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Investigation of macromolecular antitumor drugs
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Kenji Tsukigawa

Low molecular weight antitumor drugs distribute to both tumor and normal tissues
indiscriminately, which causes adverse effects and limit of the dosage in clinic. Compared with low
molecular weight drugs, biocompatible macromolecular drugs (> 40 kDa, 10 — 200 nm) show
prolonged blood circulation, and it preferentially accumulate in tumor tissue for long time. This
phenomenon is now considered as the enhanced permeability and retention (EPR) effect. In this study,
I prepared macromolecular antitumor drugs such as polymer conjugates and the conjugates based
aggregates, and investigated their tumor-selective properties and antitumor activities.

Firstly, I investigated the release of active drugs from macromolecular antitumor drug.
Pegylated zinc protoporphyrin (PEG-ZnPP) is a water-soluble macromolecular antitumor agent. PEG-
ZnPP formed aggregates in aqueous solution and accumulated in tumors preferably by the EPR effect.
However, pegylation hampers the therapeutic effect on tumor cells because of decreased intracellular
uptake. This problem is called PEG dilemma. In this study, I prepared two types of PEG-ZnPP with
different chemical bonds between PEG and ZnPP, i.e., PEG-ZnPP with ester bond (esPEG-ZnPP) and
PEG-ZnPP with ether bond (etPEG-ZnPP). The depegylation of esPEG-ZnPP appeared to be
facilitated by both serine and cysteine proteases in tumor tissues. Meanwhile, etPEG-ZnPP showed no
cleavage of PEG chains. And, esPEG-ZnPP showed higher intracellular uptake and cytotoxicity in
vitro than etPEG-ZnPP. Moreover, depegylated products of esPEG-ZnPP were observed in tumor
tissue in tumor bearing mice after i.v. administration, and esPEG-ZnPP exhibited significant higher in
vivo antitumor effect than etPEG-ZnPP. These findings suggest a possible method to overcome PEG
dilemma and acquire tumor-selective properties, by using ester linkage for the antitumor drug
development.

Next, I investigated pharmacokinetic properties and antitumor effect of macromolecular
antitumor drug and parent low molecular weight drug. Previously, in our laboratory, we prepared
pirarubicin (THP)-encapsulated micellar drug using styrene-maleic acid copolymer (SMA), in which
free THP was non-covalently encapsulated in SMA micelle. However, it was reported that stability of
drug-encapsulated micelle by non-covalent interaction was not so adequate. In this study, I developed
SMA covalently conjugated THP (SMA-THP conjugate). SMA-THP conjugate formed aggregates and

showed albumin binding capacity in aqueous solution. Consequently, SMA-THP conjugate showed



longer blood circulation time (i.e., AUC: 24.5 times) and higher tumor accumulation (i.e., 8.4 times)
by the EPR effect, than free THP. Moreover, this conjugate showed superior retention in tumor tissue
than in normal tissue, and exhibited remarkable antitumor effect against colon 26 without apparent
toxicity in vivo. Interestingly, this conjugate exhibited not only growth suppression of implanted tumor,
but also reduction of metastatic tumor in the lung. These findings suggest the potential of SMA-THP
conjugate as favorable candidate of antitumor macromolecular drug with tumor targeting property and
little toxicity.

Then, I compared pharmacokinetic properties and antitumor effect of macromolecular antitumor
drugs with different molecular weights. In previous our study, compared with poly(N-(2-
hydroxypropyl)methacrylamide) (PHPMA) conjugate with THP (39 kDa, 40P-THP), higher
molecular weight PHPMA conjugated with THP (400 kDa, 400P-THP) showed superior tumor
accumulation and antitumor effect. However, the toxicity of 400P-THP was also higher than that of
40P-THP, and body weight loss of mice was observed after treatment with 400P-THP. In this study, to
develop P-THP with little toxicity and high therapeutic efficiency, PHPMA conjugate with THP (93
kDa, 90P-THP) was synthesized. 40P-THP and 90P-THP showed similar THP release property and
cytotoxicity in vitro. Meanwhile 90P-THP showed prolonged blood circulation and higher tumor
accumulation than 40P-THP. And, 90P-THP exhibited higher antitumor activity than 40P-THP, and
eradicated tumors in 80% of the treated mice without apparent recurrence longer than 150 days after
tumor inoculation. Importantly, it was suggested that potential toxicity of 90P-THP was lower than
that of 400P-THP, and 90P-THP exhibited the antitumor effect without apparent adverse effect. These
results suggest that 90P-THP appears to be a promising candidate for macromolecular antitumor drug.

In these studies, macromolecular antitumor drugs exhibited the EPR effect and tumor tissue
environment based high tumor-selective properties, and then reduced the adverse effects and improved
the antitumor activity, compared with the parent low molecular drugs. Development of
macromolecular antitumor drugs with high tumor-selective properties is crucial for cancer treatment
with macromolecular antitumor drugs. In addition, investigations of multiple-dose, of combination
therapy with different macromolecular antitumor drugs and methods to enhance the EPR effect are
important, which will lead to efficient and safety cancer therapy. The findings in this study will

contribute to development of macromolecular antitumor drugs with high tumor-selective properties.
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Effect of different chemical bonds in pegylation of zinc protoporphyrin that affects drug release,
intracellular uptake, and therapeutic effect in the tumor
European Journal of Pharmaceutics and Biopharmaceutics, 2015; 89: 259-270

Kenji Tsukigawa, Hideaki Nakamura, Jun Fang, Masaki Otagiri, Hiroshi Maeda

Synthesis and therapeutic effect of styrene-maleic acid copolymer-conjugated pirarubicin
Cancer Science, 2015; 106: 270-278

Kenji Tsukigawa, Long Liao, Hideaki Nakamura, Jun Fang, Khaled Greish, Masaki Otagiri,

Hiroshi Maeda

3) Enhanced pharmacokinetic properties and antitumor activity of diblock poly(N-(2-

hydroxypropyl)methacrylamide) conjugated pirarubicin
P i o
Kenji Tsukigawa, Hideaki Nakamura, Tomas Etrych, Petr Chytil, Jun Fang, Karel Ulbrich, Masaki

Otagiri, Hiroshi Maeda
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ALT : alanine aminotransferase
AST : aspartate aminotransferase
BSA : bovine serum albumin

BUN : blood urea nitrogen

CK : creatine kinase

CMC : critical micelle concentration
CRE : creatine

DFP : diisopropyl fluorophosphate
DLS : dynamic light scattering

DMEM : Dulbecco’s modified Eagle Medium
DMF : N,N-dimethylformamide
DMSO : dimethyl sulfoxide

DOX : doxorubicin

EPR : enhanced permeability and retention
FBS : fetal bovine serum

Hb : hemoglobin

HO-1 : heme oxygenase-1

HPLC : high performance liquid chromatography
Hsp32  : heat shock protein 32

ICso : half maximal (50%) inhibitory concentration
LDso : Lethal Dose, 50%
LDH : lactate dehydrogenase

MALDI-TOFMS  : matrix assisted laser desorption ionization-time of flight mass spectrometry

MMP : matrix metalloproteinase
MTD : maximum tolerable dose
MTT : 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide

PBS : phosphate buffered saline



PDI
PEG
PHPMA
PMSF
PP
PPED
QOL
RBC
S-180
SDS
SMA
THF
THP
TLC
TNBS
TPCK
WBC
ZnPP
ZnPPED

: polydispersity index

: polyethylene glycol

: poly(N-(2-hydroxypropyl)methacrylamide
: phenylmethylsulfonylfluoride

: protoporphyrin IX

: bis-diaminoethyl protoporphyrin IX

: quality of life

: red blood cells

: mouse sarcoma 180

: sodium dodecyl sulfate

: styrene maleic acid

: tetrahydrofuran

: 4'-O-tetrahydropyranyldoxorubicin

: thin layer chromatography

: trinitrobenzenesulfonic acid

: N-tosylphenylalanylchloromethylketone
: white blood cells

: zinc protoporphyrin

: bis-diaminoethyl zinc protoporphyrin



T I - S 1
¥2% PEGALMiEA T v AT ¢ U2 d PEG SHEIWE & APV ER D A BB X OWWIIEE )
L [ ey - A 4

L = 4
2. EBAMEIEB L TONEEBRITIE « ¢+ ¢ ¢ ¢ 0 0 e e e e e e e e e e e e e e e e e e e 7
TS X - 15
R T 44

H3E AFLrvlArviEaRl)~— (SMA) eI LE L OERNEIRER L O

Hi%@%@*ﬁ%} ................................ 46
1. ﬂﬁb% .................................... 46
2. %?ﬁ*ﬁ*%j’ﬁi()\%ﬁﬁf{f ........................... 48
3. gg%‘ﬁ% .................................. 53
4. ?;S .................................... 71
¥a4m RV Raxr 7o A4 271 L7 R (PHPMA) fEARE T L E Y ORN
BEERS L OIS I DME, » » ¢ ¢ 0 0 o o e e e e e e e e e e e e e e e e e 73
T - SR T 73
2. EERABII L ONFEBRFTTE « ¢ ¢ o 0 o o 0 e s e e e e e e e e e e e e e e e 75
3. FEBRAEEL « ¢ ¢ o o e e e e e e e e e e e e e e e e e e e e e e e e e e 78
R 91
2 93
20 R T T T T T 96



B1E #Hw

WAE, ZL OBEBOPTHIEEERE <, 1980 FRUME, AARADECRE (L%
ko TWD, MATBIZIE, HIED 7o DI RN D RE Z T CTRE ORI 28 i
WOEFMME TG L CHER2ICHN D, 28 TIRRIE (D AMEERE, H~F—)
bR OND, BADIRFITEIC, SMBAOTERE, BUBRE, P RENIV LA TEY | B
MEIFOEH L TITHOIL TV D,

BHNZH R SN GE 0 RHICUIBR D AT RE 255 & CHIUTR WA, BADKE IR
BTz &> CTUIBRAAIRE R G A b o D, Fio, ARICOIR L& LTH, @EETHA
T, T TR LT 2 TREMESCR ISR T 2 rTReME S iV, BRI, ESMia
FEHRIRPUME DMK < | 3 < O IEF IRER OIREMEDS B WA R Th 203, HOLEILIE
TR DR ERF A=V B ZIFT T LEW, BB 772 72>TLE I,

IEFFETHNON TV DEY DL ITEDFOHFRAKITH Y | 8 ADOIEHE, &%
EOLHELHR, FITAERRE S T/ T2 B8, BRERO T HAYR SIZHW
HBILTWD, LNLABNL, TXRTORAICEBWTENIIREAEN SO TND L IEE R
220 2 < OARG THU0S AANTIES A~ ORI DMK < | Al Slc kv 25 &b i
%, AR OREFHHRRZ T T2 < BB R EFMEBE~ b 20 LT LE 9, Ko rHaAH
D2 . M RO A TR SN 2 859 2 /EH 2 F5o08 . RS 7210 T < IEH
fal, FEICHIR D KO RE A IR BRI A —V 2 52 T LED ZEnEE 0D, 20 XD
IR IESREPNEDIR E 6 | B XX EREIIHI 72 EOEERRERNE Z 0 . Al ek MR
BB E D 2 ENENO, ZOMIZ AR, B, MR, BB, AR, BEL Vo
ZRWERH LD, NABEOEROE (quality of life, QOL) IEAEIIKFLTLE 9,

F 7 FGE T, SO BAR 170 & OfEHT I HEL | NS AR R A AFTE T DR E
DEEFRL L 7 EOMSREZ ILET 5 0 THEENRZ S R SN TN D, LM LARRL,
N ADFERPE—EIR FOHDRE TRVGENZ N L0, B TS LWAERN
BETNWDZEREND, HIFF LIETBEREDHEONRWGERIMERE L 2560 H 2
@), o, IHhOS TG EHEMRCE A -V 52 5558088 Bl X E M
R EORIERNRGNDG, ZD L 212, DADLFRIEIZBWTREZRMEE 72501
HEZRBIERTHY . +RIBFIRDPEONDANHRGEPHIRSATLE D,

ZZTRZ w75 YUY —2 25 A (DrugDelivery System, DDS) O£t % HW T, &
TR AEID IEFE R~ AT % TE DTS L, IESEMAMRICERICER S S5 2
ENEHEIZEEZBIND, ZODDS L, AEERNICES SNIZEMOENSARZ S L, &

1



TR, MR EE, LEREALICEES TS Z & TR REED 5, BEAZK
BWIEDLZENHNTH D, TOME., LVRRIBHELE . DABED QOLIK TR <
ZElZbolenb EHfFTE S,
R PR AR~ OB 22 S FEME 2 15 5 T & LT, enhanced permeability and retention
(EPR) ZWROFM D & 569, EPR 2%, £ < OEEEFICHB W CTHREAICH 5 58]
RT, ARBREEZAET @O (O FEEL T4 E, 4 XL LTKH 10 ~ 200 nm)
23, MBI BIRICERE L, R ELSBLOZ L THDH, 2D EPR hRIE, £7
AR & IEEALRR 3 ) B AR TS 7 & OBV LTV S, SRR T, IR
DI % 322 5K BOMHE L IR D701, MEFAEREAIKRZ > TnD, LT, Z
DOFAEIMAE O DY IE R IS O & KRE S BR- T, BIFOFAME ORI E LT,
MAE SRR D720 2 & RMAENBHIIORIRA R E KBV TWNDS Z L (eg. ~1um) 3%
B, BE CITER ME 2SI 3R LW E S 28R LT WSR2 >Tnd, &6
T T VX=X LER, TORAX T T Ul B2 IR U RS A O
M FEE M2 T STV 5,
IRBITIZ T EEBMARICBO TR L oVERERETHY, VB L AES T
W DIEERE BN TN & 2D | JEEMRRICEE Liomy O RIE® E 5 2 &
272 %, T EPR ZNRIZHEAD < @mWVESERME A5 2 7201203, Ko P AAZ &1
b 20ER DD, ZDmma LIS AFIORE 1L, BlgdRit 2= 72 nwrr& 4 HLLE
ThdHIZEPEET, REFMMPISHET 5 2 & CEGMAE )b Mg~ & R 2k
MEBE<, £72. @O FICBWTHMBENKRICE DRI T, P76 HELhITHEL
TLEI ZENRHESINTNDO, 2F 0 @o b AFNTARICR L CEENRES . S
ICAERNTEY E LTRSS NWZ & TROLARBRMEEZ AT 52 ENNETH
Do
AHFIE T, ERBFEEET LR ~—%2HW T, Fx O&ES LTS AAIZERLL
Z OIEEHERMELHUESI R BT D MEt 21T o 7o, T 6 @ B A A ORI %R
PUEG IR 2 50 5 FIEIXENENRR D, 5 2 BT, @ FAEHD A & OFis
AFIEIEE L L 2 O DS IRER Y A A3 L OWUIEE 2 R KIZ T BB 2 Mt &
1To70, MR =F L7 ) a— (PEG) %G ¥ 2% PEG bid. EYOENENRE
IFBGET 208 NI Y AL ZHE L CLESEPEG Y L v) 3 d 5 Z L0,
PEG $4f5 A c ¥ 72 2L #E G 23 5 PEG{LH#igh 7' = b AL~ ¢ U > (PEG-ZnPP) % M
W, PEG #H23 ED KO ICUIWiBET 5 DAy, E£72% D PEG $HUIMr DS HERE PN D A Z-R2



PRSI RIZED X ET 200G Lic, HIBETIE, 7Y F A7 U U RIUARA
A Z e (THP) Z W TaarFABHias Al & e DR FHi0S AR OIRNENRE, HiiE
WNR D LLBRTT 21T > 72, THP OFEMMEZ®mO LD, AF L o< LA URaRy
~— (SMA) &HAREA SET-Em S LA AR (SMA-THP conjugate) Z1ERLL T, TD
&5y FHUA A THP L AANENRESCHUES IR e LI L Tl L7z, F 4 ETIE, o1&
OERRBZRIE R Fae A4 27 L7 I K (PHPMA) #47% THP (P-THP) %/
W, RNENECHUIEIE IR, BRI DWW THERET L7z, Fox OBFE 7 L —7 Tl
TIZ, B F &K 4 770D P-THP (40P-THP) (ZEb~~, 45553 F &K 40 75 P-THP (400P-
THP) DMEBAEFEIER L OBUEENRICB N TER TV Z L2 R L TWD 2, #E ik
<o TLEW, IRFEOBEERAD b Ao 7028), 22 T, KEETEWIIR L BET S
P-THP OBA% 4 HIE L T, T+ 8HK 9 5 P-THP (90P-THP) % {EHL L. {KNEHREHT
TESZN R, B2 Ea it Lic, LTFICARIFE TR oM R 23R T 2,



2 E PEG{LHESH 7T FERNLT 4V D PEG S48IKHE L MIIANERLY AL X OIS
PHRICET A RET

1. HFx

AU =ZF L7 Y a—/ (polyethylene glycol, PEG) IXEEIROES LA THY |
IRFME CHUECAAI DO EAIE LTh il < KV EEBICHNONTND, 20 PEG &4 /3
7 ERAICWERE, ETIET OMOEMIHEA ST H L& PEGILES WV, ¥ T HOH
JEHE DR T oA SIE S O FIIRAE 72 SITN 2 T, Yo Ptz m X5 2 &R
KREZREMTHZ0419, PEG ITHYOEE I KB L, MIEY 7 B OWAEH
MR RIC L AR AE L, WhbWwd 27 L 25054 472 530718, FERTIE, 7 A LA
PERFRICHW BN S PEGAILA v X —T7 x a0, U U2 WEAIMFRER LS L TCHLWOR
TW5 PEG b L-7 AT X F—8, ZOM PEG b7 7T /o7 7 I F—Ee ENFEML
ST 51920

FTARSFHRAANT, PEGIIZ L > TEyr 7k (e.g. >40kDa) 415 Z & T, EPR
RN HS < EOBEBERME NG DN 5619, L L7es b, PEG LIt DI o i ik
PECIBERNE L Vo T ANEIRE I E S B2 b 00, HEIC K - TUXIBEDREZD T 5
ZENHESNTEY ., ZoRMBEIZPEG YLy~ EMHENR S (Fig 1A) (010, = DJFKIE,
PEG |Z X o TR S NI KFE D, ARAMIE O MR & OFE BAFR 25 2 72 & L TR
IR~ DI Y AR ZIAET 5720 L EZX BN TVWD,

ZDPEG VL~ R D 120 AR (IS ERAL) T PEG (L35 PEG 81
FUIWHERL S 2 2 L1280, MlaNA~ORY AR ZSEL L 9 & TR Th T
% (Fig. 1B), BlziE, ~ b VU v 2Z7 2 A% 777 —+ (matrix metalloproteinase, MMP)
RNT Ty BREODT T T =R SO SN 5T TF RN, TR CUIk S
NoHe 7Y Uitia %z PEG B A ICE AT D587 EDv A ST 2 (12124,

Z DM PEG LD E L TiX, PEG 12T 5 IgM HLADBEASIND Z LI12k D, 2
[5] B CARE O e 5Tl 2 HECHIZHKR L TLE) 2 ERMONTNDE®), Zhik
accelerated blood clearance (ABC) Bl5: & FEEIL TV 5 233520 Fuis UKl Nl L7- PEG 1k
UARY—ATIE ABC BIENEZ L7202 &bt Sh T 5e), E£7- PEG Ofb v Iz,
Bl ZIEZRY =t e FooRY V) ko—L%&2fns &, ABC BIERnFHE SN2
EBHE IR TV H@),



PEGylated macromolecular drugs
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formed by PEG it PEG

11
Tumor accumulation

PEG dilemma based on the EPR effect

Tumor vessel Normal vessel Normal vessel Tumor vessel T
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Figure 1. (A) The problem of pegylation called as PEG dilemma and (B) the strategy

Tumor cell

to overcome PEG dilemma. Pegylated drug micelles are shown as a pegylated

macromolecular drug example.

