L, Hil
THZ M MER L,

Bis(ethylenediamino)protoporphyrin(PPED)D & B
7'v hARL7 4 U 2 IX(PP) 100 mg (0.178 mmol) #7 ~ 7 & RKr 7 Z > (THF)20
ICANIRE S ST, NEWEFBE LN L, 100FELVYED N =F L7
0245 mL, 7 ra¥ErFIL0.34 mL ZERP - < 0 L3 F L, KIEHT 20 57[H
FOGSHETz, SRR LTS BIZ 10 pHOs S, A (C, 150 mm, 7 K32
T v ) ERWTAiE%, 50 °C ORBEHF T AR L —F —Z/ LT, THF LRI
DY mraX@BTFVEREE L, THF #F 020 mL MAEMR LIk, =F Lo U7
¥ 24 mL I, HICEVINA, 15 oIS ST, BUSK T#IE, 40 °C T, B
—Z ) —x /KL —%—T THF Z¥EL, HENTHT, REOZREKEINZ TR
S, REIGOZF L VT I 2 oBE LTz, BB K0 8B EkRIk® PPED %
57
3 B A7 PPED I L HPLC Z3#ric it U 7z, 43 Hr o1& Asahipak GF-310 (N4 7.5%300
mm, BBFRET) OB 7 AT, BEHIL 10ppm b U 7 AA 0 FREH Y A F L ALK
X RQ@)AL =N (DIREHR. WHFRFR] 15 57, Fit#i3 0.8 mL/min, BB RIE 415
nm T %, PPED Tid, WHIFFH 12 73BT 5 PP OB —7 3{HK L, /il 5.1
FZE—7 BNEINnT-,

TLC (BB 7 aa iR L/ A% 7 —=9/1(v/v). >V 14 /L 60F,54. MERCK)



T RAEDHERR AT 2720 PP D RAEIZ 0. 7 v 11 e F /L TIEMAL L 72 T& AL PP

RAEIX 0.9, PPED @ RAEIX 0, AT TH ST,

Zinc bis(ethylenediamino)protoporphyrin(ZnPPED)D & &

PPED 100 mg(0.154 mmol) % ¥ A F/L A& F 2 K (DMSO) 100 mL (ZIAfE S,
PPED @ 10 fFE/NDOFFRHEEZINA T, ~ 7T AT 4 v 7 AZ =T THRELARDH
60 °C T2 RFH s S W 7o, ROGIRIR & il & TWAI L TL 10 EE B DO H 7884 7K (DMSO

(3 L) 22T 4,000 g T5 oM OmBEL., REZBRET DI & TRESOEE
Wedigh A bR Lz,

Poly(styrene-co-maleic acid)-conjugated zinc protoporphyrin M & X

Poly (styrene-co-maleic anhydride) (SMA) 100 mg (Z ZnPPED 20 mg (0.028 mmol)
DMF 10 mL (Z{&fi# S72, #i\ T, ZnPPED @ 10 (5 E/AHE D R U =F LT I vk
WSC Z iz, HE T T 60 °C T 24 Bfil#ifE Lz, RUSK T, RUSEIRIZ 10 f5 &
VTN —T NV EMA TERDZER ST, Lo, 61T, Kk~ LA Uk
BANMAKDIRET D722 02 M KEET U U LK 40 mL IZHfFE S, 60 °C T 24
BpHHEFE L7z, RSO ZnPPED UV RS 72OIC, FAAs@r n< b7 77 4 —
(Sephadex G-50 Fine column) Z HIWVTHBE L., S 512, ZABKTEN L& ICHAS
L7,

EERAOOATNT S5 T4—
UV-2075 UV/AI{EF HER 2555 L@k 7 v~ 77 7 LC-2000Plus series
(HAS ) 26 Uiz, B 7 A121E Asahipak GF-310 HQ (N£% 7.5%x300 mm, AEFnE 1) |

BEIFEICIE DMF 265 L. #diE 0.5 mL/min, #HEEI1Z 415 0m T{T-o 77,

HMFESIVE—FELDRIE



SMA-ZnPP % 2 mg/mL (272 % & 9512, VU U EEFRTENR (pH 7.4) |2 VAR S, L% 0.45
pum®»D 7 4L H—"TAHIl LT, 1557z AR 2 B e BOELAR AT 24 & ELS-Z22 (K& 1)
WCHEL . R FRRB IO — 2 EN 2 HIE LT,

HADAIEE

SMA-ZnPP % DMSO & %M U U EERETHE (pH 7.4) 23R L. L0 YL ERT
F-4500 (H St A 7 7 A = A) Ml H U CRIE I E 420 nm, @6 R 550-700 nm
DENART MVERE LT, S 512, SMA-ZnPP A#RIZ, Tween 20 GReA&IREE : 0.2,
0.5, 1v/Iv%) & D WFIRFE URA&IE : 5, 7. 9IM) . L F & (&L £ 0.1, 0.2, 0.5

mg/mL) iR G L. [FERICHIE AT FAZflliE Lz,

TR E MO FTHE
HeLa i@ (& N =8N AMALD) 2 10% 7 VIRV ME (=F LA A FH A =
R) T TEE Ny At A — 7 VG (DMEM, FOEHIEE) T 37 °C. 5% CO, D5
TR L7z, 96 well 7L — h (2—=17")(Z HeLa flfz % 3,000 cells/well & 725
INICHERE L7, 24 WRHIGE L7212, $72 HIRE O SMA-ZnPP Wik & — E R &R
L7z SMA-ZnPP ¥IKUNN 24 WEfE#212, %K 7 —F 4 b (R 420 nm, 11.1 W/m®)
Zfifi o T 15 SRDEIRE 2170, & BIC 24 BRI 2607 7=, 4 well (2 0.5 mg/mL
LD LI MTT A& T 3 WEfRGE Lo, A2 FRE, DMSO 100 u L #Nx
T~ aFERRSEiz, ~f7a 7 L— ) —F—%4H LT, & 570 nm
(BT DWOEE A RE LT,

SMA-ZnPP D {AR 7 #i8IE

WEEHENE ddY ~ 7 A (KT 35-40 g) LIRS AL OFFENT, 2x10° cells D~
¥ AN R S-180 e A Bz TR L 72, I ETICTE AR S M7 BEGAE DS 10 mm DR & &
Ik L=~ 7 A2, SMA-ZnPP (15 mg-ZnPP/kg) % BFIRK 5- L 72, &% 5- 24 FEE# .

7



SEMEMAFIC L 0 B U, B K CREN L7 ST EOas 2 Lz, Bo L
7R X, 100 mg 24V 1 mL @ DMSO %z Iz CTHERE L. 12,000 g T 10 5[5 05y Bife
(25 °C) L7z, 15 b7z RiF O OsRE 2 JE (i I & 420 nm, #O6EE 590 nm)

L. IBEsNED 2 ER LTz, ~ U ADOEHRWIL, S KFEIMERGHEZES DO A
R A AZHE- TEHE L 7=,

AVERERAA—DUY
JEGHE NS &€ 10 mm ORE SITHR L2 A~ 7 A (S-180) (2, SMA-ZnPP
(15 mg-ZnPP/kg) Z JBffillkh> &35 Uiz, 1@ 4 22 K[ A% C IVIS Lumina XR (Caliper

Life Science) ¥EE A L C. wA A —2 0 7 (FhEEE 430 + 15 nm, #GEEE
695—770 nm) Z1T > 7=,



2.3 EERER

SMA-ZnPP ()& &4

AWFSECTlE, Figure 2 (279 XK 912, PPED ~DHEENDEMNL, 72 5 NI ZnPPED
DT X FEEI LT SMA O AVR U IRITBKMES STz, RN ATRBILA S K
JVRHIEIZ LV PPED OB — 27 i £13 405 nm 705 4225 nm (27 F L, Q /3 KD
B aomb 201 LizZ & LY, ZnPPED NEKRTEZ LR LTz, &6

W EHRIR s a~ N 7T 7 4 —Z T, ZnPPED O '— 7 O E L T SMA-ZnPP

DE—7 OHBLZ MR LT,
> ‘ (A)
13.9 min f
1
£ 1
=
o M
< \
§ >
<
e B
§ 6.2 min (B)
e
<

v

Retention time (min)
Figure 3. Typical chromatograms of ZnPPED (A) and SMA-ZnPP (B)
SMA-ZnPP conjugate was analyzed by high performance size exclusion chromatography.
Column: Asahipak GF-310 HQ (i.d. 7.5 x 300 mm), mobile phase: DMF, flow rate: 0.5

mL/min, detection: absorbance at 415 nm.

TFMREI O~ NT 57 4—IZXV o Li=& 2 A, ZnPPED O v — 7 |3 FfIF

M 13.9 /3 i2@ig2 Sz (Figure 3 A). —7J7. SMA-ZnPP OB — 27 %, mEIic kD



3T EOH R Z K U CilERfE ZnPPED L 0 & MREFRER] 6.2 431238 H L 7= (Figure 3
B), ¥£72. SMA-ZnPP ® (2% ZnPPED @ t'— 7 |3 &9, REUGD ZnPPED 7)»
b RAFICBES LTV e, SMA-ZnPP DA RUNER 1T 55% Tdo o 7o, WOLEERIE 2 F v
7= ZnPP MR EARD> B FH L 72 SMA-ZnPP H10 ZnPP & &1d 15 wt% CTd - 7=, £72.PBS

(2% LT 20 mg/mL LA EDPREECTEHME L. SMA-ZnPP [V KM Z R L2,

IKBERPIZE TS SMA-ZnPP D HIF1F

B ERELIE 2 IV C L KA TR 0 SMA-ZnPP DR 2 HIE Lz & Z A, ¥y
BI85 74.3 £ 33.2 nm TH o 7= (Figure 4), F7o. KEETIZE T 5 SMA 7213
SMA-ZnPP DX —Z B2 HE L7 & Z A, SMA 25-50.0 mV (ZxF LT, SMA-ZnPP
13-32.4mV £ 720 SMA-ZnPP X SMA L0 &/hNSRAEABEBMOELZ R LT, 2D &

DB SMA D 1 L7R % Hs ZnPPED & OFESICHIH S TWD Z LRI S L7,

20

15 -~

104

Volume distribution (%)

1 10 100 1000 10000

Particle size (nm)

Figure 4. Particle size of SMA-ZnPP conjugate in PBS.
Hydrodynamic particle size of SMA-ZnPP conjugate was measured by dynamic light

scattering, showing a mean particle size of 74.3 nm.

10



SMA-ZnPP & St454E

I BGELIEIC K > TEIE STz SMA-ZnPP OREERICEE T 2 F WA 15 5720,
SEIEREFMHTTD ZoPP HERDEN AT M ZHIE L2, DMSO 1 ToD
SMA-ZnPP DE AT "V & T % & A 7 2 K CowotIEEEs L7z (Figure
5A), RV7 40t - n HEERICERSWCHERNER D A o T EERE AT
LZENMOENTND, T LT, A7 4 U UITHgn/e &EDO@EEA AL 2 &R
VT 4 ) DEANIZELT D LRV T 4 ) UM O - FHEEERIZREND
ZERHRESNTWD AV T 4 D BBOBETORIEALORENRKRE 8D L,
WNVT 4 ) CHO - AR END E B BN TWS[36,37], L7zhi-> T,
AHEIAIEZ SMA-ZnPP ZIRfiEd 5 & ZnPP Ny ERIRRE & 722 B iaxt LT, KA+
Tl ZnPP D x—x FHEVEAS° SMA-ZnPP 73 - O BRIV BE/ER 2 L2 L0 |
SMA-ZnPP 73 1 DEEERZ TR L TWAH 7O TIERWhEE X b7,

% 2T, SMA-ZnPP /KEHEIZ S HTE A Tween 20 Z 1A THIE AT L OH
ExATRolz, T2&, WILT Tween 20 DIRFEKTFIIIC SMA-ZnPP H KD H D
[EERBIEE STz, ZAUE, Tween 20 DATEALAEIIC LV . ZoPP 3BikEE S 72 2
LIk bbb B BN (Figure 5B), & b2, MO > THDH LV F U %
fif > CTRBEDME 21772 > 7= (Figure 5 C), Tween 20 DA LR LT L HiC, Ly TF v
BRI L2856 T ORREIKAT LTz, SMA-ZnPP OE O KB BER S, — .
KFEREA 2T D IEA 2 FF O IRFBE ORI T O RITBE STz, Lz
85T, SMA-ZnPP BEIRTERICHE T 2 KBGO TE T NI Vb D LEZ BT

(Figure 5 D),

11
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(B)
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===~ Tween 20 0.2%
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""""""" Tween 20 1%
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550 600 650 700
Wavelength (nm)

Figure 5. Fluorescence spectra of SMA-ZnPP conjugate under various conditions.
Fluorescence intensity of SMA-ZnPP in distilled water was smaller than that in DMSO
(A). SMA-ZnPP (0.01 mg/mL) was dissolved in PBS, and its fluorescence intensity in the

presence of Tween 20 (B), urea (C) and lecithin (D) were measured. (Continued)
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©)

— Lecithin 0 mg/mL
-~~~ Lecithin 0.1 mg/mL

....... Lecithin 0.2 mg/mL

""""""" Lecithin 0.5 mg/mL

Arbitrary fluorescence intensity

550 600 650 700

Wavelength (nm)
(D)
—— UreaOM
---- Urea5M
------- Urea7M
............. Urea9 M

Arbitrary fluorescence intensity

550 600 650 700
Wavelength (nm)

Figure 5. Fluorescence spectra of SMA-ZnPP conjugate under various conditions.