igh 7 1 RV ¢ UV (zine protoporphyrin, ZnPP) 1%, ~AE2{LE%3E (heme oxygenase-
1. HO-1 & %\ T heat shock protein 32, Hsp32) Z [l L. HUlEEZhE % #9560, HO-
L, ~2REHICREb 2 EERBRE TH Y, ~LnDE YLy —B{ERFE (CO),
PREPEAL, BV UEELICE Y LY VETHEOIERICE Y, B L E A~ SR
WEND, ~AMEFEHOE U LE LR CO X, PILIERSHT R h—v A EH &2 F
L. Ml A Bt A b LA DARET HEHI 25 CD, F-EEMILTIL, HO-1 A&EHBLL
TWD— 5T, EEBEENETDIHET—8, TAET At F o —8, A—r3—
FF Y RUALZ =B EORBEPIH SN TND Z ERMHILTNAHC), L5 T, HO-
1 IS AR do W CERE AR BRI 1 & U CHERE L, JEIE O s FECAEMFIC B L C R 22
BRI LTWAHCLE) F 7 ZnPP 1X, Bl IXNAEET (ber/abl) OHiliHI72 & DD A 7
S AL R o THHIEGENRZRIT 25 2 L3 #E STV H ),
ZnPP [THEKENETH 2 M3, Fox OWFFE 7 L— 7Tl PEG I L o TV ks 2 1845
THZELICHIILTNDEO, E= Z D PEG 1t ZnPP (PEG-ZnPP) 73 /KEHZ ™ T 200 nm LA
LR L LTHETHZ L 2WME L TEBY . KERP CEHROBEESTTREE TR



BREE L, M FE LTHEETELELEIOND, ZO/E, HRA~ T ZTHEHRE 5
T 5 & EPR ZIRICE D EBRAYICIESSICEERT L. PEG 1LATO free ZnPP X V) &\ ISR
PeARTZEEH LN L TWNDHCS, L Z A MNER Y IAZIZBI L Tid, free ZnPP &
FEEARTRNZ & 2353720 | o> PEG (L3EW) & [FIERIC PEG ¥ L o I ZiE M L 72G%40, K235
ez T2 572 6 PEG-ZnPP @ PEG $H2NMINES £ 72 1TMIa COIMRE S 2 2 & 2350
Mo TNDE), LosLan b, PEGEA YD X HIcUlr s s ooy, £7-% 0 PEG #H{DY)
W L B S A PN L 0 JA RIS LS & D & 9 (TS 2 MO W TR o T
7200

ZIVETICHR A ORFFE 7 V—7"Cld, PEG $HEGIIC R 2 kia 42 A7 25 2 fifA
® PEG-ZnPP. T 725 PEG S4B MIC T AT LA (es) % HiD esPEG-ZnPP, & 5\ Z
T—TF VA (et) ZHiD etPEG-ZnPP 5L CW\W5, £ZT, Z® 2 fifH? PEG-ZnPP
{22\ T, ARNTO PEG S50 BIWH33 K OSBRI IR 0 A Z-oHUIE BT 0 FEBR i 21 7
VN, PEG $HUIEr A 1 = X A% PEG $HEIT O EENEIC DWW TRETT 5 2 & & LT,

ARFTIE, Fx O AP O KR E % — b & FV T, PEG-ZnPP O lfiLH T
DR TEMESCIEFFHNL T D PEG $HUIWHME A 2 ZAURat L, B5asiiin 2 A CRETa N B Y JA
BRI ERE 2 5 L 7, e T A~ U ACERIRE S L CHUEE S R ORI, & LT
RN ATCARIN T D PEG SHEINHE DO MRET &2 1T - 72,



2. EBER X OERGE

2.1. ZEBRHE
Protoporphyrin IX (PP) . leupeptin, hemin (LA L. Sigma Aldrich Chemical) . Zinc

protoporphyrin IX (ZnPP) (Frontier Scientific), = A7 /L' &% A 7 PEG (ME-20CS, “¥#)5r 1 &
2322) . =—7 )L %A 7 PEG (ME-20AS, V15 & 2280) (LL L. NOF Corporation) . F
VZFNLT Iy, sraXBrFL, =F L o7 v, Bigdith, BoKkansiBk, 7T
t Re>7Z 2 (THF), Zueuahi/Lh, YAFNALEFT K (DMSO), A% /—/L, RPMI
1640, Dulbecco's Modified Eagle Medium (DMEM), “X=2U > G, ARL T k<A
diisopropylfluorophosphate ( DFP ) . phenylmethylsulfonylfluoride ( PMSF ) . N-tosyl-L-
phenylalaninechloromethyl ketone (TPCK). iodoacetamide, N-acetylcysteine, B-Nicotinamide-
adenine dinucleotide phosphate (B-NADPH) (LA F. Wako Pure Chemical), kU 7 /L4 cEfg

(Nacalai Tesque) . ¥ A7 / —/L (Bruker Daltonics). 7 V& 21fiE (FBS) (GIBCO). 3-(4,5-
dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide ( MTT ) ( Dojindo Chemical
Laboratories) . & F KIS AR (R LEERA) (ENLRPitE RERERE 2 —X20
b7 E . AR COMMICE L CTRE v # —OMEEB RIS TERRBW I ZWe), £
DOMLOFAFHL, TR OFFdh 2 FIV 72,

2.2. esSPEG-ZnPP 1 X I etPEG-ZnPP DA%

2.2.1. Bis-diaminoethyl protoporphyrin (PPED) D&%

PP ® PEG LT H 7202, T PP L =F L U7 I U &fEA SH72 PPED 24 L
72, 100mg ® PP %, E L ¥ 27— —7 (Nacalai Tesque) C—BFifH X 7= 20 mL @ THF
IR S LT, ~ /X F v 7 AF—F—FHWTHE LN 025mL O F ) =
FNT I ZHFICXVIMA Tz, ZORISEKIZ, HH T 0 °C IZm=° L7 0.34mL O
saaXEEFLEK 10 T TPo< D Lz, K ET 20 SHOSESE, SHITE
i (25C) CTl10 OGS ¥, g/ e~ 777 4— (TLC) (FL—F U AT
60 Foss (MERCK) , EBIVASL : 7 ooV /A% 7 —v =9/1 (vv)) 12X 0 Fesdth  (REAE :
09 DAKR Y K), Al (AHE : No.5C B 150 mm (ADVANTEC)) L. RREKYZFREL
2o AEZEENLL, B—% Y —x /SR L—&—Z T, BE T, S0°CHIRKRT THF 8 &
ORMKIGDO 7 v a XBcF L E2REL, 72 MRALT 4 U UEET 2T V25, 22 20



mL @ THF Z %, 58RI, TAIRA NV TENR LT AR T T 223, HE»
CH24mL D-F L U7 Iz A, T, 71 bR 7 4 U gD 27 /L THF
ERETFETICED 5 RINTTho< W EMMAT, TO%TVEDLET T A TERL, =
i (25°C) TI15 MBS STz, BOCO#RIEL, TLC (REE: 0 U5im) (72720, s
Bfa)), BELOHPLC (REFFFHE: 6.3 47) I XV MR L7, fEsdtk, n—X U —xz /R L —
H—% FWTHUE T, 40 °C ORI T THF ZFRE L1z, SO AmmIc, EiO 40 mL
DAERKRZMAIRER E L, £z mOokik (8,000g, 547) [Tk vkdLz, Zo#Ex
EESAIRMICIZIEEAIC2 D E TS [ LT, ZOWEWIZ 10 mL OAEKE
Iz, PR, Bk (VD-800F, TAITEC) L. Ao PPED #157=,

RIZ PPED OG- AAT 572, 100 mg OARNER D PPED (2 100 mL D2 & w2 k/L L%l
Z. 70 °C DRI TREIIAR S, 50 g DiEMET /L2 F (Wako Pure Chemical) %/l
Too PRERLUEER, BEF (EE~REKE) 2RV, IRWT S50 mL O v Ry h/=F L
YUT R0=99.8/02 (viv) A, HFEUEER. E Re) 2Rve, Zo#EE S
[ D K LA T-72, TDOHS0mML D7 B afR/LA/=F L U7 2 0=95/5 (viv) A
UEER, BIE RARE) 2R LT, ZOBREL RIENHIAIZR D E T4 D IRL
fTolz, BN L7 BiEZE A L, RSy ZRE LT, B—% U —x R L— & — THRUE T,
40 °C DRI TZ m ARV L EZRELIZOL, K L7z 100 mL OZREKZMA, HRL
PPED % iz .Lo48fE (8,000 g, 4 °C. 547) ICCESHEI LT, ZOEEEZ X 512 2 [l
DI LATo 72, IRUNT 10mL OZREKZ NN 2 RE% . BASHEE 21TV, fRl S/ PPED %

&7,

2.2.2. PEG-ZnPP D& FE : PEG 1L PP (PEG-PP) DARE L UHHF L — Mt

T NI RANVTEN L2 AR T T 232 5mg @ PPED # A, ELFaTF7——7
WX VRENIK L7 aak % 20mL Mz, ~7 3 F v 7 AZ—F =20 HEELE
fif X¥7-, esPEG-ZnPP (Fig. 2A) % ARKT 572912, S4mg DT AT )4 A7 PEG (ME-
020CS) # 3 [=] (18 mg/[]) |Z431) T 30 43[fkw T PPED RICIN 2, TV G H T AT
FReL, Fil 25°C) TA4RFMMUS ST, 4%, RONEIRIZ 0.5 mL DA F ) — )L %
Mz, HHMCH I RV ATEEE Lz 3g DIE®ET AV IFT I T 5 (B 25em, &S
0.5 cm) (Zil L, WHESZ [ L7z, [\ L7258 20 mL OE KA LI- B KZ2 N,
SR E— M THE%, 7 r RV AEERIL LT, FESKRE— M7 aa Rz Mz,
ZOEMEE SEIRED IR LATo 72, BN, m—& U —2 SR L — & —Z W TRE T, 40°C

=}



DRI T r RV L EZRELEOL, HGONTAERYZ 10 mL O7ZEE K CTHRAF S ok
Wil L. esPEG-PP %7547,

WIZHigA % ¥ L— b SH 5728, 100mg ? esPEG-PP % 7 /L 2 7~ A /LGl L 72 100 mL
DF A7 Z A2 Z AN, 20mL D7 v a RV hEZMx T I 3T v I AZ—F—ICL VR
L TR S E, 360 mg OFFEHSAZ N 72, TV 57 A THEE L, =i (25°C)
T 1 RHBOS ST, ST A =2 R VHIE (U-3900, Hitachi) 1229, 409 nm @
WS 422 nm (237 R 95 2 L& L7zth, v —# U —2 /KL —& — % T
JETF. 40°C DRI T mr R LxREL, GO AR AR KE IR SERITIEMRE S
72, 10kDacutoff 7 1 /L & — & 4E75 L 72 [RF} A1 (Labscale Tangential Flow Filtration System,
Millipore) % V>, @BFEIOFEEEHEHEN A FRE%, BAETEIZ XY esPEG-ZnPP %157,

etPEG-ZnPP (Fig.2B) A DOEIL., = AT /L% A 7 PEG (ME-020CS) Oftb v [z=—
TNH A7 PEG (ME-020AS) % H\WT Lid & RO HIETHEREIT 72,

2.3. Bis-diaminoethyl zinc protoporphyrin (ZnPPED)J X TF succinyl ZnPPEDs (mono- and bis-
succinyl ZnPPED)D & i%

ZnPPED (Fig. 7B) # AT 5720, T/ I HRA /L THEN L7z 100 mL DOF 27 5 =
22 5mg ® PPED # Afl, ELFaT7——TIZE VMK L7 makiLb A% 20 mL
Mz, =7 RXF 7 AF—=F =X LEM I, 15mg OFfgilithaZ Mz, 08
bEN 7 AR TERL, il (25°C) T2 RS S iz, AR A R R X
V. 409 nm OWIBEKRH 422 nm IZ3 7 b5 2 L 2R LTk, n—Z ) —2 /R L—X
—ZHWTHIET, 40°C DRI T/ ua kL azBE L, BN AR 20mL OKG
L7-7R8/K%Z N %, ZnPPED % jm MEfE (8,000 g, 4 °C, 574%) ([ CRESHEINLZ, =
DEEE S S5 VIR LITo 72, ROT 10 mL O KZ N2 IGHEE ., B iRz1T
VM, ZnPPED % 1%7-,

Succinyl ZnPPEDs (Fig. 7C. D) Z#&RKT 5728, TV A LTl L7z 100 mL D
27 5 23\ 5mg @ ZnPPED # A+, EL ¥ 2T ——7 |2 L0 itk L7~ THF %
20mL MR T2, 73T v 7 AZ—F—IZLVEB LIRS, £ 2127 mg DEKka s
Brmz, T0EbET 7 AR TERL, =i 25°C) TSRS ET,

2.4. BYHEBELRIE (dynamic light scattering; DLS)
PEG-ZnPP % U lEfk@E AR AK (PBS, pH7.4) [ZEME S, LR 045um D> U >~



V7 4V H— (Advantec) i L7-DOL, KEET (#R) #od DLS-7000HLs ZfEH L.
Ji Laser (He-Ne) : 632.8nm, angle (°) : 90.0°, FE®[FIH : 200, 1R IL 25°C THIEZIT - 72,
Maequardt VEIZ THENT 24TV RIFEZFHRI L 72,

2.5. BEEgks v~ v 57 4— (HPLC)

HPLC & H A4 ek &4E (JASCO) #o> HPLC AR > 7 PU-2080. LE41 IR G EEM H
#UV2075 (AT 7 L—F—~DM N A7 —/iT1V/1.0AU), BLOA T 7L —F—
807-IT integrator (/X7 A —& —f%iE : ATTENUATION: 32mV F. S.; CHART SPEED: 5 mm/min;
MIN WIDTH: 0.10 min; MIN HEIGHT: 100 uV; MIN AREA: 100 uV; DRIFT; 0 pV/min; DOUBLE
WIDTH TIME; 0 min; NOISE LEVEL: 10 pV) ZA#/fl L. % 7 A1 Asahipak GF-310 HQ column
(7.5 x 300 mm) (Showa denko), 'L 7 ¢ /L% —|d Asahipak GF-1G 7B (7.5 x 50 mm) (Showa
denko) ZfEH L7-, WBEABIZ DMSO/A & 7 —/=30/701Z, 10uL/L 2725 X5 kY 7
NABEREEZRIN LI b O L, JitEiX 0.8 mL/min, &P 415 nm (2317 5 W
ZRH LB L, Yo7 ViEARIL 20 ulL Tdh 5, PEG-ZnPP <X° PEG U1 O E B
T A= omEEEZFIA L 2 —2 OEBEEAFHIOS T 54 B — 7 mEEOEIE (%)
ERH L,

2.6. MALDI-TOF MS

PEG-ZnPP 35 XU PEG-ZnPP @ PEG $HUIKH DfEtir 72 %, MALDI-TOF MS (T X %47
Fw&HE %217 > 72, MALDI-TOF MS (% Bruker Daltonics #1:#¢> Autoflex 11 TOF/TOF % {i ]
L7z,

THF (2 fi# S 72 PEG-ZnPP (100 pg/mL) 10pL &2 F /7 —/L (10mg/mL) 10 uL %
J<EAEL, 2O 1L &% —%5 v 7L —  (MTP 384 target plate ground steel T F, Bruker
Daltonics) FIZHet, R CTHBESETRAEELZ R ST, ~AAXT MUWTHER Y
7 kw7 =7 flexControl (Bruker Daltonics) % W THIE L7z (V3T A —F —FJE : method:
reflector positive mode; shots: 200; frequency: 100; laser power: 10-30%), ~ A A7 K )L ODSiFHT
X7 — X WERH Y 7 7 = 7 flexAnalysis (Bruker Daltonics) % F\ 7=,

PEG $HEI#1X, HPLC Z W THE E— 7 AR SmLEIN L, v —% Y —T /KL
—Z —ICTHIET. 40°C DRI TA L / —NZEREL, 10 mL OFREKZ N2 120 5
Wl A AT o 7=, BN HAR%E 20 uL @ THF TR S, THE SRS ET-V 2T/ —

(10 mg/mL) 10 pL & L<EAL, ZO 1 uL ¥ —%5 > R 7L — K (MTP 384 target plate
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ground steel T F, Bruker Daltonics) IZ3H, il TS E CRAMKEZER I T, <
AANRY FVITHIER Y 7 b7 =7 flexControl ZHWTHIE L7z (NT A —HX —FTE :
method: reflector positive mode; shots: 200; frequency: 100; laser power: 10-30%), ~ A A7 k
IVOFENTIZT — XL Y 7 F 7 = 7 flexAnalysis & FHV 7=,

2.7.PEG-ZnPP DR EM /PEG SEIWHERER (invitro) : ME, EFMEMEIESX—F, E
R P e Sl N 2 A b LB

fLH TP PEG-ZnPP O EME % FHAM 9~ 5 72912, esPEG-ZnPP % 7213 etPEG-ZnPP (F#&
JREE 1 mg/mL) %, 10%EimiE (v b, Uv¥¥F ~v A Fv ) Z&T PBS (pH 7.4)
(ZVRfiE S 37°C 12 C—E WA % L. HPLC fi##r 217 > 7=, esPEG-ZnPP TiX, =R 7 7 —
€'Y 7 aT 7T —EHEA|O diisopropyl fluorophosphate (DFP) (1 mM) %z 7-%6
b AR O I % 1T > 7=, DFP /X PBS (pH 7.4) THAWNL THW=, —ERHEFHE%. 10 uL
Y 1mL @ HPLC O BEEECINZ | 150 BE% (10,000 g, 10 43) . BIEZ B L, HPLC
HEZ1T -7,

EBSHARR N C D PEG-ZnPP @ PEG $HUIWIIE 2 FEl 35 72012, EREKEY X — bk (=
U AR S-180, B MRS A) O EEEZHWE, RiGE, BEEEE ST X — M LEZD
B, L BE% (10,000 g, 4°C, 20 43) B L7=H O % 72, esPEG-ZnPP % 7213 etPEG-
ZnPP (Fi&IRE 1 mg/mL) % | JEBEAET X — b BiE (X 037 E & L T2 £7201F Smg/mL)
Zade ) UERAREE (pH 6.2) (ZIAfR S, 37 °C 12 C—EWlEHE L. HPLC @i 21T -
Too X7 EIEFEX bicinchoninic acid (BCA) L&MW THIE L7z, S-180 REVR— I
B (X7 E LT 5 mg/mL) WLEEEE, esPEG-ZnPP TlX, 7'u 7 7 —EEHID N-
tosylphenylalanylchloromethylketone (TPCK) (1 mM). phenylmethylsulfonylfluoride (PMSF)

(1mM) . leupeptin (10 pg/mL). F 7213 iodoacetamide (1 mM) %M Z 7256 RO LER

#{T- 72, TPCK [T % / — )L PMSF X DMSO |Z{FEfif X & CHW =23, =& 7 —/L<° DMSO
DEAEIRFEIL 0.1%1272 5 XK 912 L7z, Leupeptin 35 & O iodoacetamide 1%V > Eek&E#Z (pH
6.2) IS HTHWE, B PRIBBAFREY R— b EIE (#2378 L LT SmgmL) ML
PREE, esPEG-ZnPP Tl N-acetylcysteine (100 pM £ 721% 1 mM) &Nz 72356 b FlEEOQLEL
#1777, N-acetylcysteine (% U > FEREMENK (pH 6.2) \ZIRME X CTHW =, —ERFEIFRE %
10pL B2 Y 1 mL 0 HPLC Doy B BE &, =00 (10,0008, 10 7). EiFZ RN L,
HPLC MIE %1727z,

IEHAHA PN T D esPEG-ZnPP @ PEG $HUIWHEZ 54 2 7212, esPEG-ZnPP (&R

11



B 1mg/ml) %, ~ U AEFMEBAETR— N (Mg B T o LE (Fo3s 8L
LT 2mgmL), F72idb MEFH KRGS T 2 — FO BE (¥ X7 E & LT 5Smg/mL)
Zate PBS (pH7.4) I SH 37°CICCTRAE Lo, —ERHFHER, 10uL Y 1mL O
HPLC O yBfEasEicinz, =00 % (10,000g, 10 47), EiG# B L, HPLC JlE %17 -
77