SMA-ZnPP DIl E

3 AAIIEIZ RS % SMA-ZnPP DA ENE 23l 25 72012, HeLa #ifid 2 v
T SMA-ZnPP & ZnPP OFGHIARN R 2 el L7z, F7z, 58V % ZnPP ICHST$ 5 Z
SN —EEMRERAET DT LD JERENT X % SMA-ZnPP O E DR
647> 7= (Figure 6) .

SMA-ZnPP D F&HMA0R Bl LI R AFAIICEEFR L. ZnPP M &H#A L 72 1Cs 2559 33

13



ug-ZnPP/mL Th-o72, —J5. ZnPP ® ICso (T 5 ug/mL TH-7=D T, SMA-ZnPP
D ICso DFI 6 43D 1 1ZAAYS L, ZnPP D578 SMA-ZnPP L V) bW FlaEEME 2R L
7co F72. SMA-ZnPP HHZITHISTT5 & . SMA-ZnPP @ 1Cso 13549 12 1 g-ZnPP/mL

L0 o A RIS O5E O 3 FITH R LT,

100 1 Py

Z1PP
g0 .i , —— SMA-ZnPP alone
] § - @~ SMA-ZnPP+light
Zed o
= g
= 4+ “
CH RN
= K
20 L S
0 . . . —
0 10 20 30 40 50
Concentration (pg-ZnPP/mL)

Figure 6. In vitro cytotoxicity of SMA-ZnPP conjugate with or without light irradiation in
HeLa cells.

HeLa cells seeded on a 96 well plate at 3,000 cells per well. At 24 h later, HeLa cells
were treated with SMA-ZnPP or ZnPP. After another 24 h, HeLa cells were treated with or
without light irradiation (blue fluorescent light 420 nm, 1.0 J/cm®), which were incubated for
48 h. Cell viability was determined by MTT assay. Data were mean + standard error (n =

3).

SMA-ZnPP DEMENRELHIAA—D LT

S-180 13 A~ 7 A DR kA5 SMA-ZnPP % #5- L | IVIS Lumina-XR ¥ & % fili
S THEIEA A=V ZHEIZ X D SMA-ZnPP OIRNEHRE 2 A IBIE L7z, 8 5-2 I
M 12, SMA-ZnPP H KD MRS ERALICERE L T D 2 & 3R X7z (Figure 7

14



A, 5T, FEH LSS SMA-ZnPP ZHIH L, SEELRE LT & 2 A,
. PR vk < v vER B NS TR S 4L, SMA-ZnPP DMEBEA~ERB L TS 2 b

D3R < 417= (Figure 7 B) .

(A)

Epi-flucrescence

25

20

Radiant Efficiency
¢ secfcm? sr)
W fem?

Color Scale
Min = 7.88e7
Max = 2,57e8

Figure 7. In vivo tumor imaging (A) and body distribution of SMA-ZnPP conjugate (B) after
1.v. injection in tumor-bearing mice.

SMA-ZnPP (15 mg-ZnPP/kg) was injected into S-180 tumor bearing mice. (A) At
indicated times, fluorescence images were taken by an IVIS Lumina-XR. (B) At 24 h later,
mice were dissected, which each organ was collected. SMA-ZnPP was extracted from one
organ, and was quantified by fluorescence spectrometer. Excitation wavelength: 420 nm.

Data were mean + standard deviation (n = 3). (Continued)
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(B)

Relative fluorescence intensity

. ©
TS ST TS

Q\‘b%& & ¥ & & VoV
Figure 7. In vivo tumor imaging (A) and body distribution of SMA-ZnPP conjugate (B) after

1.v. injection in tumor-bearing mice.

2.4 EF &

JEG~OEEEEZ @O EZHNE LT, ZF LTI VEENTHT IR
fa a2 &0 SMA T ZnPP %z A& S H 72 SMA-ZnPP & fiHd L7z,

IKEEHE D SMA-ZnPP D A7 | LT ZnPP HSR D IRV GBI ZE S L7
o722 LB, SMA-ZnPP [ THEHEERZTER L TV L DO TRV e EX bz, £D
IKEEHRIZ Tween 20 ZUINT % &8 Tldd 573 SMA-ZnPP O YEIXRIE L7z, Lo
L. REOWHITIEENE L7zhr o7z, L7235 T, SMA-ZnPP OEEHERDOERIL, 7K
FAEGOFEIT/NE < BUKMEM EAEAS ZnPP ¥ O n - M AAVER 72 SIS0 T
Wb D EHEE STz, — 07 AR TIiX. SMA-ZnPP 3 3R T 5 2 L7 <
BAFZ L7720, ZnPP HORDBWEOE BB Shic b D E B X BT,

MBI D ER S T D Lo F U ZIRINT 5 & Z DIREEARFRIIC SMA-ZnPP D

FeBREEITHE R U2, T AuE. AERNIC SMA-ZnPP O 5 2 85E L7454 . SMA-ZnPP
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DOREERIT, AR ORI CTHAEE L, SMA-ZnPP 3 TN BAFIZHB L T DH Z L %
TRRTLRERTH T, TDOTD, SMA-ZnPP [T Z AT 5 &, —EHEKREDL
FAELRLT <, HO-1 HEER - L0 BVRBAADREEOND Z BT
7,

ZnPP & SMA OIEHAFREIREME NS & in vitro TITHIEAN~DELY JAS
FIE <, BOMREEERSG O, Lo, invivo IZBWTIE, i HEdix s
<\ EBEA~OPEZE R ERTR O B LR o 7226, 38,39], ZnPP & SMA OIEHLAAREE
RAWAEMPIZHEET D E, SMA & ZnPP OEMERIIR S ICHEE L=/, ZnPP
DEWIEBERMMIEEZ S Z LIXTE o Tn B2 b, AEIR LIRS
SMA-ZnPP (%, EPR ZNRIT L 0 BIRAYITIEG ~ 2 S, O, i, B e & OIER
s & 0 b @EmWESERMME A ZER TE b D LB 2 b [26],