2.8. Mk

MR AW RIS Th— M7 L—7 | BEGRE ., H D WVITEFRIREE SO b
D&M L, WRIEOMRBL, AFRICITEE L2 PBS (pH7.4) ZMEH L7-, & TOERIETY
U= R F N THEEICA T 72,

b NMEMERETE A M (K562 AifR) 1%, Mlats#% 7 + »~ ¥ = (9p=100 mm, Corning)
(2T, B L72 10%FBS B L OHUAEME (=2 U > G 100unit/mL, X F L7 h=A ¥
> 100 pg/mL) Z¥ANL 7= RPMI1640 % VT, 5% CO2/95% Air, 37 °C THERZE L7z,
3~4 RAFEIT, Afe 4 DEME (800 pm, 547) TEUX L., 10 5 BRIZ7Z2 D K O IR AT
-7,

b MEERAE LR VRN (KYSELSO #ifd, 2 At o 2 —igear AT E] 1
TR VIRV e) B MRS AMINE (HT-29 MifR) 1%, MlassET + v = (o
=100mm) (2T, 10%FBS BLUOHAEME (== U > G100unit/mL, A hL 7 h=A
> 100 pg/mL) Z AN L7 DMEM % H\\N T, K562 ffificl & RIS Th 48 L7z, 3~4 BT,
025% KU T B LV RIlRE T ¢ v > 2B HIBE L M 2 = O EAE (800 rpm., 5 47)
TEUL L, 10 fE5HRIZ22 2D X D ISk E T 7,

2.9. MAFAPVER Y AL 2RER
K562 Mz 12 7 = /L7 L— k (7 = LDEE ¢=22.1 mm, Corning) |Z 5 x 10° cells/well
(2725 KO L, —BRREERRIC, B2 20 M (ZnPP 1) (2725 K 9 1T esPEG-
ZnPP. etPEG-ZnPP, free ZnPP, % 7=(% ZnPPED % il X 7=, esPEG-ZnPP & etPEG-ZnPP /% PBS
(pH7.4) |2, free ZnPP & ZnPPED % DMSO |Z¥&fif & 72, DMSO D HRAEIEEIL 0.5% TH
%D, —EREHEIE RS, M2 w0 EE (800 pm, 543) TEUX L., =R PBS (pH7.4) T
3MEPEEH L7, £Dtk, 7ua—H4 A kA KU — (FACSCalibur, NipponBecton Dickinson) T
HERINIZE Y JAE 72 ZoPP HROHOEIREL 2 E L7 (bR 488 nm, 0K E FL2
(585 nm =21 nm)),
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HT-29 fif 4 ERC & RERICRERE L, —MBEREERHZIC, HAIREDY 20 pM (ZnPP X&) (2
72 % X 912 esPEG-ZnPP, etPEG-ZnPP, free ZnPP, F7-1X ZnPPED %z 7-, — ERfEILG %
%, B ZBRE L, MiaZz =R PBS (pH7.4) T2 VS L, 0.25% U 7o CHIEES
B OERIE 800rpm, 547) TEHEUX L7z, o cMifld~Ly MI1ImL DA X ) —/L%
Mz, HEERAE (30 W, 30 s, Hielscher) THALA kAL 72, & 0#A/E (10,000 g, 10 57)
%, REZREIL L, SOEO0EERE (FP-6600, JASCO) C ZnPP RO HEOAHIE L7z (i
LR 420 nm, HOGH R 590 nm),

2.10. EER L — Y —BFEHMSERAR
7 x /) —/VL v RAREO DMEM % AWVWC, KYSELS0 Mifldz 7 AR NLAT 4 va
(p=35mm, R THE (BR)) 122 x 105 cells DML THERE L, —HREE%IC, &
FEURFEDS 30 UM (ZnPP % &) (2785 K 51T esSPEG-ZnPP, etPEG-ZnPP, free ZnPP, F7=i%
ZnPPED %% 7=, —ERFEIRGE%, WEA L — —BM8E (Eclipse TE2000-E, Nikon) %
FWT MR D ZnPP RO g 4 8142 LT (Bl R 488 nm, # L K 565-615nm),

2.11. KRR

K562 #ifid &£ 7213 HT-29 i % 96 7 = /L7 L — K (Corning) (Z 3000 cells/well {272
DX IR L, —WBib5# %, esPEG-ZnPP, etPEG-ZnPP, free ZnPP, 72! ZnPPED %
MMZ 7o 72 RERIZIC MTT IEIZ L0 MR AR 2 IE Lo, MR L0 Bl Sz dRr~
WK1 DMSO TS ®, ~A 77 L— kU —4— (Infinite M200 PRO, Tecan) %
T 570 nm OWOEEE 2 IE L7z,

2.12. HB AT RDER

THHEEHOT., 1707,

S-180 AHAEIL ddY ~ o X (HPE) LBk W EEA) DERENICEREG L, B3XZF7~10H
BT R L2 b O 2R Lz, S-180 H8 A~ A%, AHAHE/KIZT 2 x 107 cells/mL
(CHHEE L7 S-180 Ml %, ddY ~ 7 A (MEPE, 638in) OWEOLAS | 22T (Gt
27001 12, 0.1mL (2x 10°cells) TR FIEST 5 Z & TIERIL 7=,
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2.13. HUEEZ AR

JEBOERENBELZE 4 ~6 mm 27257 S-180 A A~ 7 A2, 15 mg/kg (ZnPP X &)
D4 PEG-ZnPP % JR#FAREE G- L, aRBRHIR o o IES AF R L OVRE 27 L7, ISR
X AEANTEE mm (L), & mm (W) ZHEL, 3EX UEGEE (mm?) =W2x
L/2) ICKVEHLTE,

2.14. PEG-ZnPP D ENEIRER X O PEG I H3BR (in vivo)

BB OB AN L # 10 mm (2725 7= S-180 AN A~ 7 12, 40 mg/ke (ZnPP M%&) O
% PEG-ZnPP % HlIk#E 5 L | 24 BRI V= F N m— T )URBMC X 0 2558 S8, £ 15mL
DAEFRIEK CRET % SdsZ i U7z, SlEss 2 FF & L. IBds 100mg &H7-= v 12, 500 pL
O HPLC Dy BEaIE 2 N 2 72, KIS CTHRE T A W — TR &2 iltfe L s D4 BiE#% (10,000
g, 1043), RiFZBEIL L, HPLC JIEA1T -7,
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3. ERER

3.1. esPEG-ZnPP 35 X UF etPEG-ZnPP D& K

Figure 2 |Z esPEG-ZnPP 3 £ U\ etPEG-ZnPP DA A F— L& Rk LTz, ABFFETIEL, F
FTPPIZ=TF L UT IS SHEZPPED 24K L7z, @ PPED (2, N-t R ¥ 2
734 IR (NHS) = AT VTIEM LSz AT V% A7 (es) PEG E£72ld=—T /L4
A 7 (et) PEG %54 & T esPEG-PP £ 7213 etPEG-PP A L. #%IZ PP #0CHidn %
¥ L— b &8 T esPEG-ZnPP %7213 etPEG-ZnPP Z/EHRL U7z, KAV A ~<2 b VHIE
\ZE D, PP OWRIFGEARA 409 nm /75 422nm (237 R L CW e Z &b liganFL—h &
NIz Z L AR T & 72 (Fig. 3A, B), HPLC fi##TIZ & ¥ | esPEG-ZnPP 35 X UF etPEG-ZnPP 3t
2, ENENEHIRR] 7.5 2O B — 27 35 6072 (Fig. 3C, D), F£72. ZnPP @ 422
nm (23T DI FE-S & VERL L 72 &R 7> & . PEG-ZnPP O ZnPP & &i% esPEG-ZnPP &
etPEG-ZnPP 37K 10% (wtwt) Th 5 LH S 47z, PEG-ZnPP ' ZnPP & A &%,
FRETHI 12% (wywt) ToH Y | I ZIFHEFRIEIE D &\ O Tl PEG-ZnPP 2 6 C& /2L
2B, AFEFTIEINLZHW,
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OC(O)OEt

Ethyl Ethylene
chloroformate diamine
_—
OC(O)OEt N
& ~ONH,
o]
protoporphyrin IX (PP) bis-diaminoethyl protoporphyrin (PPED)

(A) Ester bonded PEG (esPEG) (A) Ester bonded PEG-PP (esPEG-PP)

o]

0
Il o
<NOCCH;CH; +CREDD

o

PPED —|
(B) Ether bonded PEG (etPEG)

Zinc acetate
_—

(A) esPEG-PP
Ester bond

s

ZnPP Linker

Zinc acetate
_—

(B) etPEG-PP

Figure 2. Synthesis of (A) esPEG-ZnPP and (B) etPEG-ZnPP.
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esPEG-ZnPP

350 450 550 650
Wavelength (nm)

(C) esPEG-znPP

———

NN

1 i
I I 1
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......... etPEG-PP
etPEG-ZnPP

350 450 550 650
Wavelength (nm)

(D) etPEG-ZnPP

[ I I I
0 5 10 15
Retention time (min)

Figure 3. UV-VIS absorption spectra and HPLC analyses of esPEG-ZnPP and etPEG-

ZnPP. UV-VIS absorption spectra of (A) esPEG-PP and esPEG-ZnPP or (B) etPEG-PP

and etPEG-ZnPP. HPLC analysis of (C) esPEG-ZnPP or (D) etPEG-ZnPP.
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3.2. PEG-ZnPP O PEG $HEIW7 4 D sy Bl HH

AIRFHZ I T PEG-ZnPP @ PEG $HEIPEIL. PEG SH N UIBTILAE L 7= 45 (PEG $4
Ulre) % HPLC CTHhiEliti 35 2 & TfT -7z, PEG-ZnPP (Fig.4A-i, peak1) % @Eh¥ifn i
HONIIEEREY R — P EIEE A v X 2= a5 L IRHFER 8.3 43, 11.2 57, 11.8
. 128D 45O — 7 R S 7z (Fig. 4A-ii, peak 2-5),

HPLC JlEE O EMEMCHEBLMEORGFHE, S-180 FEY X — M EE (X X7EHLELT
S5mg/mL) 5T 50mM VU U ERREEK (pH 6.2) H1C 72 R§f#] A o F 2 _X—2 3 1 L7z esPEG-
ZnPP Z W TITo 7o, & B — 7 P HRF ] O FE AR E(R 22 (relative standard deviations, %RSD)
1% 0.1%A4 (Table 1), 45— 27 HAEME D%RSD 1% 3.7% A T -7 (Table2), & HIT4
E—7 (peak 1-5) OEMMEAFHI, A FaX—Ta UHidA rFaX—Ta % (728
M) THERETR LN -7 (Table3), ZALHDFERN S, 20 HPLC IZ K 2 gt
IED BN EMEIC KR E RMEIT VW EEZ BILD,
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(A-i) 1 (A-ii)

£

Peak 1 (7.5 min)
(intact PEG-ZnPP)

Peak 3 (11.2 min)

Peak 2 (8.3 min) Peak 4 (11.8 min)

N

Incubation 2 Peak 5

g (12.8 min)
21

intact PEG-ZnPP

: mal i O oy
[ I | | [ T I |
0 5 10 15 0 5 10 15
Retention time (min) Retention time (min)
(B) znPPeD _ ‘
(6.5 min) Succinyl ZnPPEDs
(11.2 min)  (11.8 min)
N
f
il
{'-' / \Free ZnPP
R (12.8 min)
IR
) ._J\{ AN . R
I T [ I
0 5 10 15

Retention time (min)

Figure. 4. Analyses of PEG-ZnPP by HPLC after treatment with blood plasma or with
supernatant of tumor homogenates. (A) The peak of intact PEG-ZnPP, the original
sample (A-i), and peaks of the cleavage products after incubation of esPEG-ZnPP with
10% mouse blood plasma for 6 h (A-ii). Similar results were obtained for cleavage
products of esPEG-ZnPP incubated with supernatant of mouse and human tumor
homogenates. (B) Peaks of standards: free ZnPP, ZnPPED, and succinyl ZnPPEDs
(mono- and bis-succinyl ZnPPED, synthesized), measured by using HPLC. The

different concentrations of the compounds were analyzed by HPLC.
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Table 1. Average, SD, and %RSD for retention time of each peak at 72 h after incubation of

esPEG-ZnPP with supernatant of S-180 tumor homogenates (final conc.: 5 mg/mL protein).

Peak 1 Peak 2 Peak 3 Peak 4 Peak 5

Average 7.536 8.325 11.175 11.761 12.789
SD 0.005196 0.008 0.008 0.005196 0.005196
%RSD 0.068951 0.096096 0.071588 0.044181 0.04063

Table 2. Average, SD, and %RSD for peak area of each peak at 72 h after incubation of esPEG-

ZnPP with supernatant of S-180 tumor homogenates (final conc.: 5 mg/mL protein).

Peak 1 Peak 2 Peak 3 Peak 4 Peak 5
Average 34842.67 86364.67 51290.33 78296.33 55772.67
SD 1284.869 2983.864 735.5986 641.1375 1979.071
%RSD 3.687632 3.454959 1.434186 0.81886 3.54846

Table 3. Average, SD, and %RSD for total of peak area of all peaks at 72 h after incubation of

eSPEG-ZnPP with supernatant of S-180 tumor homogenates (final conc.: 5 mg/mL protein).

Oh 72h
Average 309975.7 306566.7
SD 3929.408 3260.975
%RSD 1.267651 1.063708

3.3. & PEG $HUIWr D EHEE
£ — 7 13FENFSEEEIN L. MALDI-TOFMS Z AW THFEOHIESS. Ak L1
ftiifb &% > HPLC fiftr 2175 Z & T, 4 PEG $HUIKr D fE 2 HEE LT-,

3.3.1. peak 2 DAEHT
MALDI-TOFMS (2 X 55 F8HIEIC L Y | JeD5E47% PEG-ZnPP (peak 1) [3F4455 1
#5 5,000 TH DA (Fig. 5A) . peak 2 1359 3,000 Doy T 8EAFF> TN DH T LNl
(Fig. 5B), Z @ peak 2 {%, esPEG-ZnPP OA/) 5 LA S7eir- 7= (cf. Fig. 8), T
HDZ LMD, peak 2 LT AT IUFEE NN S v, 518K 2,000 @ PEG 843 1 AW
Bt L 7= 1 AREH esPEG-ZnPP T % L HEE S L7z, F£72 DLS # T, PBS (pH7.4) 1 CTOD

20



1 AR esSPEG-ZnPP D VBRI FE 2 E L 7w R, PR 749 170 nm DB —D ' — 7 738
Bt &h (Fig. 6B) . JTEDOTEA7R 2 AE{0 PEG-ZnPP (CF¥JKI 2549 260 nm, Fig. 6A) & [F]
BRIZED & LTHEITE D Z VR SNz,

S 5
5, S,
2> >
Z 2
5 g l
k= z [y
= il Ui
'-"’"'” i el ”“;"w:l ""’u. AN 80
2000 3000 4000 5000 6000 7000 2000 3000 4000 5000 6000 7000
m/z m/z
227.136 (Dithranol) 224424 (Dithranol)
227.141 (Dithranol)
= = g
Ko © 5,
= = =
= i =
685.788
471318 37605 496 g o 567.573 791.827
| |
0 200 400 800 1000 0 200 400 600 800 1000 O 200 400 600 800 1000
m/z m/z

Figure 5. MALDI-TOF MS analyses of intact esPEG-ZnPP and cleavage products.

MALDI-TOF MS analyses were performed with dithranol matrix. Mass spectra of (A)

intact esPEG-ZnPP (peak 1), (B) peak 2, (C) peak 3, (D) peak 4, and (E) peak 5.

(A) Intact esPEG-ZnPP

NN W
o w» o

—_
o o,

o o,

Scattered intensity distribution (%)

1.0

8.0

63.6

507.7

4050

Hydrodynamic diameter (nm)

(B) Mono esPEG-ZnPP

30

N N
o (4]

R
o O,

o O\

Scattered intensity distribution (%

7.4

55.2

410.4 3050

Hydrodynamic diameter (nm)

Figure 6. Hydrodynamic diameter of (A) intact eSPEG-ZnPP and (B) mono esPEG-

ZnPP were measured by DLS in PBS (pH 7.4).
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3.3.2. peak 3, 4, 5 DOfEHT

MALDI-TOFMS (2 X %7 +&HI7E TlE. PEG iR EO = AT UAELGRLT 2 REFAMN
Yl S 7z PEG SHEITICHR S 3 50 FEE — 7 I3 SN o 7228, 418 1,000 LA
rov—7 R &iZe -7z (Fig. 5C. D, E), i\ T, PEG $HUIKM) Osi{L &% (Fig.
7) AR L. HPLC ffHTIC CHSHIRFE] O LR 217 o 7, SRk L 7Bt b & 9 OB ks
%, freeZnPP (Fig.7A) 7% 12.8 4y, ZnPPED (Fig.7B) 7% 6.5 %3, succinyl ZnPPEDs (Fig.
7C. D) N 11243EL 11893 Th o7z, TiD % Figure 4A-ii DFKE—7 LI 5 & | peak
3. 41, succinyl ZnPPEDs & —3# L. peak 5 |& freeZnPP & —%t L7z, LLED Z 225 peak
3. 4. 51X PEG #4 & ZnPP MDA FHE S A3 G0 S 41, PEG $H2% 2 A & & 52 R Wi L 72 A=Ak
MThdLEZLN,

(A) Free ZnPP (B) ZnPPED

Figure 7. Structures of (A) free ZnPP, (B) ZnPPED, (C) mono-succinyl ZnPPED, and
(D) bis-succinyl ZnPPED.

22



3.4. MIEF TD esPEG-ZnPP 1 X U\ etPEG-ZnPP DEZEN:

PEG {LHA AANCIN T, 54 EPR VR L 2 mWIERFERMEZ G 5121E, mf T

ETHYEIFELTEHTELHIENEETHD, £ TlHFTD PEG-ZnPP DLTE
PEIZ DWW TRHRFETT 572912, esPEG-ZnPP 5 X U etPEG-ZnPP % Z 414U PBS (pH7.4) IZ¥&
s, fxoBmEE (v b, UYF 7y POV TR) % 10%I2725 X 912z,
37°C TA U F a_X—3 3 > L, &EFAIC HPLC 12 X 5 f##T 24T - 72, PEG-ZnPP [Z8 T,
JLD 2 A PEG-ZnPP (peak 1) & 1 A$H{ PEG-ZnPP (peak2) % PEG #{fEAARTH Y, Moy
FLLTHEITELZENHEETHLD, AR TITLEMEOFEE S LT, A F =
R—3 3 %D peak 1 & peak 2 DE{LZ o, Figure 8A I esPEG-ZnPP 35 L U etPEG-
ZnPP O peak 1 DE b E/R L7z, £F. esPEG-ZnPP (2B W TIE, A »F =2 X— 3 VIREfH
FRih & 3R12 peak 1 OBOB RSN, ZORADIT~ T AT v FTHL, B bRUH XTI
o7z, —J7. etPEG-ZnPP TiIA »F 2= 3 % b peak | OZ(LA R 5, TTD
2 AREH PEG-ZnPP OF £ Th 7=, IKIZ Figure 8B |27~ L7z esSPEG-ZnPP @ peak 2 DA%
WD &, ArFax—Ta VR peak 2 WAERI NN, BICHD Lz, v AL
7w e B T F Tl peak 2 DD AE < | 24 R O TIXH 8 (58D peak
23D | 48 BEREITR DREATIL 5~ 6 55D peak 2 235% > T 7=,

(A) (B)

100 100
etPEG-ZnPP
) esPEG-ZnPP

L

0 10 20 30 40 50 o g2 0 10 20 30 40 50
. i Incubatlon time (h) . s
Incubation time (h) Incubation time (h)

esPEG-ZnPP

Figure 8. Stability of esPEG-ZnPP and etPEG-ZnPP in 10% blood plasma from
different species at pH 7.4, 37 °C, analyzed by HPLC. (A) Changes in peak 1 for esPEG-
ZnPP and etPEG-ZnPP, and (B) changes in peak 2 for esPEG—ZnPP, after incubation
in 10% blood plasma of human, rabbit, mouse, or rat blood plasma. The inset of (A)
shows changes in peak 1 for esPEG-ZnPP with magnified scale. Symbols in (B) are
same as those in (A). Values are means = S.E. (n = 3). H, Human; Rab, Rabbit; M

Mouse; R, Rat.
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3.5. MEEH TD esPEG-ZnPP DEZEMIIHT DT R T T —BHEF DR

i 2 QE) MIEZE VT, LFIZ351F 5 PEG-ZnPP DR EMZ AT L7- & Z 5. esPEG-
ZnPP TIXPEG iU SN T=d, ~ U AR T v b EHIT 5 L, B MU FomfEfh T
LG 2 E C, IR TOLEMICITEZN R 6z (Fig. 8), ZOifdCtod PEG $DY)
WOBLEE VX, IS DMK REESR OB G- 13E 2 iz, Bl XM o= 27 7
—BIEMHITREIC Lo TR D Z ENHE SN TVHE, 22 Tl TOREMEIZESGT 5
KFB L OFEEDFREZ BT 2720, =275 —F /v o 7ar7—PHRERNTHS
DFP 177£ F, b Mi#EER L O~ 7 A MEH CO esPEG-ZnPP O ENEZ ik L7=, b i
HCO peak 1 DI E KO peak 2 DAL, DFP fFE FTHRERELITR N0 -7
23 (Fig. 9A, B). peak 2 ORI L Tik, DFP f#/E F CHIfIZh R A S 7z (Fig. 9B),
— )i~ AMIEDOEA 1L, DFP 174E F T peak 1 3 X 08 peak 2 DI/ 13 48 Wil #4 £ TPl &
Fu. B MEE L DFP OB K EN-72, L= > T, esPEG-ZnPP ¢ PEG £HYIIHT
IRMAET AT 7 —BREE L TWD Z 2RI, MEDFKIZL > TWnD B %
bile, £/ DFP i3t Y o 7e 77 —EBHEAITLHY ., Y e T T —EORELE
X BHiD,
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100 100
80 = H + DFP
o) —0—Human )
< 60 —e—Human + DFP < 60 1
= ——Mouse £
S —&— Mouse + DFP S 40 A M + DFP
o o

0 10 20 30 40 50 0

10 20 30 40 50
Incubation time (h)

Incubation time (h)

Figure 9. Effect of DFP (1 mM) on stability of esSPEG-ZnPP in 10% blood plasma from
different species at pH 7.4, 37 °C, analyzed by using HPLC. (A) Changes in peak 1 and
(B) peak 2 for esPEG-ZnPP after incubation in 10% human or mouse blood plasma
with (solid) or without (open) ImM DFP. Symbols in (B) are same as those in (A).