UL Z & X0 @ma bz Da &S+
DIEFEBIEZUET L 2 N TE L, A% TG RORGEHC—EHgRE DFE AL
1R E R BGES 2 FEREATIOLERH D,

ZSMA ZMH\W5H Z &2 KD ZnPP
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F£3E E7I/ILOVEBEASRTEHRTONRILIA) U (HA-ZnPP)DIRARE A fEE SR

w
-
Ig
o

ET AR VEBIE N-TEFAT VAt vl VT a A A & LT
WLUEHHETH D, b7 vm Ui, ARRICEEITFEL, £ O/ K L HEAEE
WNEIRD . BE~ TS ORI FREEHO & 7 v n CRNFET 5, BlUKMER
FOKFEICIEFICE A, Zo@E 1%, RIGPEEORAK, BEIEN, REG, 23
ADIRTE - EBIZE D F THIRIChZ 5,

DAKIIICIE, DAZREL bFRESND e T bn VIS RERREBLL T 5, B
Z ¥ CD44 ° RHAMM, LYVE-1 72 U, D AZHIRBAFAET S [40-43],

R AKIRROBTECRE, BB £, DADEREICBNT, 7T va VSR
KaiLice 7 CBEOMBANOR Y IAZNEEREE ZH S THDERH LN
TW5, [44-46] 2D, MIMGEMEORVNEMZ 7w VBICHESGSE, b7
N USRI LD | BRI AUMIRICER D IAEE S 2 LT ZERAIC A
AEETLOILNTELLERAOND, FEE 7 vu e, VAT TF 08 F
P URDNT Y Z XV LOFNAANELFES EIENE I T, BDAMIEIZKTT 5%
FIZBT 25 FFI N < Do ST 5 [47-501,

ABETHH Lz 7w VRS 7 2 ARV~ U (HA-ZnPP, Figure
8) X, B 7 /ha UERIZ ZnPP ZfEA SHDH Z L2 LV, ZnPP OKIEMED N E L w1
b7 b D ThH D, EHIT, EPRFICE Y EGICEMSE, BSAMIBRmIZHE
BLTWDEe T r UBZREREZN L CREBIPICAAMBIZERYIAEND Z & 2R
M L7z, & Z T, HA-ZnPP OB AIREEIRZ RO 5720, HA-ZnPP 23 G ICHERI L
TeDOBIT, SR ZATVIETERR SR T 5 — EHEEER AT X D HUEE S R OMG 217

-7 [51],
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Figure 8. Chemical structure of HA-ZnPP conjugate

3.2 REBEMHBIUEERAE

SSERM A

5 TREREENE ddY ~ 7 A E, UBIREASHECIEA L, e AR LT 4 ) L IX (PP
b7 n=2—% &, ¥I~YT AR v TFHENRBEALLL, T FRT T
(THF), NV xZF LTIy, ZuvugXRB=F/iL, =FL 2TV 7 Iy, ZraRlbA,
VAFILANEF T R(DMSO), A ¥/ —/b, NN-VAFI)LHE/LELT I K (DMF) .
4-(4,6-Dimethoxy-1,3,5-triazin-2-yl)-4-methyl-morpholinium chlorid (DMT-MM) | FER i ¢ |
2,4,6-Trinitrobenzenesulfonic acid sodium salt dehydrate (TNBS) . DMEM ({2 /L 22— X)) |
RPMI 1640, <=2V G-A L7 h~A T (x100), 0.25% trypsin-EDTA, & 7 /L
7 Wk (CER 58 100,000) 1%, A CRUEAISERL A L 72,

Z DAt > 3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyl-2 H-tetrazoliumbromide (MTT) |
2-(4-Iodophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2 H-tetrazolium, monosodium salt
(WST-D IZFUALZE BEEA LTz, b 7o Uitk FERk S G418 3,000)
BEO MRC AU Y v 74 FERGEHE CF2 -8 30,000) 2> BEEA L7Z b O 248
M LT,
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Zinc protoporphyrin(ZnPP)D &

PP 500 mg % DMSO 200 mL {258 RI T fif S 7c, HEfgugn 15¢ 2Nz, 70°C
T2 BFIOG S 2, F|RICE L, MU 74 o FEEE 400 uL 2z 5 Z & T, PP
DT uEF CBRICHG LI 2 Rz, £ 0%, mZ&EK 500 mL THeid L., 0 °C,
4,000 g T5 R OLIBEZITV, B E LR Sz, 2 OB%E - oBEERIEZ 25
VIR L%, BSERT A2 LIcky, BEAHKD ZnPP 2157,

ZnPPED M &Rk

ZnPP 100 mg % THF 20 mL (JIRBIAR S E72, €0k, FU=F L7 I 025
mL &7 m ¥R /0034mL 3 F LN, 30 2K E TGS Ez, K
JEZIL, THF, N =F AT IV RGO 7 v a ¥R F L EREET H729H12,60 C
DI T, TR —F =TT, 55 T721EMA ZoPP (23 THF 212 To4a
(PR SH T2, T, JEME(E ZoPP 2= F L U7 2 025 mL HUSH F LR 5
DoV LA, HFR L, =IE T, 30 miOe STz, HO, =R L— % —T THF
EREEL, B UL 2 0 LT 2R BK T, DR EE BTV, oz
TLRE) 2 B O LT AR D ZnPPED 24572,

HA-ZnPP D& Rk

HA 100 mg (#4453 +& 3,000) & DMT-MM 180 mg % DMSO 10 mL [ZAfiR &+,
X B2, BNCERME STy iz ZnPPED 8 mg & DMSO 2 mL DRk % HA OIRIRICH T
L2l BMA, H|IET 4 FEBER LR OGS 70, KIS%IT, JOSRE®IZ 10
RO ) —/)L & Ilx, HA-ZnPP Z L S &% Z & T, REUG D ZnPPED X° HA %
BELT-, X602, KBNS T, I L Cv b HA-ZnPP (20 &0 DMSO %%,
BisseE, =% ) — LV THME LTz, &%, =% /) —/VDH T HA-ZnPP Z A1k

WL, 7V r—F2—TCils¥i,
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TI/EDEE

DMSO |2 fi# S 72 HA-ZnPP (0.5 mg/mL) & % \ & ZnPPED (0.05 mg/mL) 4% 10 uL
(ZX LT, 0.1 M AT~ U U LR EHRL (pH 9.8) 10 pL, TNBS (0.5 mg/mL) 10 pL,
DMSO 70 pL 1z 37 °C C 2 R A S8 IR 420 nm (2361 2 WO EE 2 HE LT,
THL-T 7= afio THREMREZER L RERIENOREHT T X ESFE2H
L7z,

ERBEAIOTNTZT4—

ZnPPED 35 XY HA-ZnPP O3B HTIXIR DG TIT 72, A2 7 PV-2080 (H
ARGy | KSR UV-2075 (A A%y %) . 7 L Asahipak GF-310 HQ (PN£% 7.5%x300 mm) .
Bk 415 nm, BEME : 10ppm M U 7 LA cfElk 4 & T DMSO (3)/ 4 % / — /L (7)