Values are means £ S.E. (n = 3). H, Human; M, Mouse.
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3.6. ¥V REFESE IR — b EIERTO esPEG-ZnPP 1 L} etPEG-ZnPP O PEG ${5IHT
#

PEG LS N= @ TAEHIS AFKITIX, EPR BRI K » CRIIICIESICER L, B
M TELHOD, HIIASDOIRD IALBZIMA I TND, £DTD, +43 7Mila N ER Y
IABRPURIG N R 215 D T 012id, JEFHITER L72#(C PEG SH O IBES 2 2 L %
T %, = T PEG-ZnPP OESEHCO PEG $HUIWHEZ I 5729, EEFET X — b
Z T, PEG $HSERICHMLTE peak 3. 4, 5 BER IV L00E D et LT, HEEEREE
T, fRBEROTUEZR EIZ X D M pH (pH7 LA F) 12725 TV D Z & VA HAL TN S @24),
AMFITIL, esPEG-ZnPP 33 L 1N etPEG-ZnPP % Z 24 50 mM VU > EekEERR (pH 6.2) (2
RS, S-180 BB RETY X — b B2 X /N7 BHiREL L T2 £7/21F Smg/mL 12725 &
INTMZ T, 37°C TA v FaX— gLz, S-180 EEAE YR — b LIERFMOSHE
I%. 72 K§[# 1% £ T esPEG-ZnPP 75 peak 3 38 L TN 4 DRI A ST, peak 5 DAERKE 5%
DHTohoTeH, EIHFIINRET BIE &3 X ORFRIIKFRIIC peak 3, 4, 5 QAR HEINLT-

(Fig. 10A, B, C), —J5. etPEG-ZnPP T|% S-180 JEEKE Y X — h ki (X 7L L
TS5mg/mL) WIMFFZBNTH, WTFhoe—27 DA S R bhiesoiz,
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Figure 10. Cleavability of PEG chains from esPEG-ZnPP and etPEG-ZnPP after
incubation with supernatant of mouse S-180 tumor homogenates (final conc.: 2 or 5
mg/ mL protein) at pH 6.2, 37 °C, analyzed by HPLC. Yield of (A) peak 3, (B) peak 4,
and (C) peak 5 after incubation of esPEG-ZnPP or etPEG-ZnPP with supernatant of

tumor homogenates. Notations of bars in (A) apply to (B) and (C) as well. Values are




3.7. ~ U REERE T F— b EEFTOD esPEG-ZnPP ® PEG $HUIMHEICRT 5 70T 7
—EHEFEA DR

JEEHRE Y — b BIGEEINT % Z & T, esPEG-ZnPP Tl PEG $HUIKI A S
5 Z Lngyinotz (Fig. 10), MG CTIX, BBOREOTDIHR4 2707 7 =805
FELTNDZ ERMOENTEY @, esPEG-ZnPP @ PEG $HUIT BRI 59 2801 & L
TG 7 v 7 7—BIZER Lic, ARFTIE, B e 7 7 —EBlHFAIRT AT A 70
7 7 —EBHEHID esPEG-ZnPP O PEG S{UIMHIEIZ KT A T Lz, € DR, PMSF
1% 72 K[ A0 L C peak 3 DAL ZIT E A EIHIT 5 2 & 0343 iro 72 (Fig. 11A), £ OMLD
PHEAIE peak 3 DARLZMEI L7223, £ D%hRIL PMSF KLV 55< ., TPCK. iodoacetamide,
leupeptin DNETH o7z, Fiz, FHET vT 7 —BHEBEANC L > T peak 4 DAL S ] S 4L
TeDy, Z OMBIZNRIL peak 3 (X 2HHINE LV 592 o7 (Fig. 11B), T4 H DFER K
D, BT aT T =RV ART AT T T =8N peak3, 4 DEAICHGE LTS LS
2o, —F5H, Ff7a 77T —EHEAICE 5T peak 5 OAEMITMEHEZILTEY (Fig.
110), o7 v7 7 —Bi EOBROELGNE 2 T,
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Figure 11. Effect of protease inhibitors on depegylation from esPEG-ZnPP incubated
with supernatant of mouse S-180 tumor homogenates (final conc.: 5 mg/mL protein) at
pH 6.2, 37 °C, analyzed by HPLC. Yield of (A) peak 3, (B) peak 4, and (C) peak 5 after
incubation of esPEG-ZnPP with supernatant of tumor homogenate in the presence or
absence of the indicated protease inhibitors. Notations of bars in (A) apply to (B) and

(C) as well. Values are means £ S.E. (n = 3). *p < 0.05, a significant difference from

(1)(2)(3)(4)(5)
i2

(1)(2)E)4)(5)
48

(12)3)4)(°)
48
Incubation time (h)

tumor homogenate (T), according to Student’s 7 test.
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3.8. ¥ U RIEFEMBFE T I — b EEFR TD esPEG-ZnPP D PEG S{ K4

S-180 EFF DI & & [FIERIZ, ~ 7 AIEE /%A VT esPEG-ZnPP @ PEG S{UIIr 4 % 15
Lo, AREICIE, ~ v A EFMME (Mg, B, i SE'Evx— b EE (P78
L LT 2mgmL) Z5E¢e PBS (pH 7.4) 17T esPEG-ZnPP % A > F =X— 3 » L7=, PEG
D ERIANT AR OB E T 5720, peak3, 4, 5 DAEREREFIZ B LT, B
MR Y3 — b ETEUSINRE S PEG SHUIWIITAERL S, T OAEREAFHIIFH TR L %
<o FROTHESS, B, MUEOIETH - 72 (Fig. 12). FFlEZ < Bk i L, i
MRk T X W %< O PEG HEIWM A A S D 2 &Ry ho Tz,
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W
o

N, no supernatant

S, spleen

K, kidney

L, liver

T, mouse S-180 tumor

NN
o

X
o

Yield of peaks 3-5 (%)
3 o

o

Incubation time (h)

Figure 12. Cleavability of the PEG chains from esPEG-ZnPP after incubation with
supernatants of homogenates of different mouse tissues, analyzed by HPLC. Yield of
cleavage products (total of peaks 3—5 combined) after incubation of esPEG-ZnPP with
supernatants of tissue homogenates of mouse spleen, kidney, and liver (final conc.: 2
mg/mL protein) at pH 7.4 or with supernatant of mouse tumor homogenates at pH 6.2,
37 °C. Values are means £+ S.E. (n = 3). *p < 0.05, a significant difference from no

supernatant, according to Student’s 7 test.
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39. B PRBBAB LU MEFEKBRHERSIE X — b EEF TO esPEG-ZnPP D PEG $H
~ 7 AR OEE L FERIC, B NOKIEN AR I OIER K% HV T esPEG-ZnPP @
PEG $HUIMME 2 Gt L7c, & PRIBDSAKREY X — b EIE (X037 EE LT 5mgmlL) %
&t 50 mM U UERFEENR (pH 6.2) T, esPEG-ZnPP %A »F aX—T g Lk A,
~ U A5 S-180 DA L [FERIZ, PEG $HUIEM (peak 3. 4, 5 DERN) DOAEMB AL
(Fig. 13A),
Figure 11 £ ¥V esPEG-ZnPP @ PEG #HUlrict ) > 77 7 —EB LV AT A4 71
TT—EREALELTWDLZERNRBINTR, YATA T T T —RBIIANVI T h X
SRV TFAALA PR EOBRTAICEVIEH LN D Z ERMbNTWD, 22
T, & PRIBBABEY F— b EiEZ2ET 50mM U > ERFEEIK (pH 6.2) 12, N-acetylcysteine
ZUI LT PEG $HUIBH % 2 /5t L7255, N-acetylcysteine RUSHIRFIZLE~X PEG #4514
(peak 3. 4, 5 DEF) OAERIMEE XN (Fig. 13B),
F7o. B MEFERIBOKRET R — K B (0 327EE LT 5mg/mL) %5 T PBS (pH
7.4) T esPEG-ZnPP %A > ¥ aX—3 3 Lzt Z A, PEG $HUIKM (peak3. 4. 5 D&
i) AT SRIBEDRADOEA LV Vo7 (Fig. 130), ZNHOFEREX Y | v MO
BHZFB T esPEG-ZnPP 726 PEG SHUIWIIZ AR S v, & OARE T ER MR & g L

2N LRIl
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Figure 13. Cleavability of PEG chains from esPEG-ZnPP after incubation with
supernatants of human colorectal tumor homogenates at pH 6.2 or human normal
large intestine homogenates (final conc.: 5 mg/mL protein) at pH 7.4, 37 °C, analyzed
by HPLC. (A) Yield of cleavage products (total of peaks 3-5 combined) after
incubation of esPEG-ZnPP with supernatants of tumor homogenates. (B) Yield of
cleavage products (total of peaks 3—5 combined) similar to (A) in the presence or
absence of activator of thiol proteases, N-acetylcysteine. (C) Similar to (A), tumor tissue
vs normal large intestine at 24 h after incubation. Values are means + S.E. (n = 3-5).

*p < 0.05, a significant difference according to Student’s 7 test.
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3.10. esPEG-ZnPP, etPEG-ZnPP, PEG ${EIEr# DMk AER ¥ iA A

PEG {b3EHI OHIFINEL Y IAZ L, PEG SHOBHEICZ Lo TUEIND Z LA BT
%D, PEG-ZnPP (23T PEG SO L 2 MIBNE W AANLE S D0 E D Dkt
L72o ARG Tl PEG $HEIMT D€ T M AbA4) & L T free ZnPP (Fig. 7A) & ZnPPED (Fig.
7B) Z M\ T, esPEG-ZnPP X° etPEG-ZnPP & AHAEINEL Y iAZ D ik 24T > 7,

% ZnPP FHE KT K562 Mifa 2 U L 7= & X ORI ER W A AL, RERMEAFROIZ M L
TH Y., esPEG-ZnPP X° etPEG-ZnPP X ¥ % PEG $HUI4 (free ZnPP 35 L O ZnPPED) O JF
DN E o7 (Fig. 14A),

HT-29 M ~D Y A DN T B [FIER DR RGBT (Fig. 14B) . [ (ZnPP
) O ZnPP fFEMRIT, A%/ — L TIRIEREBEOEIEA LT FVE X O 28 L
727=% (data not shown), A% /— /L ChlitH U724 ZoPP 58RO W2 i+ 2 2 &
WZ X VHIRNERY AR EE I TE T2 Z 2 bLD,

F72. KYSE150 #iifid Z PEG-ZnPP X° PEG $HUIEr#) T 2.5 IRFfEJALERT: . MBS L —H —
BEMMEE CHIZT 5 &, esPEG-ZnPP X° etPEG-ZnPP L ¥ %, PEG MU (free ZnPP 35 LY
ZnPPED) DOV IAHZEINZ N &3 D B vz (Fig. 14C),

S HICEHERALIL, PEG $HUIMME 4 A7 % esPEG-ZnPP 23, etPEG-ZnPP X ¥ & el
WHER D IAZDSHENZ & TH D | K562 Mifld Tk 8 Rl t21272 % & | esSPEG-ZnPP D HL Y A A
DI etPEG-ZnPP LV $,%< 720 | AEEN L L~ (Fig. 14A), HT-29 T 16 FER
VB2 725 & esPEG-ZnPP DHLV IAZBED HNEL 720 AEEMNR LN (Fig. 14B),
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Figure 14. Intracellular uptake of esSPEG-ZnPP, etPEG-ZnPP, free ZnPP, and ZnPPED.
(A, B) Intracellular uptake (A) in K562 cells measured by FACS analyses and (B) in
HT-29 cells quantified by fluorescence intensity. The insets show comparison of
intracellular uptake of esPEG-ZnPP and etPEG-ZnPP (A) after 8 h in K562 cells, (B)
after 16 h and 24 h in HT-29 cells. Values are means = S.E. (n = 3). *p < 0.05, a
significant difference according to Student’s 7 test. (C) Confocal fluorescence
microscopic analysis of KYSE150 cells treated with esSPEG-ZnPP, etPEG-ZnPP, free
ZnPP, or ZnPPED after 2.5 h incubation.
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3.11. esSPEG-ZnPP, etPEG-ZnPP, PEG S{EIWi#H DM

FURIPER 0 AT O LRIt & . MR FE D LB R 417 5 720, K562 i (Fig.
15A) & HT-29 #lifa (Fig. 15B) % 4% ZnPP #5E4K T 72 IRefH]ALB L 7=, K562 MR35 5
ICso IXZLE XL, free ZnPP 7% 0.97 uM, ZnPPED 7% 0.85 uM, esPEG-ZnPP 73 2.88 uM, etPEG-
ZnPP 73 39.1uM Tdh - 7= (Fig. 15A, Tabled), K-> T, Ml iAZO#ER & [FREIZ, PEG
LI 5 PEG-ZnPP X U @\ illa M2 79 & 612, PEG 84U % 9~ % esPEG-ZnPP
23, PEG $HO U A3 WL 54072\ etPEG-ZnPP L U @\ lila ez 7R L7z, HT-29 Mifaicisuw
THAEROFE RS DA, ICso X2 T4 free ZnPP 723 4.16 uM, ZnPPED 78 2.82 uM, esPEG-
ZnPP 73 27.7 uM.,  etPEG-ZnPP 73>100 pM Td - 7= (Fig. 15B. Table 5),
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Figure 15. Cytotoxicity of esPEG-ZnPP, etPEG-ZnPP, free ZnPP, and ZnPPED to (A)
K562 cells and (B) HT-29 cells after 72 h treatment, analyzed by MTT assay. Values

are means = S.E.
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Table 4. ICsg, IC39, and IC19 of esPEG-ZnPP, etPEG-ZnPP, free ZnPP, and ZnPPED against

K562 cells.

Drugs ICso (uM) 1C30 (UM) IC10 (uM)
esPEG-ZnPP 2.88 1.76 0.61
etPEG-ZnPP 39.1 2.71 0.41

Free ZnPP 0.97 0.65 0.32
ZnPPED 0.85 0.56 0.24

Data are calculated from the results in Figure 15A.

Table 5. ICso, IC30, and IC1o of esSPEG-ZnPP, etPEG-ZnPP, free ZnPP, and ZnPPED against

HT-29 cells.

Drugs ICso (UM) IC30 (UM) ICio (uM)
esPEG-ZnPP 27.7 2.77 1.03
etPEG-ZnPP >100 73.4 2.61

Free ZnPP 4.16 1.64 0.14
ZnPPED 2.82 0.65 0.15

Data are calculated from the results in Figure 15B.
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3.12. esSPEG-ZnPP 1 X 1} etPEG-ZnPP O in vivo FLIEE SR

WIZ, S-180 LAY A~ 7 A % VT esPEG-ZnPP 1 L O etPEG-ZnPP @ in vivo HUEEEZ)
F% LWRET L 72, Figure 16 (2”3 X 512 15 mg/kg (ZnPP 4 &) @ esPEG-ZnPP %7213
etPEG-ZnPP % Z 4L 3 IR FHRE G L, SRR, BEY A AR ELWE LT, £
DOifi . esPEG-ZnPP Tl etPEG-ZnPP X ¥ & EZOHHINGIR D & <. ARRENRD
N7z (Fig.16A), % LT, esPEG-ZnPP Tl etPEG-ZnPP X ¥ & EfFHIMNER Sz (Fig.
16B), F7-. esPEG-ZnPP X etPEG-ZnPP D512 L o TIREA 72 E OB & 7 BIVE I
Rohienoi- (Fig 160),

ARRFTCIX, esPEG-ZnPP & etPEG-ZnPP O HERFINHMTH D Z & F - ¥kiANE
O free ZnPP Z H5-3 5121%, Hl 21X DMSO 72 EZFIAT 2 HERH D Z &5 invivo i
NG RARFHE free ZnPP 1AW dr o 72, F 7o, free ZnPP 134 5725 LT & A EDFIES
IR FE L. IEBERIIIER IS 70N 2 &3 0r o TN H 19,
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Figure 16. Antitumor effect of esPEG-ZnPP and etPEG-ZnPP at 15 mg/kg of ZnPP
equivalent in S-180 tumor bearing male ddY mice. Vertical arrows indicate i.v.
injection time of drugs. Values are means £ S.E. (n = 5). *p < 0.05, a significant
difference from etPEG-ZnPP, according to Student’s 7 test. (A) Antitumor effect of
eSPEG-ZnPP and etPEG-ZnPP. (B) Survival rate of S-180 tumor bearing ddY mice

after treatment. (C) Body weight change of S-180 tumor bearing ddY mice after
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3.13. esPEG-ZnPP X L O} etPEG-ZnPP D{KNEIRE & PEG SHEIRTHE (in vivo)

BT, S-180 S A~ 7 2 % IV T esPEG-ZnPP 35 L U} etPEG-ZnPP O §#fk#% 5-1% D
{RNENRE & PEG $HEIPEIZ DUV T HPLC & AW TR L7z, §lREE G225 24 IREfE 1% . &5fH
&~ PEG-ZnPP D /3fiite (peak 1 - 5 D& GEHE) 1%, M PEG-ZnPP TIXITFEME T, JEEE
b AEAITR O~ T (Fig. 17A), —75 T, PEG $HUIEME, S £ Y PEG SHUIWM
DEREIZKZ @O BV, FlkE G705 24 Rtk #56LEkN © PEG S48 4=
% (peak3. 4, 5 DARIE) %D L. esPEG-ZnPP TIIMEEHHLE N T PEG SHUIWHH D A=Ak
NEIZE SN (Fig. 17B), L2>L7eds 5. etPEG-ZnPP [FHEEFAREN TIZ & A ETLD etPEG-
ZnPP (peak 1) & L CTFfE L. PEG $HUINOERITIZ E A R SN/ > 7= (Fig. 170),
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Figure 17. Tissue distribution and PEG cleavability of esPEG-ZnPP and etPEG-ZnPP

in S-180 tumor bearing male ddY mice after i.v. administration at 40 mg/kg of ZnPP

equivalent, measured by HPLC. (A) Tissue distribution (total of peaks 1-5 combined)

of esSPEG-ZnPP and etPEG-ZnPP at 24 h after administration. The inset shows amount

of each PEG-ZnPP in tumor tissue with magnified scale. (B, C) The amount of each

peak in each tissue at 24 h after administration of (B) esPEG-ZnPP and (C) etPEG-