~

IREWE, Wil : 0.8 mL/min OFAF T CHEML7-, 7 rn=%—iZL%5 HA-ZnPP

=%

SEFEERIT. 0.15 M KCl & & T HERERR T ik (pH 5.4) (¥ S H7- (10 mg/mL) & 77 /L 1
=X —Bik % . HA-ZnPP %K (10 mg/mL) & RS L 37 °C THUE LRRRFHIICIR AR
B2 EEL L C. Prominence HPLC 'V — X (EEEERT) CHAT 21T o 7o, SRIFIE.
7 2 : OHpak SB-804HQ (IN£% 8.0x300 nm) , B #E)FH : 0.1 M U U EekREK, Jiiik : 0.5

mL/min @ F T3 L 7=,

ALFEDBIE
HA-ZnPP % PBS (Z¥Af# S (0.5 mg/mL) . 15 672K % L% 0.45 um O /L =
—ZAEE W LT, HEHE 1 cm OAEEVICREHAK 2B LA, B EEBELEE

ELS-Z2 (KIF&ET) 2 TR F 2 2 llE L7z,

Electron spin resonance(ESR)M AITE
HA-ZnPP % %\ % ZnPP % DMF, PBS, 1% SDS. L F U ICifiisE7-, '0,

OFfPEAl & LT, 2,2,6,6,-Tetramethyl-4-piperidone % &R 20 mM 12725 L ) 12
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Mz 7=, F& /2T 7 (400-700 nm) THEHERE (50 W/m?) 21TV, BB, ARk L

72 TEMPD % & A £° L dLiE4E1E JES-FA100 (A AE ) THlE L7,

e

HeLa #ifid (B b5 SR M) O (213 DMEM (K 7L 21— X)) #5 4l 4 |
S-180 (= 7 A A JIEAHAE) (2 1% RPMI (Roswell Park Memorial Institute) 1640 551 % %12
FUBEH L7z, BFHNTIE 10% D iR RimiE s K OMAEME (= U » G-A ML 7 b~
A ) EMA, 37°C, 5% CO, DEMETHFE L=, £72. 0.05% EDTA-trypsin % f# /]

LTz RIEE L. kR E1T - 72,

HHRE R~ D ERY 3A A 0 5

HeLa fifi % 24 well plate |2 2x10° cells/well DML FE CTHEFE L, 24 By L
720 ZnPP F7-1% HA-ZnPP (&R FE 10 pg-ZnPP/mL) Z B IR U 7=, 38 24 72 BERE
[HIfR CREFFRYICES I 2 FR & . PBS C 2 [HIWEH L7212, 1% SDS THllld Zfifd#E L. Mifa
NOFEY Z [ L7z, [EI L 7 AR AR A 60 W C 20 B0, BE I ALER U7, HHAa
fifi% % DMSO TH#ifR L, HA-ZnPP % 721 ZnPP B3k D 62 JIE L= Bl & 420
nm, #HHEE 500-700 nm), T OIERK 72 HA-ZnPP 35 X OY ZnPP O &R % W,
HOLIREE ) B R 2R L7-, £72. BCA protein assay kit % AT & > 37 B
ZRE LTz, MERIERDTZ D OFERES L X7 I IjET VT 2 a2 vz,
HA ZLEE U 72 ML 1L, S5y -5 100,000 0 HA GRA&TEE 1 mg/mL) 2N L T2 B

G L. [ARRICHERIEZTT - 7,

TR = 14 0 5T
HeLa 3 5\ M S-180 #ifid 2 96 well plate @ 1 well & 729 3,000 cells #&FE L 7=, 24
B[ s 2% U7=, HA-ZnPP £ 721X ZnPP 21 2 CTHsZE L, 24 B L1488 FEfj#IcF &

> I 7 (50 Wim?) % 5 A3 IRES L7, 48 BE[E1%. WST-1 & 5\ MTT 334 %
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T ERFRELEE U, WOEEERIE 21T > 72 ; WST-1 Tl 4 FefliiB#8 L721% . I K 420 nm
DY Z MTT Tl 3 REffREEE U722 & 570 nm OWROLE 2 2 HllE L7,
72720, MTT ALER L 7= ffasalebid, MTT 23N L7285 &2 BrE . 100 pL @ DMSO
ZMZTCHRN~Y U AFELRBE LD IR EZRE L, &7 /ln =X —P e
L 72 HA-ZnPP iXEHZE, 0.15 M KCl # & 0.1 M HERRFEMEL (pH 5.4) 12X LT, &7
br =4 —¥ (3 mg/mL) & EiE S B HA-ZnPP Z ¥ 7)> L (HA-ZnPP R 3
mg/mL), 37°C Tt 7 /la=4—1t & HA-ZnPP % 3 BfiSUG S® 72, IS T 4.

HEARL T, MBI Lz,

BENATIZDIER

S-180 A (1 X107 cells) % 6 FEMHENE ddY ~ 7 A DIEIERNICEERE L, 10 HIZ CHE
PENBEAR AT o 1o MEENRRER L 72 S-180 Al & A1 L | AE B A3k CHUmIvES L7,
Z D%, 5 EEENE ddY ~ 7 A DOFERIZ, 1X10° cells F FHERE L, S-180 3 A~ 7
AEAER LTz, ~ U ADEFE B XOFERIT, SR B T BB E (9 > T E N
L7z,

or

LN RE

JESEAEAY 10 mm RIEORE S TH D, A~ Y A2, HA-ZnPP, ZnPP 15
mg-ZnPP/kg Z itk L 0 &5 LTz, W5 24 36 L0048 KffEli21T, SHHEMLFIIC X
DR LT, AEANKE AV TELENLEREZIT T, fERHZITV., IRz
HL72%. &% 100 mg (2% L C DMSO 0.9 mL # /%, € VT A ¥ — % Hv Tl
1T o72, HHVT, 15,000 rpm (MR EEHT 3,000 rpm) T 15 4 filiE L BEE 1T - 72,
‘Bonic BB L, THF THR L7z, SO AX7 MR RIET 2 2 & (ki

£ 420 nm. 2R 500-700 nm) (2 L Y fggsH O HA-ZnPP ¥ 7213 ZnPP # F & L 7=,
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MBS R O i

JEIGORE 3K 5 mm DRE SR Lo~ 7 A12%F LT HA-ZnPP & % VM3
ZnPP OFe 5% B4 L7-, HA-ZnPP 35 KX OV ZnPP 581X, 15 mg-ZnPP/kg TH V|
AT, %5 24 BX OV 48 BEll#LIZ, k& T 7 MAX-303 (J% & 400-700 nm)
Aflo T, 20 mW/em®, 5 oyBDERRS Uiz, —HEMBXICZ OffEE 2 BT 72, i
JEEN RO EICIE, / FAZHWNTHEBEOEL mm (L), B mm(W) ZHE L.