ZnPP, using results in (A). The insets show amount of each peak in tumor tissue with

magnified scale, respectively. Values are means = S.E. (n = 3). Amount of peak is

described as the area of the peak.
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3.14. esPEG-ZnPP > 5 O PEG SHEIRFHERE A 7 = X A

Figure 18 |Z esPEG-ZnPP 75 D PEG $HUIWHEE A 7 = X LIZHONWTE L Tz, EEGHR
FVFR— M REREEZAWTZRETT,. PEG $HUI) (peak 3 - 5) DAL, 1 A$H esPEG-
ZnPP (peak2) DHEDITLEWEIEZRSNT-, ZDZ L%, PEG 84U (peak 3-5) MTd 2
A5 esPEG-ZnPP (peak 1) 7 & EHEAEK & D D Tid7e <, 1 A4 esPEG-ZnPP (peak2) %
MUTHEREND Z EERBELTND, DFE D | 1 K PEG-ZnPP DAL S 572 % PEG #4
OYIBHZ M T, G CIX 7 a7 7 —E2MEA L, 1 A8 PEG-ZnPP @ PEG $H{D Ykt
DS, PEG HDFERITHMNTZUIWI B S LD B2 Hivd,

%72 esPEG-ZnPP & etPEG-ZnPP [33L127 X FiEGE %A LTV 553, etPEG-ZnPP | in
vitro 3 Z T in vivo TOMFT PEG $HO UMW 25215 2oz, 2D Z L b, PEG #4801
BT 57 mT 7 —Ee EOREFEIX, PEG 4% 2 AfEA LIoREETIIIEERIC L - T
ERTCEZRWATREHENRE 2 HiLd,

PEG $HUIWH#1X, PEG & ZnPP IO = AT /LiEEH H\NXT X RiEEBNEUIRr Sz b
DETHRINDD, —KAINCT I FEEIE=ATAREE LV EEE S TWD, Lo, f
RET <207 Ry ZRAOT I REER, 7 v MFBO AT R — F T4
L LT END LWV HE S RHNDE, L7z -> T, esPEG-ZnPP (ZEBWTH, A7
DPEGEHMNMBEL /=D BHIZ, 7 I FREEOUIbEZV 9 5B bND,
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Peak 1
intact esPEG-ZnPP

Peak 2
mono esPEG-ZnPP

NH;

o]
Mono-succinyl ZnPPED

N
8] 0]
\ ZnPPED Free ZnPP /

Figure 18. Conceptual mechanism of sequential cleavage of PEG from esPEG-ZnPP
and the putative structures of cleavage products. Once PEG chain is detached at ester

bond in the dotted box, amide bonds indicated by dotted arrows may be cleaved.
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4. BE
PEG {bHi23 A PEG-ZnPP 1, 4y & L C%Eh L EPR ZhRIC & - TR A e 5L
FEMERG N D073, L L7 N 5 JE?D ZnPP & Fe~HIIEPNEL Y A B MR Z & 2355700 |
fttd> PEG {LFEH) & [FIERIC PEG ¥ L < IZjE L 726G%40), K 5T, PEG-ZnPP @ PEG i34
Wrsiudomn, LD X5 I2UlEns Dh, X 5I2% 0 PEG SHYINHE ISR B Y A
SPIEFNRICED L O BN L0PHONCTHZ LIFEETHDH, £ 2T, FHx
DRFFE 7 N—T AR LTz 2 FEfH O PEG-ZnPP, 372 H PEG S A= AT ViER %
£2 esPEG-ZnPP, & 5 W\\ET—7 /Lf5H % FFD etPEG-ZnPP % AT, PEG $HfE & H0iE
W (BRSSO 12X D PEG SHUINHEDE W ORI L TRE 21T 72,
i 2 OB MIEE DTl TOZEMEZ MR LT & 2 A, etPEG-ZnPP T34 < PEG
SOV BLEEN L SR 0y > 7243, esPEG-ZnPP Cid PEG SHOUIMIMIEEL R Hav, 1 A8
PEG-ZnPP (peak2) 28BS N7z (Fig.8), FA4IXLLANIZ, esPEG-ZnPP 36 K UF etPEG-ZnPP
™, JCO free ZnPP L 0 M AP AMEICHE L, EPR B RIC L » CrRWEEERE 2 R Z L %
BN L TR YO ARBFIEIZIW T S | IR A B < IEFHRE & b~ TG~ DS REMEA
WD L EHED T (Fig. 17A), +4372 EPR VRO 70121, Al M P 2 @ L
VIZHERF L C, IE D BIRNVHE TR 2B SBRERH Y | Fex OWZEZ V—T7TiX, FoH
FHEWIC BV CEE L EEdiis 6 KLl E& @G L Tna @), <o 2fita vz
FREFTC, 4~ 6 FEfiIf% £ THY 60 ~ 80%7% PEG #5 &K (peak 1 & peak2) & LT~ TUWVoZ
&b (Fig. 8) . esPEG-ZnPP (X IMIEIEER TIZ—E&D PEG HA U SN2 b DD, HorT
ELTH R TX 5 2 E0VRB I 7o, & 51T esPEG-ZnPP DIl F 2 EMEIZBIT 5
B/ EIE, B M TILPEG AR (peak 1 & peak 2) & L TOLEMN, ~ T AT v
FEDEWZ ETHY, BRIZEBWTEPR 2HRIC X 5 @G ERE NG TE 5,
~ U AB IO NOEEHMFRE R — O EFEEZHWT, BEEHACTO PEG Sk
P& e L7223, esPEG-ZnPP 75 D7 PEG $HUIEM) (peak 3 -5) DEMMN A H7e (Fig.
10, 13A), F£7=. ZOEEEALTO PEG $HUIEIEEIZIZ, BV 70T 7 —EBRL AT A
I TR T 52 L Sl (Fig 11, 13B), BEBEEALIZI W TIE, Mgt
R~ N T =B lov) T aT T —ER, AT TV B REDVAT A
TuT T —EREHL TNDZENMBN TR @S8O FoFr 7 —BREBEHE L T\ 58
BB T, XV ZhEINIZ esPEG-ZnPP /5 PEG SHEIWM AR S D & IFF S b,
FEBRIZ esPEG-ZnPP % S-180 AN A~ w7 AZEREE G325 &, 12 A EDOIEFE LV
RIS AR 12 2 < £F5 L. PEG $HUITI OB (peak3-5 DAEH HZWZ 03> 7= (Fig.
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17A. B)., MEEHEMLINE R 2 & IFIECHEMES L O PEG $HUIW 23 %7~ 7= (Fig. 17A.
B), MIRICERNZ WV OIL, URIOBRERLTOMOR Y ~—fEE L FEOFERTH Y
03749 PEG $HUINH 3 2\ 2 L1, I Y 722 EOR#MOT-dIc T v T T —E 7 Lot
FELZFFOTNDHILERKBL TS EEZ b, vV RO FEY R — b LiEEH
W BRHER S b~ LTS (Fig. 12), L L, ZnPP [ 3F@tEa 13t A ERERN T &
53732 TE VO, esPEG-ZnPP I W BB RIWEZ R TX 5 L B2 HiLd,

ARV EL D JAZOMIAFEME L, PEG $HEIM D€ T VL&) (ZnPP X° ZnPPED) D%
23] PEG-ZnPP &V N TRV | PEG $HUIWMEZ A9 % esPEG-ZnPP D757 etPEG-ZnPP
X HEATW (Fig. 14, 15), & 512 in vivo PUEEZIFE S, esPEG-ZnPP D J573 etPEG-
ZnPP L 0 HEN TV (Fig. 16), Z OfEFIE, MIENE Y IASSCMa#E I2B L T esPEG-
ZnPP DO J5 A% etPEG-ZnPP X D BN T e Z & & —E3 %, PEG-ZnPP |23\ T, PEG $HD
IR DS I D SABCPUESHEMEIC I CTH D Z L R TE T2,

PEG ¥ L >~ DR O T2, Bl 21355 7B /NS < EHER DRV PEG Z W72 PEG
{LFEAN D BIFC, MIRBSERIED RN TF REAWD T RO & biThhiTn
56050 F | JEIBEL CEIEELL TV D MMP 72 E o7 a7 7 —BIC kY FRRAICYIRT S
NHRTF R%& PEG S G BEA LA R H 2003, Lavl, _X7F FEANTI~TF
RERICHFEIRS T A R30I D E WO RENRH 5,

ABHORER DS | esPEG-ZnPP | % EPR Z0RIC & o THBHIERE L%, BN 7 0T
7 —BIZ X 5 T PEG $HUIWH 23 A ik S5 7200, TEBSAIIPN ~D B0 AL F#IZ D72 2N ) |
PEG ¥ L 2~ DOfRRNFIREIZ /2 5 Z L DRI ST, Lo T, = AT VA% A L., PEG $#
GIWrE % 7~k esPEG-ZnPP D J573, etPEG-ZnPP X V) & JEEHRIN MR 22 FetE 2 Ff - T
LHEBEZOND, I, T REEREL VKGR EZZTOTVEINTNDHT AT
IVREATH D, b ML TIE~ 7 AMF 7R &L ZEMENEWNZ ER LN,
ZHEZ AT RS E AT D ES TR AKIBRRICE T 2 EE AR TH D, xR
FAAERIL, TATARERICHETAIATF LU RORESEZE 252 L THlENIZL L
VREMENE T Z E NI TR YY) (i H TOREMESIREHNL T PEG SAEIHMEDH]
N7 L WIFFTE 5,

PLE, KL 0 & oz mmidns | PEG 72 E & W izmay e AR BT, =
AT NVFEEOFMIZL Y PEG ¥ L v~ OfPom O EERIYEZ H Lz & it o
FIDOBFIZ SR D Z EBHFS D,
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E3E RFLrvlAUyBaR)<w— (SMA) BEE I ET v OENEIEER LU
FESE I R DO

1. HFx

v 7 /LB L v (4'-O-tetrahydropyranyldoxorubicin, THP) | K /L E'2 > (doxorubicin,
DOX) OFFERD—>T, BPEEMFE, kY o/ SE, BGH A A LA 7R EDOIRIZH
WHILTWET Y b I7HA 7 ) U RIBAKITH L), FRA Y AT —E I OfER S
XV, G2 WiTHIfuEIEA (LT, BEMAEBEEIE 5 2 & THERENR 2 R370097, X
512 THP |Z, DOX X W EN KM AR > T\ D Z LR b TV 5, fil 21X, THP 1 DOX
&0 HRINE Y JAZA23 100 f5 L0 BV Z &0, DOX MHHARIC B AR AZFFHT 52 &, £
DOX &V LagthEdMEN 2 & A STV D G860 Las L7y 6, THP 1350 F & 627 DX
STHIRAKITH D . DOX R°F DhZ < DIR THIRS AAI L FIERIC, TEEERLR A~ BRI
MK EBERITI D, 20, EFME~0s b2 < BEREZHE, 58D
HIRIZ S 22235, L7edi> T, THP OEFEMEHE~DOEREMEZ D D 2 L 25 THP O KA
RIZEETHDLH EEZEZ BND,

THP % JEEA R~ SRR S8 5 FB & LT, THP Z &% kL (>40kDa). EPR
R EFIT D TERETEN560, ZAF L b~ LA VDO SN D WSO R
Vv—ThbAHAF L~ A BaR ) ~— (styrene maleic acid copolymer, SMA) 1%, SMA
& HMH UK EAEH oA A AR, E72I3KERE & Vo LGRS Z TR
T 5 Z L TR FID AR Z e Ir AT, LBV AT L2 LR TE LD, RS T
TR AANZ @ AL T 2 DICHETH 5012, £z, SMA [I7 VT I URGHEEAT D2
EMFHITND O, TILT I NIERBRAMEEL G T 555 F T SMA DT VT I Uk
BHEIL, AIOE Y 1AL & P EYE O FICEERETH D, Lo T, AR LV—T
TIZLARNC, SMA & THP BOBUKIERAAEN 22 & OIELAR G ZFA L <, THP Neli
SMA X BV DBAREZ 1T - 7269,

Ll b, R ~— L EYMOIEILARES DA T S NLizm s it AR,
M COREENRF3 72 EERH Y | I A 7ZBEICNEEEY Th D180 His AA
DL ZHHLTLE S MERRE S TNDHE08, S>F 0 M CTEyT & LTHiEEd
W2, TR FIBAFNCE > TLE D E&Fx bivd, —F, FELARAETIEIRL, Bz
RV v =GB E S ETER Lo Ea T AL, GRG0 TERI NG
DAL AR LV b RIS B <. BEFERNE D @B ST 50870,
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SMA IZHNVAXFTNIEEFLTEY, 7 MEAREEZN L TEYZILERKAESED
ZEMTEDRD, WHEBEHOE S EEEH B G IZRFERETH D, Hl 21X, Fins Atk
B R EFRF TIIVTF ) A B F > (neocarzinostatin, NCS) Z#EA SH72 SMA f547% NCS

(SMANCS®) |, AN TES T & LTHEETE, NCS oMt 4m L s &4t
(2. EPR DRI Ko TSR~ OERMEZ =D 5 Z LT L TH 567,

AIRFITIX. SMA Z om0 F1k THP -A O F RO 7291Z, THP % SMA ([Z A7
A &7 SMA #E47 THP (SMA-THP conjugate) % &1k L. BEEE#N 2 W TRl a2
EOFHM, A~ T A% FWTRNBRECHUEE 2 RO 72 & 21T 572,
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2. EBER X OERGE

2.1. ZEBRHE

THP (MicroBiopharm Japan) . Styrene maleic anhydride copolymer (/K SMA, “F¥551
= 1600) (Sigma Aldrich Chemical) , N,N-¥ A F/LAR/L L7 X R (DMF), N =F /L7 X
VrFro—T) FY = haRXeB L ZALER R (TNBS) . 7 v U VKRR T R Y 7 4 (SDS) .
R, U UIiET V7 X > (BSA), RPMI 1640, Dulbecco's Modified Eagle Medium (DMEM),
N=v VG, ARV T hwAvy, =N AT — (L, Wako Pure Chemical) . 73/
MY (FBS) (GIBCO). 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide

(MTT) (Dojindo Chemical Laboratories), & DOl OFRILFAIT, TR D FefkdhZ2 A7,

2.2. B
ddY <7 A (W), Sprague-Dawley (SD) 7 v & (HE) (BLE, Ju#h) . BALB/cCrSlc
~ U x (HEPE) (SLC)

2.3. SMA-THP conjugate D&%

SMA-THP conjugate Z &% 5728, THP O 7 3 J k& K SMA Ok~ LA k%
&S, 7 FEEZEREES 2L & L, 200 mg DMK SMA & 100 mg @ THP %
10mL O DMF [ZHEfRE S 72 3T 20uL 0 N ) =F A7 2 &Iz T, =i (25°C)
T 24 FEFISOG S/ 72, ROt 100mL O Y = F )bt —T )L & 2 TR & 0B S8, i
DHEE (10,000, 1047) ICXVEEA BN L., ZOkEE o =F Lo —7 LT 3 [Ejg
L. NIZFATIvERELE, ZOWEN%E S mL © DMF TSt 7UWigiks
~ ~ 272 7 ¢ — (Bio-Beads SX-1, BioRad) (¢p=30mm,L=250mm) (2L Y, FKH0D THP
%[V 72, SMA-THP conjugate 125> TV DK~ LA VR Z NIRRT D 729012, SMA-
THP conjugate DIE K% 300 mL OZREEKITINZ 7=, WK Z 7RI A% &3 <2 pH
DK TN E D72, pHS5 LLFIZ/Z2 57200 K 912 0.1 M NaHCOs (pH 8.2) %1 F T A,
IR fEIE pH 8 LLFICHE - 72 (SRR, K9 3 B§fE]), W T, 50kDacutoff 7 ¢ /L2 —%4E
& LT[Rk A (Labscale Tangential Flow Filtration System, Millipore) % V)T, DMF % f&
F L., wkE% (UD-800F, TAITEC) (ZJ Y SMA-THP conjugate D¥3K %1572, SMA-THP
conjugate FOT I/ KORMERICIZ, P =haX B 2R CEE (TNBS) EEXHW
7z. THP OEA L, AN R (U-3900, Hitachi) % F\V T, DMF H"C THP O
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480 nm (2B T D2 WE A RIE L, 1Bk LizmaEfia W CEH L,

24, BEKEZ 0~ 757 4— (HPLC)

AR k&t JASCO) #o> HPLC 7R 7 PU-2080 & S84h Al MK S 1 HH 2% UV-
2075 (A>T T L —H—~DHI A —/1T 1 V/1.0 AU), BELOA T 7 L—%—807-IT
integrator (/X7 A —& —3%7E : ATTENUATION: 32 mV F. S.; CHART SPEED: 5 mm/min; MIN
WIDTH: 0.10 min; MIN HEIGHT: 100 pV; MIN AREA: 100 pV; DRIFT; 0 pV/min; DOUBLE
WIDTH TIME; 0 min; NOISE LEVEL: 10 pV) Z{ifH L7-, > 7 WiEA&EIT 20 uL TH D,
71 7 20X Asahipak GF-310 HQ column (7.5 x 300 mm) (Showa Denko) Zffif L7z, 4rBEfaLE
X DMF Z{# L. % 0.5 mL/min, & H21% 480 nm (23515 WG 2 FIH Ui L 7=,
F7-. 717 2 & LT CAPCELL PAK CI18 column (Type MG, 5 um, 4.6 mm LD. x 250 mm)

(Shiseido Fine Chemicals) Z{HH L7 & & O3 BEREBIE 1% Bifg 7 & F= K U 1 (50/50)
T, PEEIE 0.3 mL/min, &2 480 nm (281 2WOEEAFIH Lk L=,

25. VA< N ITTT 40—

Sephacryl S-200 (GE Healthcare) % i\ 7247 & (¢=15mm, L=700 mm) Z{ER L
WEHRIZPBS (pH 7.4) W TIT o7, HKIL 4 mL T ORBRE 2oL, 777 >
3 > ® 480nm (THP) 35X 18280 nm (BSA) DU ZHIE L7,

2.6. BITEE L O —F BAHIE

SMA-THP conjugate % PBS (pH 7.4) (Z{EME ST 2 mg/mL IZFHFE L, fL£% 0.45 pm D
YUV T 4 v H— (Advantec) ZiEL7-D 5, BRI HLELEEE (ELS-Z2. Otsuka Photal
Electronics) Z#HW\ T, FiRIC TR 7R EB—XENMERE LT,

2.7. HHHE

SMA-THP conjugate 2 PBS (pH 7.4) |Z¥f# SH T 10 pg/mL (ZFH% LT, SDS (0.05-
5%) . JRFE (5-9M) F 7213 BSA (10-100 pg/mL) /1L | T, #0655 6 EEE (FP-6600, JASCO)
ZHWTHOE AT MV ZRE LT (b & 480 nm, #OEK & 500-700 nm),

2.8. MfERsE
ML I AW SR B I 2 TA— 7 L — 7RO EEE . 5 A WILE TR % D
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LOEMEHA L, WEREOPFR, FRICITME L7- PBS (pH7.4) i L7z, & CTOHRIEX
7 ) = X FNTEENIZITS 7,

b MESENAMINE (HeLa fIAR) 13, ffaks#T + v v = (p=100mm, Corning) T
T.10%FBS BLOPIEWE (=2 U > G 100unit/mL, A s L7 h~-A 2> 100 pg/mL)
ZUIN L7 DMEM % HNT| 5% C0O2/95% Air, 37°C TE BRI & L7, BLZE 3~4 HEIZ,
0.25% R U ZU B X ViR E T > o = B EIEE L e & O EE (800 rpm., 5 4))
TEYL L, 10 fE5ARICR2 D X 5 ISk E T 7,

~ 7 ARG AKIIL (colon 26 i) 1%, RPMI1640 % VT, E5d HeLa flf & [AER
DT, MREIT o7,

2.9. ML FEMERER

HeLa e & 72 1% colon 26 #Ml % 96 7 = /L7 L — k (Corning) Z 3000 cells/well (272 %
KO L, B8 H%IZ, free THP F 721X SMA-THP conjugate #1272, 72 RE#£IZ
MTT {EIZ & 0 MR AR 2 RE Lo, AR X0 AR S iR L~ 3 @313 DMSO T
WiRSHE, ~A 277 L—hkU—%— (Infinite M200 PRO, Tecan) % F\ T 570 nm OWLE
FE 2 E LTz,

2.10. FFNEY ;AZ 3 L TN SMA-THP conjugate /> 5 D free THP DOFH

HeLa iz 12 7 = /L7 L— b (U = /L DEFRE ¢=22.1 mm, Corning) (T 5 x 10° cells/well
2725 K OITHRRE L, —Bubs %12, RAKIREED 300 uM (THP %4 &) 12725 K 5 1T free THP
F 721X SMA-THP conjugate &M% 72, —ERFHIRGE%Z, HEHZERE L, Mildz =EO PBS

(pH7.4) T2HPEHF L, 025% bV 7o CHIBESH, =m080E (800rpm, 5747) TIHEIUL
Lizo BONMIMASL > RZ 500 ul @ 2 M HREZ & T 60% A % / — /L &%, B~
B (30 W, 30 s, Hielscher) CHifld Z ik L., THP Z /K537 %72 50 °C T 1 RERFEJALE L
72, WUEEE . THP OMKS M 2T 5728 500 uL O 7 v udb Ax Nz, i EE

(10000 g, 1043) . Zm AR/ LEEZEILL, OG5 CEFCRBNICI A E T
THP kot a2 E Lz UphE i & 480 nm, @06 & 590 nm).