JEGARE (mm®)=W>xL/2 OFFHE XA - THH Lz,
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3.3 EEBRHER

HA-ZnPP O Ff & &4 14 5T

ZnPP DARIT, SO DS TN A7 R JVITBIEE S 415 Soret #5 O RRK
F23405nm 5 4225 mm 237 P L, QN KON 2 AL L TWD Z &bk
AL,

ZnPPED ~DOFE KIS DOHE T A @ v~ N5 7 4 — (TLO) I L W iR L7- &

Z A (Figure 9), ZnPP [T AICHEE D . 7 o v X F /LTI S 72 ZnPP
TSI B S 7, £ LT BB SN ZoPP L= F LU T I E DKL
AR T D ZnPPED IFFURMNGIXIT L A EBEIT T, 20 RfEIZIZIZ 0 THhoTo
(Figure 9) .

FEHRI 213 H 72 HA-ZnPP OE &) 5, HA-ZnPP OILEITH 20 wt% TH > 7=,
F7z, Wk 415 nm (2381T 2 WOLEE & > THERK L 72 ZnPP O &#1 7> & HA-ZnPP H1
O ZnPP EHFEZFH L2 L 2 A, HA-ZnPP 10 ZnPP EAH KT 10 wit% TH - 7=,
HA-ZnPP ORFIGETE D= 7 ) — VBRI BESF OEITIZEWAR R O ZnPPED Hik
DR S 2 < 72> 7= (Figure 10 A), & 512, ZnPPED & HA-ZnPP @ HPLC %y
WradTo7lz & 2 A, ZnPPED (R FFIFFRDK 5.1 4312, FEHL L 72 HA-ZnPP (359 7.4 7712
FNEIAEH L7z (Figure 10 B), ¥ L7z HA-ZnPP O 7 v~ k7 7 AZiTilERED
ZnPPED OB — 7 (X & A EBIE SN o T,

ZnPPED |35 FPIZ Z OO L FANZEM e T X 2 5% H L T % 72 (Figure 2) |
HA & ZnPPED D[ZJ&Tl& ZnPPED 73 FINO— 2D 7T X J 2T Tld7e <. o0
BT L2 LTRSS HA 0 7RO ZS8HKE H 5 WL HA 70 7 To AR A (3R
). ©£Z T, ZnPPED O OT X /N HA &7 X REEGLTWDHOMN, HDHWIE
—D721F 72D, ZnPP D HA ~DFEGHENZHEE T 5 721 HA-ZnPP OUEREYT </
HEBA2ER L, HA-ZnPP B XY ZnPPED IR ENLT 2/ ROBE X, 1

Z400.0526 3L TN0.1085 uM Tho7=(n=4), DF Y, HAIZHES L7z ZnPP DIFIE
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YHOT I FRILFERECHAEL T e, LR - T, ABFFE TS L 7= HA-ZnPP C
1%, ZnPPED |ZZ DTN —FH D7 X/ A L THA LA LTS EB X bl

PBS |2 S ¥ 72 HA-ZnPP O K& X ZBHEHELE CTRIET 2 & FHER 7%
13129.8 £49.1 nm T - 7= (Figure 11), —7J7, HA-ZnPP OHEJEELE L THW Y

458 3,000 D HA OB IX Y 3.1+ 1.2n0m THo7-,

e Co

N
—_L_ e — e
s i e ] PR
ZnPP ENEEZnPP EtE{EZnPP ZnPPED

Figure 9. Thin-layer chromatographic analyses of ZnPP, activated ZnPP and ZnPPED in the

synthesis of ZnPPED.

Developing solvent: chloroform (9) /methanol (1) .
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(A)

B)

5.1 min

v

7.4 min

Absorbance at 415 nm

v

Retention time (min)

Figure 10. Picture of ethanol washings during the purification of HA-ZnPP after conjugation
of ZnPPED to HA (A) and typical HPLC chromatograms of ZnPPED (top of B) and
HA-ZnPP (bottom of B).

HA-ZnPP conjugate was analyzed by high performance size exclusion chromatography.
Column: Asahipak GF-310 HQ (i.d. 7.5 x 300 mm), mobile phase: mixture of DMSO (3) and

methanol (7) containing 10ppm of trifluoroacetic acid, flow rate: 0.8 min/mL.
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Figure 11. Particle size of HA (A) and HA-ZnPP (B) in PBS.
Hydrodynamic particle sizes of HA and HA-ZnPP conjugate were measured by dynamic

light scattering, showing mean particle size of 3.1 and 129.8 nm, respectively.
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HA-ZnPP O AT A~ 27 bV GAIER E 350700 nm) 36 KX OVl A7 K
SV (it & 420 nm, H# LR 500-700 nm) OHRIE %1772, HA-ZnPP 35 X O ZnPP
I3, ARSI RV TR 422.5 nm (SRR 2R LTz, — 07, KRS 5%
IR K I 400 nm (CBIZR Sz, £ 72, SDS f77E FICE T 5 HA-ZnPP 3 K X ZnPP O
WA KT 422.5 nm (2, U 3 F 2 FFAE FCid 400 nm (28152 X7z (Figure 12) , PP I,
RNT 4V VBRO o —n AHEAERSCEBUKMEA BAERIC X0 SRR AT T 5 & I
RPEHRERIC 7 L, BE—2BRIET e — R 2 ENmb TS [52], 20
728 HA-ZnPP [Z/KIEHC L v F I CIIEHR IR Z UL L TV D TIRZR W L HEZ S
iz,

WA bV ZBIGE LT fE 5 HA-ZnPP [ 3/KVAT 1 TIEE8 W EsE LBl S
o To, ZAUSK LT, ARAL TIEsR W EDE B S s, 24U, HA-ZnPP
(TAREE T TIEEHE R ZTERC L T 525, AREEEE D Tl3 HA-ZnPP 53 F- O 53D
B < RV BRWESENBIE S b D £ B 2 BT (Figure 13),

KRR TN ETEVER] SDS HAWEIL T F U 2RINT 5 L, bFNTIEH LR
HA-ZnPP OEOGITHER Lz, /KIEH T O HA-ZnPP OEREIREDS . FmiE Al o 3sn
ICRVIREESNTZ LXK Db DTHD, £/, ZnPP TH HA-ZnPP & [FIERDO#E R %
~ LTz,

I BT, VU F UAFE FTO HA-ZnPP O# e AT~ L& JIE L 7= (Figure 14 A)
HA-ZnPP & L F U DIRE 305D AR MWVTIRGEZDZ L& R THE R
LITBIEL SN2 D> 72, HA-ZnPP OERIRFEICE LWAITAE L T ARNED LB R
bivlc, I, LI F TR TRBIAE T T HA-ZnPP OHDEARY RV Z2HIE L
7= (Figure 14 B) , HA-ZnPP /KIAHRIZIRFE 2 N 2 T & 8 Y58 O RITBLE S 2o
7=o HA-ZnPP DEHEMRTERUZIL, EICHUKMEARAER M & | KFEHEEIZL 25T 51E
NSV EHEER ST,
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(A)

Absorbance

0 L] ] T T T ] T ] T 1
350 370 390 410 430 450
Wavelength (nm)
(B)
1 -

DMSO

PBS +1%SDS

Absorbance
=
h
1

-

e
-

- -~

-

390 410 430 450
Wavelength (nm)

Figure 12. UV-Vis absorption spectra of HA-ZnPP (A) and ZnPP (B) in various media.
HA-ZnPP or ZnPP was dissolved in various media indicated in the panels, and their

absorption spectra were measured by a spectrophotometer.
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(A)

Arbitrary fluorescence intensity

\ -7PDS X 1%SDS
t::iifznglpasf ecithin
AN
ma‘-:-‘“mgpasat::.:::“...
500 550 600 650 700
Wavelength (nm)
(B)

PBS + 1%%SDS
PBS + lecithin

Arbitrary fluorescence intensity

500 550 700
Wavelength(nm)

Figure 13. Fluorescence spectra of HA-ZnPP (A) and ZnPP (B) in various media.
HA-ZnPP or ZnPP was dissolved in the indicated solutions in the panels, and their
fluorescence spectra were measured by a fluorescence spectrometer. Excitation wavelength:

420 nm.
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(A)

Arbitrary fluorescence intensity

500 550 600 650 700
Wavelength (nm)

(B)

Arbitrary fluorescence intensity

500 550 600 650 700
Wavelength (nm)

Figure 14. Fluorescent spectra of HA-ZnPP in PBS containing lecithin (A) and urea (B).
HA-ZnPP was dissolved in PBS, and was mixed with lecithin (A) and urea (B).
Fluorescence spectra of HA-ZnPP in each was measured by a fluorescence spectrometer.

Excitation wavelength: 420 nm.
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ZnPP [ZFRVVOLEZ RS ENDL Z LIC kY, —HEBR L AT DH, £ T,
HA-ZnPP £ 7213 ZnPP % & £ & E R - I h ISl L COEIRE 2470 X-band ESR
ERWTERSND ', ZHE L7, BonEBREY, AHISETH TIX, HA-ZnPP
° ZnPP (L, HERMEIFRIC, BRG] C L 8o — EIAESE 2 R 4E S ¥ 72 (Figure
15 D), —JF, KEEF TIEX, ZnPP 2D 1T —HFHIHEFE OFAIT I S o 7203,
HA-ZnPP 22513, DO Tldd 208 —EHHAM I O AED MR S vz (Figure 15 A), %
7z KBTI SDS RV F g EORmIEHA LIRS 5 &, —HEBHEDRE
BT AR L7z, Z 0% RIE, $512. HA-ZnPP (2B CEEZE T - 7= (Figure 15 B, C).,
D OFERD S | HA-ZnPP [Z/KIRIK T CIIEENETH D70, b0 —EEESR
LT L7208 | A BRI -0 FURTE MR 2 0 U 727K B8 Tl HA-ZnPP D ¥%E
LRI S ZnPP O EMEN S E SN D720, —EHEBELZER LT R0
EFEZ LN,
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(A)

,,
= - O ZnPP 10 ugmL
B m HA-ZnPP 10 pg-ZnPPimL
)
z B HA-ZoPP 100 pg-ZnPP/mL
2 =
2 - T o %
5 =
E
z
i;
[:I L] T T
0 2 5 10
Irradiation time (min)
(B)
21 g ZaPP10 pg/ml .
m HA-ZnPP 10 pg-ZnPP/mL T
B HA-ZnPP 100 pg-ZrPP/mL * i _i_

lﬂquJI

Relative singlet oxygen generation

Ln

0 | 2
Irradiation time (min)
Figure 15. '0, generation from HA-ZnPP upon light irradiation.
'0, generation from HA-ZnPP and ZnPP dissolved in (A) PBS and PBS containing (B)
0.1% lecithin, (C) 1% SDS or (D) DMF. HA-ZnPP or ZnPP solutions were irradiated with a
xenon lamp at 400-700 nm (20 mW/cm?) for indicated time period. 'O, generated in the
solutions was captured by 4-oxo-TEMP, and the resulting 4-oxo-TEMPO was detected by

ESR. Data were mean + standard deviation to the no light-irradiation control (n =3). *P <

0.05. (Continued)
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©)

_ 5 ] O ZPP 10 ugmL
2= B HA-ZaPP 10 pg-ZnPPAmL T
2 D HAZoPP100 uygZePPml | % T |
=0 " - —
% | : Tl
“ 14 Femre E3
= 1
=D
=
?;
Z |
0 2 5

[rradiation time (min)
(D)

O ZaPPO.1 ug/mL .%
B HA-ZaPP 0.1 pg-ZnPP/nl

*

g T .

: ﬂl
0 :
0 30 90 180

Irradiation time (sec)

Relative singlel oxygen generation
]

HA X, e7 e =F—EDEMAICL D 2D B (124) 7V 22 K fiantks
RS IND, 2T, KBKRHPIZEBWTHA-Z0PP IZEEN 5 HAZY, T bn=
Z—BOERIC X > TUIB &N 5 2 & TLHA-ZnPP OREIRIEICEL RN R 5N D 0 E
Rt L7z,
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HPLC 73#7r D 5, HA-ZnPP ' — 7 O rFFFRHIT R < 2 0 IRo T &b BlE s
b, e e =4 —8IZL Y HA-ZnPP 23 FH D B (1—4) 7'U 222 REEE MR
O3 fiR SHU  HA-ZnPP O3 10/ NS < 72 % Z L AR S viz (Figure 16) , £ 72, (Figure 17)
([Z351F 5 HA-ZnPP OHOGIREL T LT, FUSKFRE Z &0, Z{hiZR oo
7zo ZAUZE. HA-ZnPP 25 A S415 HA 243/ L CTH, HA-ZnPP I3MiEHE S e

T HERIEL TV,

—— None

lh

3h

Absorbance

D

12 17 22 27 32 37
Retention time (min)

Figure 16. HPLC chromatograms of HA-ZnPP treated with hyaluronidase.