HeLa Alfa Z il 7 4 v > = (7 = VOB ¢=60mm, Corning) (T 2 x 10°cells £
FEL, —BREs%10, BRARUEEED 300 M (THP 4 H&) (2725 K 9 IC free THP % 721% SMA-
THP conjugate % Iz 7=, —ERFfIRGE%, A2 FRE L, MRz =i{ED PBS (pH7.4) T2
FIBEF L, 0.25% KV 7L CHRHIBESH, &=O080E (800rpm, 547) THIUL L=, o7z
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AAE~ L > MIZ 300 uL O DMF Z 0% 72, JKHIZ TEERALE (30 W, 30's) Tl 2 flft:
L. mOEE% (10000 g, 104y). EiEZEI L, HPLC JIEZ{T- 7=,

2.11. HABA~ T ZDIER

TRTOEYERIT, SRR TFEMEREZB 2B L OSSR 281 5T
THHEO T, 11072,

S-180 AMARIL ddY ~ 7 & (HEME) DOIERIENICES- L, BLZ 7~10 BB L2
HOEMEH LTz, S-180 i A~ 7 Al AFEHE/KIZT 2 x 107 cells/mL [ZFH%E L 72 S-180
IR 2 . ddY ~ v A (HEME, 6 i) OEHOLLE 1201 (GFF2 201 12, 0.1mL

(2 x 10°¢cells) TOR FIEHNT 2 Z & TERLT,

Colon 26 Ml IARNEE AR T v & 2 (T THR LI b D & ff ] L7z, Colon26 A3 A~ ¥
A, ABRAIEKIZ T 1 x 107 cells/mL (ZFH%E L 72 colon 26 AL 2 . BALB/cCrSlc ~ 7
A (HEYE, 6 8fR) OWFEOLELAS 128 (B2 2287 12, 0.1mL (1 x 10°cells) 925
THHT D2 & TIERLT,

2.12. (ANENRBRER

S DA I L 10 mm 1272 572 S-180 13 A~ 7 A2 10 mg/kg (THP 4 &) D4
LAY KIC IR S H7- free THP %7213 SMA-THP conjugate % §ffRi% 5 L. —EFEM%ICY
TF LT —T VRIS K 0 e S PR RHUK TR, SlEas A Lz, Klifasa
Fre L, J&E% 100 mg H720 12, 1 mL @2 MEERRE &1 60%A ¥ / — /L&A, RETF
A W — TRk Z i L, THP Z /KR35 728 50°C C 1 REELEE L7-, JLEEt%, THP O
KGR Z T 57207 v a RV LAz, mOEE (10000 g, 1057) 2, 7 ok
NVAJEEENL L, # SR T THP HROE A IE Uiz (Bl R 480 nm, fie Kt
YR 590 nm)

F7-fEEZ SD T v b (HEME, 6 M) VT, U oRE (IBRIEY 38, B

(RBEE H3R) % & e Rk~ DA & [0 ik TR LT,

2.13. GUBEBEZIRAR

JEBOERNI L ZE 4 ~6 mm (272572 colon 26 AN A~ T A, F 721X S-180 A A~
U ANZAFE K IC YRR S 72 free THP % 721X SMA-THP conjugate % §fikf% 5- L, X5
It OIS AR L OMEE 2 WE L, BEARIT F 220 TRE mm (L), A mm
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(W) ZHlE L, 3HER RS ARE (mm’) =W2xL/2) [CX0EHLx,
$72 colon 26 TIE, K NG BB AR & 5 2 L3 H LTV 502, 2 Z T colon
26 HEFET% 50 HEH (RMEBA4EH 40 B H) 12, 10 mgkg D= U A7 —Z§fkEEG- L, 24
KefElte, ~ U A& VT —T VR K0 IS, K 15 mL OEBREEK TR
%, Wiz Lz, =AU AT —1C L 0 HRICR A SN EBIEER 2Bl L, T 0%
A L7z,

2.14. FHEOKET
it 70 ddY ~ 7 & (fEPE, 6 8ER) 12, free THP (5mg/kg) 1% 18], SMA-THP conjugate
(10 £ 7213 30 mg/kg THP 4 &) (%1 H 22 T 2 [FIE AR Uiz, H&&& G505 36 Hefiitk.
L%, 2 #8E®%IC~Y T 2% Vo F Lo — T UM K0 RS, migE R L, [
MmER, RMEK, ~Ervvy TARIXUBETI ) 702727 —8 (AST), 77=
Y7 A7 =T —% (ALT). HEMKFEREFE (LDH), 7 L7 F %) —F (CK). MK
JR#EEEF (BUN), 7 L7 F =2 (CRE) 22\ CaHfi L7,
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3. ERER

3.1. SMA-THP conjugate DA%

Figure 19 {Z SMA-THP conjugate D&l A F— A&7k Lz, ABFFETIL 200 mg @ SMA

& 100mg @ THP 7> 225 mg @ SMA-THP conjugate 7345 5 4172, SMA-THP conjugate @ THP

HHEIT. 30% (wwt) THO . 1 AKD SMA (CEHJ4yFH1600) (2% LT, THP &5+ (4

FE627) N1 OFEALTWAZ LR INT-,

o]
A
WM | DMF
HEgh + e >
HC o triethylamine
CHs 24 h
0. .0 at room temperature

HsC
o) DwW
CHa —
O o8 0.1 M NaHCO;,

DAL e

o 0

STl

H; H H

HE—0— ﬁ+c—c —a—g—}ET

SMA conjugated THP (SMA-THP conjugate)

Figure 19. Synthesis of SMA-THP conjugate. Chemical structures and conjugation
pathway.
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HPLC ZHW e i 7 v~ ~ 275 7 ¢ — (17 2 Asahipak GF-310 HQ column, 43
BEVAIE : DMF) (2 X > C. SMA-THP conjugate [Z7C0 free THP & bh~| B &M K& 72451
EROTWND I ENRGMNY . SIHIZIED free THP SO fifW) 78 &% & A TWVRWZ &35
-7z (Fig.20A), ¥7-. 577 L% CAPCELLPAK C18 column, ZyBEALLE 1% FEig/ 7 & k
=k U (50/50) IZE X T EHEROMEIRNFEHIL. SMA-THP conjugate |% free THP %
BTV RWZ EEB B L7e (Fig. 20B),

(B-i) 6.317 min

Free THP 115.0 min J

L

A_,m_awmmﬂmﬁw_‘_'__\\w (B-ii) 5.725 min

SMA-THP /6.3 min

conjugate || L
| | N

0 (B-|||) & 5775 min

Ak 6.292 min
UJi

Figure 20. Gel permeation chromatography of free THP and SMA-THP conjugate by

using HPLC. Eluate was monitored at 480 nm for THP. (A) HPLC analyses of free THP
and SMA-THP conjugate by using Asahipak GF-310 HQ column with DMF as eluate.
(B) HPLC analyses of (B-i) free THP, (B-ii) SMA-THP conjugate, and (B-iii) mix of
free THP and SMA-THP conjugate by using CAPCELL PAK C18 column with 1%

acetic acid/acetonitrile mixture (50:50).
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66V T, TNBS 7% T SMA-THP conjugate F OWFHET 2 / FhatiEB& L= 24, 72
J I E o 7= (Fig.21), 2 0 SMA-THP conjugate LK% 11 C conjugate 754k
EFVSEERERKT D EEZLNDD (cf Fig.22), HmiEtEAlZ v U ki Y o A
(SDS) ZWMNT % Z & TEDOEEWITAET S (of Fig.23A), £ Z T, 5% SDS iRINKEIZ
t, SMA-THP conjugate 17 X / O A TNBS £ CTRARER, 7/ KidmHSh
2o 7- (Fig. 21), 2B Z E XD THP kDT 2/ HiX, SMA L OfEA THE SR
TeEE2 b5,
F72. Z® SMA-THP conjugate (L= VKM EZ R L, PBS (pH7.4) (T 150 mg/mL (free
THP & LT 45 mg/mL) LA EDORECEMST 52 L3 0hoTz,

0.8 -
E 0.7
Q0.6
~ 0.5
4+
3 0.4
% 0.3
202 l
E 0.1 SMA-THP conjugate -
< 0 *m—mu——®H . _ I

0 100 200 300
THP equivalent (puM)

Figure 21. Detection of amino group in free THP and SMA-THP conjugate, measured

SMA-THP conjugate
+ 5% SDS

by TNBS method.
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3.2. KR FIZEIT 5 SMA-THP conjugate DEAERTER L TV T I VAR
IKEEIEH T SMA-THP conjugate D&%, £3 DLS Z/HWTHETL72& 2 A, PBS
(pH 7.4) 1 CW-HIRI1-£8 18.9 £ 10.0 nm DRI MBI ST\ D Z & AR S 47z (Fig. 224)
ZDZ END, 2D SMA-THP conjugate 77 MV EAR L, AR ETR L TnDHEB XL
%, B—XENMITPBS (pH 7.4) HT-3238mV TH Y, SMA OHDEEITHI- 40 ~ 50 mV
72D TR DD MR H T,
Wiz, ZAHlra~ N7 T 7 4 —% RO COKBRTIZE T %58 & f# T L7-, PBS
(pH7.4) T 1 ODhi & L TFET DI ENREI (Fig. 22B, SMA-THP conjugate alone
(no BSA)) . Z D ENT D41 &I 62kDa & B Sz (Fig. 22C),
SMA DOEZERFHEL LTI AT I UREGRRH Y . FEROE S FICA RN TH 20,
% ZC. SMA-THP conjugate D7 /L7 I UifEEREL, 7 U RIBIMET V7 I (BSA) &7
AW~ N 7T T 4 —E AN TRHRE L7, PBS (pH7.4) H1Z. SMA-THP conjugate |5 2
mg/mL, BSA T 1 mg/mL £721% 10 mg/mL (2725 X 5B L, 10 004 > Fa—T 3
Yk, TVAHEMT a~ N7 T T 4 —%1T o712, SMA-THP conjugate [Z7 /L7 2 > & OFEAHE
ZaRL, LOKRERGTERY, TATIVHEEGEREEKT S Z LB 0ho7- (Fig.22B),
ZDOTIVT I UAEGIROEIL BSA OREEFIZIEI L7z (Fig.22B), £7-, 10mg/mL ®
BSA fHE F CTOREREHMWT T AT I VA RO RNT 05y F &% RD 1= L Z 5 140kDa
EHEM a7z (Fig. 220),
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Figure 22. DLS analysis and gel filtration chromatography of SMA-THP conjugate.

(A) The hydrodynamic diameter of SMA-THP conjugate at 2 mg/mL in PBS (pH 7.4),

measured by DLS. (B) Gel filtration chromatography of SMA-THP conjugate in the

presence of different concentrations of BSA by using Sephacryl S-200 with PBS (pH

7.4) as eluate. Eluate was monitored at 480 nm for THP. (C) Results of gel filtration

chromatography. The apparent molecular weight of SMA-THP conjugate in the

presence or absence of BSA was calculated by the calibration curve based on partition

coefficient (K,v) using molecular weight standard markers.

57



THP [ZENWETHY | & d 2 & CEAEERT DM (iR 480 nm, fkH®
Y 590 nm) . PBS (pH 7.4) 1T SMA-THP conjugate %% Y613 free THP & Fbi L T 15%
FEICIHI S TRY , wOMEN A b7z (Fig.23), Z O®GIEIE. Sl tEAl SDS
ZUSINT % 2 & T S 41, 5% SDS 774 F Tl free THP OFJ 70% F THe A3 A8 L 7= (Fig.
23A), AREFTHV 0.05% SDS 125 S /L (CMC) LR TH 553, CMC BLF DR
S PEANZ K > T conjugate DGR L, #BHIEDMBHEIND Z LR BT
@), F£72 SDS KV ZWRITFHN S DD JRFVEEINFE S EOCHHENB L AL, 9 M IRFHFET
T free THP O 30% %= ClHEITE L7- (Fig. 23B), —J5. free THP D% 6% SDS ROR FEAFAE
TIZBWTHEIZ AR B3 720 > 72 (datanot shown) , Z AL 5H D Z & A5, SMA-THP conjugate
o THP 133512, THP [A4° SMA DO A F L Bt & O BUKMA BAEFASC n-n #HEAEMIC &
0 KR CHRE e A K v X THEEERTERR L T D 2 EARIE S HL, EOFER, THP O
EHPHERT D2EEAOND, £, —HAFRELEEL TV LEZBND, ZDED
IR ORIIT, ZIVE TITARMFIE 7 Vv — 7 CRR%E L 7= FN e SMA < LB W
THHE STV 56269,

F7-. BSA IRMEFTIX SMA-THP conjugate OGO EIEN RS20 -7 (Fig.
23C), ZDZ &b, SMA-THP conjugate [T G &G Z S &5 Z L R KB KO £
TNATIVERMBTLHESZAOND,
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Free THP

2 = =3SMA-THP conjugate + 5% SDS
‘0 — — SMA-THP conjugate + 0.5% SDS
g 600 ====-8MA-THP conjugate + 0.05% SDS
b — N I A i Ll SMA-THP conjugate
8 400
c
(7]
@ 200
< RN £ G T P
I O
5 o i i S RS
e 500 550 600 650 700
Wavelength (nm)
(B) 800 - Free THP )
> = = SMA-THP conjugate + 9 M Urea
0 = = SMA-THP conjugate + 7 M Urea
g 600 A -===- SMA-THP conjugate + 5 M Urea
.~ S N . L SMA-THP conjugate
8 400
c
]
$ 200
2 | [ g
SR AY o
E 0 i 7 '
= 500 550 600 650 700
Wavelength (nm)
(C) 800 - Free THP
E' = = SMA-THP conjugate + 100 ug/mL BSA
0 ====SMA-THP conjugate + 10 yg/mL BSA
§6004 /7 N e SMA-THP conjugate
E
3 400 -
c
(7]
§ 200 -
= A e e
u;g- 0 o "‘:‘ T -‘-'l-ﬂe- —
500 550 600 650 00

Wavelength (nm)

Figure 23. Fluorescence spectra of SMA-THP conjugate in PBS (pH 7.4) in the presence
of different concentrations of (A) SDS, (B) urea, and (C) BSA.
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3.3. SMA-THP conjugate DHIfFEM:

HeLa #lfd & 7213 colon 26 M2 %9 % SMA-THP conjugate D FMfLFEMERFMIL, 72 FERE
QVERF% (2 MTT 5% VW CTHT - 72, HeLa flIZ% LT, SMA-THP conjugate |18 E K772
MifaEMEZ R L, ICso (X 22 M (THP &) Tod o723, free THP 13 K 0 e w2358 <
ICso 1% 0.17 M Tdh o 72 (Fig. 24A), [AIFRDHERDS colon 26 M TH W54, SMA-THP
conjugate @ ICso 1% 12.6 uM, free THP @ ICso 1% 0.02uM Tdh 7= (Fig.24B), &H 5 DOIEE
HEfEIZxr LCH, SMA-THP conjugate O ffifi #4413 free THP @ 1/100 L F Thh o7z, £z,
THP 2356 LTV 720y SMA BT, AR C W7 IR EZHIPH T colon 26 M@ 6 L CHil
a7 M & /R & 727 7= (data not shown) ,

(A) HeLacells (B) Colon 26 cells
120 - 3 .
-4--Free THP ——SMA-THP conjugate 120 -4--Free THP ——SMA-THP conjugate
~ 100 ~100 -%\
= = b
g 801 e 2% %
— — A
E 60 - * 3 60 %
8 \ Ll N
> 40 4 X Z 40 - \
] 3 o v
O 20 1 \ O 20 - .
b “e--o
0 . * . i 0 . . ;
0.001 0.1 10 1000 0.001 0.1 10 1000

THP equivalent (uM)
Figure 24. In vitro cytotoxicity of free THP and SMA-THP conjugate against (A) HeLa

THP equivalent (pM)

cells and (B) colon 26 cells. Cells were treated with free THP and SMA-THP conjugate
for 72 h, and then MTT assay was carried out to quantify viable cells. Values are means

+S.E.

60



3.4. SMA-THP conjugate DHIATPNER Y iA A

HeLa i 2 v C SMA-THP conjugate OHIFEINER D IAZZ BT~ 5 fFT 41T > 72, Figure
25A 1ZR9 & 912, SMA-THP conjguate DOFAAINER Y JAZ T free THP LV EL< | NG
120 73Ty E DOEY AR BT free THP O 1/40 FREECTH - 7=, Fex IZLLRIIZ, SMA O
~ b A VERIRIEISEMESIE T Tl FRLE 2 D SMANCS®D AN ER V) IAZ & 7] L S H 5
Z L EHE LTV D030 SMA-THP conjugate O PNER V) 1A Zx )3 O Btk BB C ol X
DM ENTONTIE, S%OBEES 5,

e T, IR NI ELY IA E 472 SMA-THP conjugate (Z-OWNTC . #lfas HafH#% . HPLC
Z AW TIENT L7z, Figure 25B-i (Z1&, 6 BHILEEER ICHIfPNIZE Y IAE N7 free THP %
HPLC CfRHT L7=fEH A7~ L7z, &IZ SMA-THP conjugate Zfi#dT4 25 &, 10 BEE#Z 2B
T free THP ® E'— 7 (34t & 49, SMA-THP conjugate D B —2  (6.275 %3) OIS
7= (Fig. 25B-ii), & HIZ, 40 FEEZICBW T H[EERIC free THP O B — 27 13 Sivie o
(Fig. 25B-iii), F7-. SMA-THP conjugate ZLEE/> 55 40 B4 CTIIAER L TV 250000 ¢ 8]
g2ahi,

(\&

(A) -
- 15.667 mi
8000 - z 3001 SMA-THP conjugate (B-i) Free THP at6 h min
2 8 200
(2] % = o B i o Tl N
g 6000 { Free THE’,’ 8 100
= /’ g (B-I I) SMA-THP conjugate at 10 h
$4000{ * g ©
‘é J/ E 0 100 200 300 400 w"m
Q ‘ Incubation time (min)
g !
o 2000 - ‘r .
S 0 E - SMA'THP.ConJUQate a (B-iii) sma-THP conjugate at 40 h
U- )
0 100 200 300 400 / “\\5-250 min
Incubation time (min) e PNt e

Figure 25. (A) Intracellular uptake of free THP and SMA-THP conjugate in HeLa cells.
Values are means = S.E. (n = 3). The inset shows intracellular uptake of SMA-THP
conjugate with magnified scale. (B) HPLC analyses of (B-i) free THP at 6 h, SMA-THP

conjugate (B-ii) at 10 h and (B-iii) 40 h in HeLa cells after each treatment.
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3.5. SMA-THP conjugate D{ENEIAE
(RNEIAEIX S-180 fEBHH AN A~ o A% AW TR L 72, Figure 26A (ZFRRE: 5% O free
THP 35 &2 U8 SMA-THP conjugate O [fi. P8P E %A 7~ 9~ Free THP ILFRIRE 5%, MLH 056
RN LT o 72, —J7. SMA-THP conjugate (I E M2 [ B L TRV . Z D AUC
(48 IKffti]#% £ C) 13 free THP @ 24.5 {5 Tdh o7z, WIT, free THP & SMA-THP conjugate O
FARR AT 2t L7 (Fig. 26B), #5700 24 Wifl#%., free THP [Tl ic b 2 < R L,
W& T > 72, TEGE~OEFITD 72| Mg~ OERHOK 13% Th -7, —F . SMA-
THP conjugate & I ~DEFEITZL D> 723, Z < OEFMGEE O IEG~OEMNR L) >
720 FFIE~OHERNEZ N L1, AL SMA 2TV % SMANCS®R®, Z DD 4y
FALEEAITHROEND H DT, MMEANELRIZE DIV IAHZDFE & S TNDHE), Fiz,
g~ DERN L\ 23, SMA-THP conjugate HRIZ0 VA4 AN KEL 2 (& ~
2200), AWM HIMLTE conjugate IZEED S PEIE S LT WA Xickh-TLE D
ZENRKFELTEZLND,
SMA-THP conjugate DS EEFE IS free THP & Ll d~2 & 8.4 {1272 - Cu /= (Fig. 26B),
FTo N, U, B S Vo o BRI SRS L 72 SMA-THP conjugate D 13, FEfEFE
E T L B0 5 72 BRI O FE 13 24 BRI OJREE L i35 & N 24.5%,
27%. 19%% Tii> Tz (Fig.26C), —J7, MEEAHAL CIE, FEFROERIZAE S IR E OB IE
AL DD B T2 R ORI, 24 KR ORED 75% TH 0 | EEN
T bEWIRE L 7257 (Fig. 260),
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-‘%' —#—SMA-THP conjugate
g 1000 I\
£ | N, L e
o
£ 100 #
g |
0 [ 9% Dose:
% e 10 mg/kg of each
E i ST LT % THP equivalent i.v.
i 1 T v v T v

0 10 20 30 40 50
Time after i.v. injection (h)
(8) * (C)
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Figure 26. Pharmacokinetics of free THP and SMA-THP conjugate at 10 mg/kg of THP

equivalent after i.v. administration in S-180 tumor bearing ddY mice. Values are mean

+ S.E. (n = 3). (A) Blood levels of both drugs after i.v.

administration. The inset shows

blood levels of both drugs after i.v. administration with magnified scale. *p < 0.05,

significant differences from free THP, according to Student's 7 test. (B) Tissue

distribution of both drugs at 24 h after i.v. administration. *p < 0.05, significant

differences, according to Student's 7 test. (C) Tissue distribution of SMA-THP

conjugate at 24 h, 48 h, and 72 h after i.v. administration. *p < 0.05, significant

differences, according to Student's 7 test.
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F7-EH SD 7 v b (M, 6 3#i) 1 SMA-THP conjugate % #fik#5- L., U >~ (15
MY » R . Bl CRERE HIOR) 2 & e ER ik~ o a2 et L7 (Fig.27), #4524
WREf % TR, PR M L OVIFIREEFE M 13 SMA-THP conjugate 05778 free THP X ¥ @&i7h»
ST, M, Bfi~DO%EFEM: 1T SMA-THP conjugate ClEJgi»> T\ 7= (Fig. 27A), DM O IEH
FRE~DEFEM: T free THP & SMA-THP conjugate CTH B 727X R 6 N2> 72, BEERA
R, B, A867e & o R~ & 5345 L 72 SMA-THP conjugate |3, FRefHl#%iE & 36
WCHEPIZEAE LTV Z & TH D (Fig. 27B), ZORERIF, HRA~ T 2R EZHWIZ5E

(Fig. 26C) EREOFERTH 0 | IEF KR/ L7285 1 SMA-THP conjugate 1% U >
PRIZEDEIRTHRE S N D 7eb EE X BILD, — 5, EEHERTIZY VSRR REETH
5 ENE, NEEHARICER L7- SMA-THP conjugate 723@ WM A R4 Z N TEL
EZz bbb (Fig. 260),
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Figure 27. Pharmacokinetics of SMA-THP conjugate at 10 mg/kg of THP equivalent
after i.v. administration in healthy SD rats. Values are mean £ S.E. (n = 3). *p < 0.05,
significant differences, according to Student's 7 test. (A) Relative amount ratio in each
tissue at 24 h after i.v. administration of free THP and SMA-THP conjugate.
Fluorescence intensity in each tissue was divided by total fluorescence intensity in all
tissues. (B) Comparison of tissue distribution of SMA-THP conjugate at 24 h and 72 h

after i.v. administration.

65



3.6. SMA-THP conjugate @ in vivo FIIEEZNE

SMA-THP conjugate ? in vivo FLIEEZNHAZ OV T, colon 26 38 L TN S-180 HR A~ 7 %
Z W THET L7z, Figure 28A 127”79 XL 91T colon 26 AR A~ 7 A|Z% L T SMA-THP
conjugate (10 mg/kg THP 24 &3 5 % 30 mg/kg THP &) % 1 [MFARZRGT 25 &, &K5&
RIFEI 7RI RS R S Te, e EHORERDITES | BWHOEZR EI 50
7REIWER S L vens- 72 (Fig. 28B), — 77, free THP & HUESE RN R4~ L7228 (Fig. 28A) .
BeH-820 5mg/kg 1 ZIFTEKME (maximum tolerable dose, MTD) & & TH Y, BH&ZIZ
RERD DR 7z (Fig. 28B).

%72, SMA-THP conjugate D #¢5-(Z 2 - C colon 26 D i DEEEINED L= 2 & 235 h
-7z (Fig. 28C. D), SMA-THP conjugate #4575 40 H H (EBEEFENS S0 HE) &, =
WNUATN—ZFlkEEE L, 24 RRIBICHZ 85 L7 2 A, EPR ZIRICL > TR 2
TN—NEEBRICER L, H< a3 (Fig.28C), RIBEHEO~ T ZOMCiE, &< %
B ENTIEBRNEZE < 228, SMA-THP conjugate (30 mg/kg THP 24 #) #5HED~
U AT, F LS REAINIMEREPGEIZHED LT\ Z &35 » 72 (Fig. 28C, D),
—7, free THP (Smg/kg) 1% CIIMsBREOICHEZITR ONT, O RITA
HivenroTz (Fig. 28C, D), F£7o, IRERBARICH - DIEEHRE) S 10 H HIZTZ R R
T—E RN THiZBEE L, AIRTEHETE 2B IR CE ) > 72 (data not

shown) .
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Figure 28. Effect of SMA-THP conjugate on the growth and lung metastasis of colon
26 tumor in male BALB/cCrSlc mice in vivo. Values are means + S.E. (n = 4-5). (A)
Antitumor effect of SMA-THP conjugate in colon 26 tumor bearing mice. Mice were
treated by free THP at 5 mg/kg and SMA-THP conjugate at 10 or 30 mg/kg of THP
equivalent. Vertical arrows indicate injection time of drugs. (B) Body weight change of
the mice after treatment above (A). Vertical arrows indicate injection time of drugs.
Symbols in (B) are same as in (A). (C) Lung specimens in colon 26 tumor bearing mice
on 51 day after tumor inoculation in the dorsal skin. Metastatic tumors in the lung
were visualized by i.v. injection of Evans blue on 50 day after tumor inoculation.
Arrows indicate metastatic tumors. (D) The number of metastatic tumors in the lung

for each group. *p <0.05, significant differences, according to Student's 7 test.
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iV T, S-180 123 A~ 7 A{Z SMA-THP conjugate (10 mg/kg THP 4 & & %\ MiX 30 mg/kg
THP X&) % 2 Mgk s L. USRI R 2T L7z (Fig. 29), &G BKFRRGUELZ)
ENRL, KEED S RHNR0>7 (Fig. 29A, B), WTFHOEEGEHICBWTH, 5T
H 3 Lo~ T A TEGEOHEEN LIV, ZO%RIALRHFIIT LT 120 HELEALFEL
foeiF 7= (Fig.29C), %7z, free THP (10mg/kg) b IFAEEIZ, S-180 fHAY A~ 7 AT 2 [AIEH R
LT, 20% 1 EELUNICETO~ 7 AT L,

THl;equivaIent
- —8—No treatment -
A5000 —4—SMA-THP conjugate (10 mgrkg) e o featment

= =>SMA-THP jugate (30 mg/k

§4000 | conjugate (30 mg/kg) 5 60

E = 55

£3000 A S

£ T 50 10 mg/kg_ of
-— 2 THP equivalent
22000 &

5 =he

g 1000 - m 4q 30 mlkg of

[= THP equivalent

0 - 35 T T T T T T \
10 15 20 25 30 35 40 45 10 15 20 25 30 35 40 45
Days after tumor inoculation Days after tumor inoculation
(C)
120

- 30 mg/kg of

3 100 THP equivalent

o 80 1

o

— 60 A

2 e

AR e

" 20

0

10 30 50 70 90 110 130 150
Days after tumor inoculation

Figure 29. Antitumor effect of SMA-THP conjugate against S-180 tumor in male ddY
mice in vivo. Vertical arrows indicate injection time of drugs. Values are means + S.E.
(n = 5). (A) Antitumor effect of SMA-THP conjugate in S-180 tumor bearing mice.
Mice were treated by SMA-THP conjugate at 10 or 30 mg/kg of THP equivalent. (B)
Body weight change of ddY mice after treatment above (A). (C) Survival rate of S-180

bearing ddY mice after treatment above (A). Symbols in (B) and (C) are same as in (A).
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3.7. SMA-THP conjugate D# k¥ 5.4 D F 34T

fH ddY ~ 7 & (HEVE, 6 1) |2 SMA-THP conjugate (50, 100, ¥ 7-i% 150 mg/kg THP
W) G LIZE 2 A, 150mg/kg THP 4 EOEA I B M, (KEORL B8, £
D%EE L7z (Fig.30), ~ 7 ADRTITR BN oTc, 2D Z L7265 SMA-THP conjugate
@ MTD % 150 mg/kg THP 4 8L ETH D Z EAURIE S H, free THP O 30 524 B 5
52 ENH ST o T, ARRFHIB W T free THP DA colon 26 175 A~ 7 AT 5 mg/kg
Z 1 [ GRE R BRI 2 B3 (cf. Fig. 28B) . S-180 23 A~ 7 A2 10 mg/kg % 2 [Al4%
BIFCIE, 1 BEUNICETO~ 7 AR LE LTEY | free THP O5RVEMEIL SMA-THP
conjugate (2925 Z & TSN TWDH EB X HND,
120 -
115 -
110
105

50 mg/kg of THP equivalent

\

100 mg/kg of THP equivalent

Change of body weight (%)

100
95
90 150 mg/kg of THP equivalent
85 -
80 7 T T \
0 2 4 6 8

Days after i.v. injection

Figure 30. Percent change of body weight of healthy normal male ddY mice after
administration of different doses of SMA-THP conjugate (50, 100, or 150 mg/kg of THP
equivalent). Vertical arrow indicates injection time of drugs. Values are means + S.E.

(n=5).
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F7-, & ddY ~ 7 AT free THP (Smg/kg % 11[8]), F7-1% SMA-THP conjugate (10 &
%N E 30 mg/kg THP &% 2 [0]) £ 5 L7z & & OMERCIEFHERIC 5 2 D8I oW T
L7, TOfEFR %A Table 6 (2773, SMA-THP conjugate [TV MO G EIZBWTH, 7R
MERE, AMEE, ~Ermbr, 2L THEBRICEEBIIR NN, LILRRS,
free THP Ti%, #5225 1AM KO 2 % T, REEEOFERIMBIN R 6N, &
e 58 (30 mg/kg THP & x 2) O SMA-THP conjugate C, AST 2802 EH- LTz
25, ZHE SMA-THP conjugate OO THEEEFENMEDN FE3E L 72 rIREMEDNE 2 H LD (cf. Fig.
26B), F7=. [A U < &% 580D SMA-THP conjugate T CK D3 0372 ERNBE LT3, FE
R & IR T L, B ED /12 & TH D free THP (Smgkgx1) LV CK @ EFB3D7
W2 EMD, DEETERBENTND B X BN,

Table 6. Influence of free THP and SMA-THP conjugate on hematology and liver, heart, kidney

functions.
WBC RBC Hb AST ALT LDH CK BUN CRE
Dose of drugs Time afteri.v.  (10%/pL) (10*/uL) (g/dL) (U/L) (U/L) (U/L) (U/L) (mg/dL) (mg/dL)
Control (no drug) 67.0+12.7 1017.3+31.0 152+03 323+20 263+23 1703+19.5 40.0+5.6 31.4+29 0.11£0.01
Free THP} 36h 42547 971.8+22.0 14.8+0.3 483+59 333+£22 2143+£293 1263+189* 26.1+12 0.11 +0.01
(5 mg/kg x 1) i.v. 1 week 59.3+13.4 8445+451% 12.7+0.7%  50.0 +5.5*% 29.5+47 366.5+115.7 77.8+£10.5% 245+39 0.12+0.01
2 weeks 60.7+6.9 926.0+10.6* 13.7+0.5 40.0 £ 4.0 263+15 233.0+£351 547+£105 285+35  0.12+£0.02
SMA-THP conjugate} 36h 703+34 96784220 14902 523+8.1  43.0+£12.7 2003+26.1 79.0£220 328+19  0.13+0.01
(10 mg/kg of THP 1 week 67.3+12.0 960.0+15.3 144+04 423+38 31.7+£22 217.7+12.8 70.0+13.9 24.7+0.8 0.09 + 0.00
equivalent x 2) i.v. 2 weeks 713+£9.5 997.0+43.7 15.1+0.2 38.7+3.2 29.7+22 157.7+64 63.7+213 22.1+1.8 0.09 +0.00
SMA-THP conjugate§ 36h 47.0+£9.0 926.5+555 144+0.5 70.0 + 6.8* 36.0+54 209.5+29.2 82.0+53* 26.2+3.1 0.12+0.01
(30 mg/kg of THP 1 week 553+1.8 964.0+23.4 14.1+£0.5 453 +£0.9* 27719 1963+149 513+28 283+1.6 0.10+0.01
equivalent x 2) i.v. 2 weeks 78.7+9.9 1002.7+257 149+04 463+38* 313+09 2113+359 58.0+8.0 26.7+13  0.11+0.01

+Free THP was given i.v. only once. THP at 5 mg/kg is about MTD. 110 mg/kg of THP equivalent
was given i.v. twice on day 1 and 3. Total dose was 20 mg/kg of THP equivalent. §30 mg/kg of
THP equivalent was given i.v. twice on day 1 and 3. Total dose was 60 mg/kg of THP equivalent.
Blood analyses were carried out at 36 h, one and two weeks after last drug administration. Values
are means £ S.E. (n = 4). *p < 0.05, significant differences from untreated control group,
according to Student's 7 test. Hb, hemoglobin; AST, aspartate aminotransferase; ALT, alanine
aminotransferase; LDH, lactate dehydrogenase; CK, creatine kinase; BUN, blood urea nitrogen;

CRE, creatine.
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4. BE

SMA-THP conjugate |&, /KT TREM (T D4rF&I% 62kDa) 07 /L7 I Uil
AR (BT D5y 18X 140kDa) %Rk 5 Z & T, SMA-THP conjugate H KD 518 (~
2200) LV R&ERG1E LTHEETE DL Z LR ENT (Fig.22), SMA D7 V7 X Ui
AR, EF O AL & P #E O FICEETHHE, 7U7 I g i KRS
F1E L. %< & SMA-THP conjugate 37 /L7 2 VAR E 705 Z LI SN D, EBRIC
free THP & Fbied 2% & I Py g e o) <0 EPR Zh 312 IS < s eV 2 L 7= (Fig.
26A. B)., 72 SMA-THP conjugate (%, JTEEALRRIZ IR RFH @ WVIRE TR 95 H O @ (EPR
) | RSO G, B 72 & O IR R D I XRER R & ISR LTV o 7 (Fig.
26C, 27B), Z® X 512, SMA-THP conjugate MEAL - RKNENREZ RTZ & D, LR
BIERIX72 < W\ invivo UGN R EZRIECE - E 2 515 (Fig. 28, 29), F7= SMA-
THP conjugate 3G MLERE, (DHERE. THERE, BREREIC KR E B L 5272\ 2 &
5., free THP &b, [K@HMHTHD Z EH/RIBS L7 (Table 6),

o7 AL AR DR 3 AT 1 ) 2R FE AT D5 A 2T . AT 8 D U T IE
DERVGA L FIRICEERE L0370 2 & A3 S Cuv 50070, SMA-THP conjugate D2 &4
DOFEMEMIL-3238mV TH Y | ABMEH R TND, LML, SMA D ILARF I VIETF
DAEMINFTRE T, IEEMZ AT 20 F CTEMT 272 & L CRmER Z PHEISESIT 5 2
EHABETHDHEEZLND, TV 77 BV VN, FIED b T v AR—H —% 4 L7=3K
FIOE Y AFZHT D Z ENHESNTND®, ZiboZ &Y SMA-THP conjugate
FFIRER O A Z- DIHENZ AN NI ONTIE, SR ORFHRETH 5,

SMA-THP conjugate DI zEMEIL, free THP @ 1/100 LA FT&H Y (Fig. 24) . KK D—>
L LT, free THP & [t% & SMA-THP conjugate DFMEINELY IAGLBENT ENRE 2 B
% (Fig. 25A), F£7-. SMA-THP conjugate 73524272 conjugate D F FAIILICE D A FE v,
JaPIZ BT S free THP ORGSR BN & (Fig. 25B-ii, i) . MIAEEMEDME R
Ko—o2EE2 b5,

F7-. free THP DA 72\ Z & /25 SMA-THP conjugate | & free THP O it 238 < &
LYUESHEM 2 B TE 5 2 LRI SNz, FEWEIETBMEOR G TRY v~ — L fa &
LA TH, EYOMIEA 0 E FMREEL BT L 2 LBREINTNL®, L
L. —fRENCAR Y = — A TUEEANIC O TN L 0 AR EEAMENZ E MBI TR0 &
L5 OFFEIE SMA-THP conjugate DFFH & —E9 5, F7=, MlREMEMENZ L1, EFH
WNED 7 VT T U ARENZ & (Fig. 26C, 27B) & 3E1Z, SMA-THP conjugate O #E2ME
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WZ & (Fig. 28, 29, Table6) OER EFZx bivd, —HIEEMMETIX, Bl 21X 1Cso LA ED
EVRE CRIFFIFE CTE 5700, PURGIEMENSRIETE 5LE2 615,

FESFHIIE T VT X AR IR W AT, T X Rk X — ORI E T 5 2
EBRHBILTWDN, TAT I UREAREEFNL Z O JASRREEIC X o CHEE AL NI B
DIAEND Z &N SN TV HE18), SMA-THP conjugate &, 7 /L7 2 U AEARISEA] & [F]
RO CHIFENICE D IAE N, TDOH%Y VY —LNRETOT VT I O IkicT
T IVINHBBEL . O TR A RSO RENE Z 0 | FUREIREZRE ST D A =X 4
NBZBND, RIS V—TTlE, LT 27 EOMBaFERER I £ > T Bk
ERAEET 2 2 L 250 L TE Y 9, SMA-THP conjugate 2N ESEEAIAIZH Y A E 5
2T, MRS T K > TREBMEERRET L b B2 b D,

BEIRIZI 1T D D ARIRIZE W T, DAMSE O THH-CIRi 13D TEE L < | 8B MER AT
(L FFREC U BRIEI KT L Tt 2 R34 b oL, BRCECORE RFERE 2D,
AMFTCOEERHF L LT, colon 26 23 A~ 7 A2 SMA-THP conjugate % %532 & |
Tl Uiz e FRESS (FEEE) OBEFEIEI 721 Cle < | DB R OB & IR LS 2
ERFETF NG,

Fex 1T T, SMANCS®DS @Y 3B THE L EPR 2T & D @ O ISR R E 4 7R
L. U RHHEE OGN R A RET L5 2 L 2ME L TWAHE8) F7= 200 pm 1T E D/
SRR THH-TH, EPRZENALND Z LA L T 56088 AMFECTH. colon26
FES DO HIZ, EPR ZhRIC L » T2 AN R 7 — N EiRICERE T 5 Z E BB S
(Fig. 28C) , #5BHIZH N TH EPR FEBHICH N D LWV ) HERMATH S,