HA-ZnPP was allowed reacting with hyaluronidase in acetate buffer (pH 5.4) containing
0.15 M KCl at 37 °C, and the resulting materials were analyzed by HPLC. Column:
Asahipak SB804 HQ (i.d. 8.0 x 300 mm), mobile phase: 0.1 M sodium phosphate buffer (pH

7.4), flow rate: 0.5 min/mL.

36



- == 10 min
--=- 15min

——- 30 min

Arbitrary fluorescent intensity

500 550 600 650 700
Wave length (nm)

Figure 17. Fluorescence spectra of HA-ZnPP treated with hyaluronidase.

HA-ZnPP (0.5 mg/mL) was dissolved in acetate buffer (pH 5.4) containing 0.15 M KCl,
and was allowed reacting with 0.5 mg/mL hyaluronidase at 37 °C.  Fluorescent spectra of
HA-ZnPP were measured by a fluorescence spectrometer at the indicated time after mixing

with the enzyme. Excitation wavelength: 420 nm.

HA-ZnPP DHiiESE 20 R D& i

HeLa(t b5 8125 ) filia 2 FHVCOMIaPIC B D A £ 4172 HA-ZnPP & & ZnPP
DA LTz, £72. HA-ZnPP 23, MRICEV AL HBRT, BT b B 5K
(CD44, RHAMM %) 41 L GHIIIZE D A E LTV D D ET L Tz, misr 11k
BT D HA-ZnPP X, MIEANERY AL IEFITEL , 24 KEH#% O HA-ZnPP DI
D IABBIL ZnPP DZNDKI 453D 1 Thole, TO LRI, @moir 3D ORILH
B SABBEIMES FHEEM L VIR 72 D 2 & 1E, @S FIUEAY Tl —mic Bl &
h5BIGThs, £, HA LB L7-MILO HA-ZnPP BV iAZ &1L, HA LB L TV
RSO LT 5 L 24 FERIRIZIT 2 00 1 LUFIZEfl S Tne, 2o Z &
5. HA-ZnPP @ HeLa AN ~OELY IARIZIX, & 71 VRS IRDEI 3 2 181

DEENTND Z & DRE S U7 (Figure 18)
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Figure 18. Cellular uptake of HA-ZnPP into HeLa cells.

Hela cells seeded on 1.88 cm” dishes were treated with ZnPP or HA-ZnPP in the absence
or presence of HA for indicated time period. Intracellular drug amount was determined by
fluorescence spectrometry, and normalized by the cellular protein amount. Data were mean

+ standard deviation (n = 6).

HeLa ffifid & S-180 AHAEIZ %t % HA-ZnPP OMIfAEEMEZ MG Lz, A7 1Y
CRIEEWIE, SRR AT D 2 LT —EHEEBE A LY Mg EES RSN D
728 HA-ZnPP THOLMR3 5 2 LIS X 0 MIEEMEN R T 2008 5 D E R LT,
F72, HA-ZnPP |2k 7 bm =X — BB ZITW, HA OIS bZ &0k v,
HA-ZnPP %7213 HA-ZnPP &OUMI 202 2 & TG EHEENEIL T 2080 %
R U7z, BT L 72 B EEEPH T, HA-ZnPP | HeLa R3S J O S-180 #ifizxt L ¢
G EVE &2 7R X720 o 72 (Figure 19 A) . HA-ZnPP JLEE U 7= AARIC SER S 217> T H |
B & 22 Er B S /e o 72 (Figure 199B), £72. b7 n =4 —BHLH

L7z HA-ZnPP Z W0 L TS LT, Ml EMEIT R & 727 72 (Figure 19 C),
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Figure 19. Cytotoxicity of HA-ZnPP to HeLa (A and C) and S-180 cells (B).

HeLa (A) and S-180 (B) cells seeded on 96-well plates were treated with HA-ZnPP.
HeLa cells (C) were also treated with HA-ZnPP pretreated with hyaluronidase. At 24 h light
irradiation, cells were incubated another 48 h.  Cell viability was determined by MTT or

WST-1 assay. Data were mean + standard deviation (n = 3). (Continued)
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FEERNERR Td D IEGT L CRWWEREZ R LT, &5 48 IFRITZ & HA-ZnPP I3, JE
~OFEWEREMEZ R L7, EPR ZIRIZHES 2 HA-ZnPP OEE~DOERE & REF1FE
¥ 57z (Figure 20) ,

FEIEAER B L% 5 mm @ S-180 HH23 A~ 7 AT, HA-ZnPP % RBFHIR) B G- L,
JE DK & S 2 RRREAICHIE Lz, FEBRIZIT, HA-ZnPP £ 5-8f, HA-ZnPP 5. + light
HRSHRE, ZnPP ¢ 5-8F, ZnPP 5. + light FRITRE, MEALERE, light FRFHRE 2 ¥ L 7=,
HA-ZnPP #x5- + light FEATHE T, TEIGERN G 31 B 1 U4k 50 b —H[F1%) 22 5
AEENR O, B A IH L7c, F72. ZnPP 5 + light FUATHEC & 5 H5H
MHEN R ONTZN, 25 51E, 7 ADEFERBEN -T2, KEEGHLH—»
A% ESEER D B 56-70 B D) O %« OALFHIL, HA-ZnPP 5 + light FEUEH
INETEER 100%I25%F LT, BELALERE « HA-ZnPP ¢ 5-8f « ZnPP #5883, 40%LL FTH

V. ZnPP %5 + light BUNEE - light BUNEEIL. 60%LL T Td - 72 (Figure 21),
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Figure 20. Body distribution of HA-ZnPP in S-180 tumor-bearing mice at 24 (A) and 48 (B) h
after the ZnPP or HA-ZnPP administration.

S-180 tumor-bearing mice were received ZnPP or HA-ZnPP at 15 mg-ZnPP/kg via the
tail vein. At 24 and 48 h after the ZnPP or HA-ZnPP administration, mice were sacrificed
and selected organs were collected after transcardial perfusion with saline. The amounts of

the ZnPP after extraction were measured by fluorescence spectrometry. Data were mean +
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standard deviation (n = 6).
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Figure 21. Antitumor effect of HA-ZnPP in S-180 tumor-bearing mice.

S-180 tumor-bearing mice were treated with 15 mg-ZnPP/kg of ZnPP or HA-ZnPP
(black arrows) followed by with or without light irradiation (white arrows). Tumor volumes
were measured as described in Materials and Methods. Data were mean + standard

deviation (n=15). *P <0.05 versus HA-ZnPP singly-treated group ().
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Figure 22. Representative images of mouse treated without drug (A), and mouse treated with

HA-ZnPP + light (B) and ZnPP + light (C) at 30 days after S-180 tumor inoculation.
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