SMA-THP conjugate (Z 1 5 /EHEBIAARE A (colon 26 JEIEHERENS 10 HH) 2BV T, A
IREYIC IR B 3 HERR T & 720> > 7273, SMA-THP conjugate 23/ & 72858 BLICHERE L= 7]
BEMELZE 2 6N 5, Loy L7aAs 6, SMA-THP conjugate (2 & > THEFE L 72 2 FIES (RIS
OHIEZIHI L= E B ER EEZBND, BAMRBEICKTT S SMA-THP conjugate D%)H:
IZOWNWTIE, SORIMFDPLETH D,

F7- SMA FEATEEANL, v~ /v 77 —U T fMld, 7F 27 0% 7 —MlaoiEr
R, A E =T =arOFERE L Vo T RERIEEH 23T 5 Z e G STV
992 SMA FEATE D FALHIRAANTIZZ D L 5 R I X | RO FHRAAFDE
DAL HITHER T REFETH D,

L EORER XV . SMA-THP conjugate (LB A FIET 2 RIEA DL 720 F
53116 THP BANC 20 5 2 L WIfF SN 5,
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B4E RJe Rl abt L XZ 7Y L7 I F (PHPMA) A EILE S VOBEN
BRER X OHUEES R OB

1. HFx

AVe Rkaxor 7oL 2427 L7 I K (Poly(N-(2-hydroxypropyl)methacrylamide ,
PHPMA) [FKIEMEDR Y = — T, @i EME < AR FEEZ A LT 50, Zo
PHPMA (X, 431845 (40kDa) DL EiZ72 % & RIFMEWVIRE Cli s cx 2 K91
720 . EPR BRI K- TEBIORIRAICERET 2 2 &b T 509, filziX, ~27 Y
xRNSR FYLET Y (DOX) 7 LIRS FHA VA Z PHPMA Lifia SEoma T
LR AAITR & 2 < OFFFEN T2 STV 5039599 SRy FHns AR & g5 L, =
b PHPMA FEATIHI AAICIE M i B ERME O M . S HICIZEE R Om
ERRIWER ORI & LV e RN LTV D,

Ty hTH A7V URPBAKIEZ L E Y (THP) 1, DOX XV AIAENELY A Z
RN Z &R D IR T &2 EEII RS A A L TV 5680, FRx DWFES V—T
I, 5 THP OFHEIZIEE L, PHPMA #5678 THP (P-THP) O%EH & FHMICE Y A
T&7m, ZhETiT, SRR 47 (40 kDa) @ P-THP (40P-THP, A X :82+ 1.7
nm, B—%EM :0.62+1.6mV) ZGH L, free THP & RNENREZR & & ik L7202, T
free THP (311 72> 55 300N L7 — 75 C, 40P-THP [ ifl P8 ME A3 Kbz e = L. EPR
RN IS & mVIREE CIEEHMRICER Lz, S OICHER & O ER Mk~ 0E#IT D72
<. 40P-THP (/SRR 2R EREMEZ 7R LT,

PHPMA *° PEG 72 £ & HWZ AR U ~ —fEERFEF T, MRANEY AL DK T LT

WZRES TRFN R OWEI N LIZ LIZR 55 (e PEG YL ir~) (01D 40P-THP TlI,
YESRECOI ENCT e R Y UHEA %4 LT THP % PHPMA & f5H S H TV 502,
FAMEBREE (pH 7 LAT) & AL T2 ISR S FE %, free THP 23S0 RAICHE S D &
DT LT, MIaNE Y IAR D UGB Z [ > 72, FEESIT, 40P-THP O % £ TITMIEPIZHRY A F
(2 < ARENICE D IAEN TV D & DDZ <, #Miash T 40P-THP 7> 5 it S 417z free
THP TH25Z ENHALTWD, F£72, 40P-THP ZHHN A~ ACHHT D &, EFMERK
£V BIEBAENIC free THP A2\ 2 &, £ L CRIFMERET 2 2 W 0oz, 08
H. 40P-THP I free THP LV HIXD 0@ WIUELE IR ZHE L7z, I 5T, free THP T
IR ERD N A S = % 58I T, 40P-THP CIXAERD 72 E ORIWER X < | BIVEA
DRI R B 37z,
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PHPMA #E ARG ABIOIESGERMEZ 7 EXE 5 HEE LT, A TREKRELTDH
ERZEFTONDH09, ZNFETICT v R ~—%2FH LIz 585 40 77 (400kDa) O
P-THP (400P-THP, A X :259+12.5) OEFERMIECHUEL 2R, 40P-THP X v i
TWLZEEHMELTNLW, LALRRE, HEGRI Lo TLEW, RO, RER
DRRBND Z ENghoTz, £ 2 TAREETH Y | @V BIEE R 2 J4 9 5 P-THP O
BRENLEEND,

PHPMA f5 &R KD EEZ REL THFEL LTI, PR FEN4~5THD
PHPMA #§ & RUEEA 2 2 207 4 B & Tubfii S ¥ 72 diblock B $ BAFE S LT 502100, =
@ diblock BTN TITLETZD, BICIRKEE T AL T 0 RESE IR i1, BHE AT
HRES (DFEMA~5THUT) FThEL 25, ZHICEY, BRNICRY ~—03&E#ET
LDERZENRTE D, O diblock BUZIE, #1213 PHPMA #5675 DOX (P-DOX) DHF
ZENHAE SN TRY , SRR 4 70 P-DOX & Hled % & | diblock B Td 5 01
55 8 7D P-DOX DA%, MLHlred M, BEGERM:, PUEEIR L, 2 TORTENT
WD ZEDH LN E TV H00,

Z 2T, RO @O HURIG N R 2 S8 5 P-THP BA¥E 4 H48 L. diblock o> 90P-
THP (CF¥5318 93000) %4k L, 40P-THP (CF#443 18 39000) & (RN ENRECHTAEE )
78 &% LR LT,
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2. EBER X OERGE

2.1. ZEBRHE

Dulbecco's Modified Eagle Medium (DMEM), <=3 > G, A L b~ A T HE,
7 mug/b b (BLE, Wako Pure Chemical) . 7 U GVifiE (FBS) (GIBCO). 3-(4,5-dimethyl-
2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) (Dojindo Chemical Laboratories), %
ORFHAL, RO R 2 VT,

2.2. 40P-THP 13 £ O} 90P-THP DA K

¥4y -5 39000 Cd 5 40P-THP I3 J OV 5318 93000 Td 5 diblock %> 90P-THP
X, FxadE BT T I —@ma RS L DS L Cun v, Ak, B
AR 72 P-DOX DA RRIEIIZHE L . DOX Ot v 12 THP % v -,

23. FVvAB@I v N TTT 40—

FNAEI a~ 87T 74— LEEHPLC ¥ AT L% AV T{TV), 7 7 % OHpak SB-
804 HQ column (8.0 mm x 300 mm) (Showa Denko) Z i L7, BT PBS (pH 7.4)
ZfEH L, s 0.5 mL/min, & HE#1E SPD-M20A 7 4 k% A A4 — FftHigs % H\ ¢ THP
7 488 nm ([ ZF 1 DWW AR L L7z,

2.4. BHAYEEELBIE (dynamic light scattering; DLS)

PBS (pH7.4) |24 P-THP % Z N ZEIIAMRE S H T I mg/mL [ZFHEE L, L2 0.45um D~
Uo7 408 — (Advantec) B L7-0bH | BIREEGELLEE (ELS-Z2. Otsuka Photal
Electronics) # T, K22 HE LT,

2.5. P-THP 2> D free THP fitHitk:
% P-THP % 1mg/mL 12725 £ 912, 0.1 M FEERFEER (pHS.5) <° 0.1 M VU > ERFEEHR
(pH 6.0, pH6.8, pH7.4) IZIEfREH 37°C TA v FaX—Ta Lz, —ERHA ¥
N— 3 %, 150ul LY 150 ul @ 0.2 M ERFEFEER (pH9.8) L iR, JtiH Sz free
THP ZHitH4 272, ImLOZ ookl iaz Mz TEIBE Lz, =O0% (8000 rpm, 15
57) . 7 maas)v A JE % 800 L [FIIY LRCHE S HPLC O4y BRI CREEMR L. B HPLC
VAT LEAWTCHT 21T o7, 517 2% COSMOSIL 5Cs-MS (4.6 mm x 150 mm)  (Nacalai
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Tesque) ZfiH L, 7 LA —7 21X 40°C TR E LT, WEEAEII T2 =KV /L, 0.1M
WERRFE/ETR (pH 5.0) (33/67) ZFEM L. ¥iiflE 1.2 mL/min TfT\), RF-20AXS H 6 H#R
% T free THP a0t (AL HER 488 nm, e REOEIR 590nm) M L7z, Mutish
7= free THP O E&IE, BEAIRIE D free THP % F\CERK L 72 AEHEHR N DR LT,

2.6. Mk

HIPFE R I C W BB I TA— b7 L— 7RI . & D VWL E IR 5 5 D
HOEMA L, WIREORB, AHRICITWE L7 PBS (pH7.4) &M L7, 2 ToOHREX
7Y = R FNTERRICIT 72,

b N FESENAKINE (HeLa fIE) 1%, MIEE;%ET + v = (p=100mm, Corning) (Z
T.10%FBS BLOPIEHE (2= U > G 100unit/mL, A s L7 h~A > > 100 pg/mL)
Z RN L 72 DMEM % VT 5% C02/95% Air, 37 °C TR L2, BLZ 3~4 HEIZ,
025% btV F U ALBIC X VIR E T 0 v > = i B EIEE L HIRE & DR E (800 rpm., 5 4))
TEUX L, 10 fEAERIZR D X2 ISk E1T>72, £7- DMEM |Z pH 7.4 £721% pH 6.9 D 2
AR L7eps, REBKET Y O LOWINEEEZ 52 L (pH 7.4 DAL 3.7 g/L,
pH 6.9 DA 1.0 g/L) THE L7,

2.7. fAfaEE

HeLa #iffdZ 96 7 = /L7 L — | (Corning) |Z 3000 cells/well (27225 X 5 (ZHEFE L, —H
Br#%8112. free THP, 40P-THP, 90P-THP % ZH 2V X 7=, 72 REREI#IC MTT I X 0 #
R Afr R 2 E Uiz, AR K 0 B S iz b~ W 51T DMSO TR S, <A
7 v L— kY —4%— (Infinite M200 PRO, Tecan) % M\ T 570 nm OWIEEE % HIE L7z,

2.8. HB A~ ZADOIER

FTRTOBYERIL, EWRFEIYERT BB LUK AT 2 BRI
THHEHOT, 1707,

S-180 ML ddY ~ v A (Htk) DORERENICEE L, BLZ 7~10 HEISH R L
bOEMEM LTz, S-180 A A~ T 2T, ABAHE/KIZT 2 x 107 cells/mL (ZF% L 72 S-180
HINIRIETE 2 ddY ~ 7 A (HEME. 6 R) OFFHD 2 FTC, 0.1mL (2% 100cells) 3257
THHT D2 & TIERLT,
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2.9. (ANENREBER

JES DO ERNI L2 10 mm (272572 S-180 3 A~ 7 X1Z, 10 mgkg (THP %4 &) O
A K ICPRAR S 72 40P-THP %7213 90P-THP Z# k%5 L., —ERM%IcY=F L=
— T VIRRBMZ X 0 R0 S ARFRRHUK CRETIR . AIRER A I LT, SR 2 R E L,
@R 100mg &7V 12 900 uL D PBS (pH7.4) &#HNx, HE T A P —THMkZ AL, 200
ul ZH Y THP Z K ES 572 200 uL D 2 M Hilg A 1%, 50°C T 1 BRALEE L7z, AL
Hit% . THP OMKGf E 2572% 700 )L O 7 v kL Az iz L <BE=%, =i
BME (10000g, 1043) L. 500puL 27 v AL AEEENL Lz, 7 0 ak/L Azl SH
7% . HPLC O/ BRI CRIAME L, BHE HPLC Y AT A2 AW TN 24T 572, B 7 AT
COSMOSIL 5Cg-MS (4.6 mm x 150 mm)Z i L, 77 AA—7 1340 °C IZFRE LTz, Z7HfE
EEE T2 h =R VU L, 0.1 M FEEBREfETR (pH 5.0) (33/67) ZfEM L. JitiflE 1.2 mL/min
TITVY, RF-20AXS #tR g% F T free THP O (BhE2 i 488 nm, e KHOEH R
590nm) Z M L7z, ARk THP R (P-THP & it St/ free THP O & FHEE) @
EEIT, FREOEBEVEALIE 24T > 7= BEAIRE O free THP % FV > CTHERR L 72 R HE bR 2> & 5
L7,

2.10. FUEEZH AR

JEEOERENB L Z 4~6mm 272572 S-180 #HAA A~ 7 A2, 2 £7-1% 5 mg/kg (THP
W) D% P-THP ZElk G L. SRBRIIR o fES AR L OMREZJIE Lo, MRS AR
X/ FAZHANCTERZmm (L), B mm (W) ZHEL, #HEX EEARE (mmd) =w?
xL/2) Tk vEH L,

2.11. EEEMEBRA~DEE OB

fdrE 72 ddY ~ 7 & (HEME, 6 #iE) (245 P-THP (15 mg/kg THP 44&) % 1 [ RES
L. %5005 1 B, 5 B, 10 BRI Y A2 Yo F Lo —T )UFRBRC L 0 22858 S8,
MRERB L, TARTX BT I ) N7 A7 x27—8 (AST), 7 7=V 7V A7 =
F— (ALT). AWelik#ERESE (LDH), 7 LT F o ¥ F—F (CK) . Mmik/R#E%E# (BUN),
7 L7 F =2 (CRE) IZOWTaHfi L7,
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3. ERER

3.1. MEALFERRRE

Figure 31 (Z 40P-THP 35 JXOY 90P-THP D##i& % 7~ L7=, 90P-THP (% 2 -2 P-THP ==
v MRV ANVT 4 REEZEIT L CHEE STV D, £72, 40P-THP 35 KUY 90P-THP D48k
FHIRHEZ Table 7 (ICF & Tz, TS FERLLBMRE (PDD) 15 NVREI v~ N7 T 7
+ — (Fig.32) MGBHEH L, 40P-THP %% 39000 (PDI : 2.10), 90P-THP 7% 93000 (PDI : 1.90)
Td -7z, THP A &% 40P-THP 78 10.0% (wt/wt). 90-THP 7% 10.4% (wt/wt) Tod o7z,
INHOT—HI% P-THP Z&/K LT = adtfiE BT H 7 I —@ 0 LT &
R3S A AY bl Y

*\Jﬁ\t’\ﬁ W*\ﬁ“ﬁ“ﬁ
44 %JHJJ

St et

NH,

\OO"’”O O ""’o 0 - g
(‘)j @ @

Figure 31. Structures of (A) 40P-THP and (B) 90P-THP.
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Figure 32. Gel permeation chromatography of 40P-THP and 90P-THP. The average
molecular weight (Mw) and the polydispersity of the conjugates was determined with
a Shimadzu HPLC system equipped with RI, UV and multiangle light scattering
DAWN EOS (Wyatt Co., USA) detectors using a TSKgel G3000SWXL column (7.8 mm

x 300 mm, 5 pm) with a mobile phase consisting of 20% 0.3M acetate buffer (pH 6.5;
0.5 g/L. NaN3) and 80 % methanol at a flow rate of 0.5 mL/min.

Table 7. Physicochemical characteristics of 40P-THP and 90P-THP.

Polydispersity index THP content
Mean Mw
(PDI) (Yo(wt/wt))
40P-THP 39000 2.10 10.0
90P-THP 93000 1.90 10.4
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eV T, HPLC Z WA rn~ N 777 4 —IZXk - T, % P-THP OKERKRH
(23 \T 2 2B & ifAT L7255, 90P-THP DA HIIFIE] L 40P-THP O¥sHIIFH L 0 < 90P-
THP (3K T C 40P-THP L 0 KX 72001 & L THEETEX 5 2 1R S 7z (Fig. 33A),
F7-DLSIZ X > TPBS (pH7.4) T TOR AV A X &M L7-fEF. 90P-THP 1% 194 +7.9
nm & 72V (Fig. 33B), 40P-THP (82+1.7nm) DLV K& W2 &R0 olz,

(B)

[+
o

z

L
- 194 £7.9nm
g 8000 5
= 5 15
o
2 6000 =
< | |\ 40P-THP %’
Q 2
s 9
£ 2000 £ 5
o O
@ . @
2 0 T 4 4 ! 2 0 I I
10 15 20 25 30 g 1.0 10.0 100.0
Retention time (min) Hydrodynamic diameter (nm)

Figure 33. Molecular size of 40P-THP and 90P-THP. (A) Gel filtration chromatography
by HPLC using PBS (pH 7.4) as eluate. (B) The hydrodynamic diameter of 90P-THP
at 1 mg/mL in PBS (pH 7.4), measured by DLS.
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3.2. P-THP %>5 @ free THP Dtk
P-THP H1® THP i, MEMEEMFTUIWI ST Wk RT Y UiEE %4 LT PHPMA &

AENTWS, I T, 40P-THP 3 L8 90P-THP % Z N4 pH OREFEK T TA > F =
N—3 g L, £ pH 2T D P-THP 75 D free THP DOHMEIZ W THE L7= (Fig. 34),
TAEEY | KV RS T C free THP DR EN L < 72 o7z, 24 Kl #£ K5 T D 40P-THP
O free THP fit &% pH 7.4 T 18.1%. pH 6.8 T 32.9%, pH5.5 T 60.2% CT& ~>7=, 90P-THP
TlX pH 7.4 T21.1%, pH 6.8 T 322%. pH 5.5 T 62.8%& . 40P-THP & [AIEEDFERZ /R L,

BRI o7z, £70, pHTULTF & STV D IEEEREE TO free THP KU 2 &
P9 %728, 40P-THP % H\T pH 6.0 IZ351F 5 free THP OffHEBRE L= L Z A, 24 I
# T 554%& . pH 7.4 X° pH 6.8 DA XV i ENR S -7z, ZOMBIZEETSHY |
pH7 LLF & STV B IEBARROBIEEREE IZB\ W T, 2317 THP i N ifscx 5 L35
bbb,

70 7 &40P-THP

260 | =90P-THP )pH 5.5

(a

== =~ pH 6.0 (40P-THP)
@ 40 -

£ 30 —3) PH 6.8

% 20 S —3)pH 7.4

2 10

[«}]

= 0

0 5 10 15 20 25
Incubation time (h)

Figure 34. Release of free THP from 40P-THP and 90P-THP. 40P-THP or 90P-THP
was incubated at different pHs at 37 °C respectively. At indicated time period, released

free THP was determined by HPLC. Values are mean = S.D. (n = 3).
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3.3. 40P-THP 35 X T 90P-THP DfifazEtt

40P-THP & 90P-THP DAMfuzEMEIX, H72 2 pH BREE (pH7.4 £721L pH6.8) THsHE L7
HeLa fifid 2 AW TR L7=, £ pH7.4 TO ICso i, free THP T 0.07 ug/mL, 40P-THP T
0.52 pg/mL (THP %4 &), 90P-THP T 0.56 ug/mL (THP 34 &) &7V . [fj P-THP OAAu
I% free THP O#) 1/8 F2£Th - 7= (Fig. 35A, Table8), #i\ T pH6.8 TD ICso 1%, free THP
T 0.08 ug/mL, 40P-THP T 0.44 ug/mL (THP *§%&), 90P-THP T 0.35pug/mL (THP &) &
72> 7= (Fig.35B, Table8), 40P-THP 3L U8 90P-THP #:(Z, EeMESt T (pH6.8) THMES:
BT (pH7.4) LV @WillagEtEz = L7, $£72, 40P-THP & 90P-THP a5k 4 b9

&, pH74 BEUpH 6.8 IZBWTHERZITROLALT, M P-THP (XFEERO ML EME 2
AT EN ol
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e —+40P-THP
E 60 - -=-90P-THP
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S 1 -+40P-THP
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._g
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Figure 35. In vitro cytotoxicity of free THP, 40P-THP, and 90P-THP against HeLa cells

at (A) pH 7.4 and (B) pH 6.8. Cells were treated with each THP derivatives for 72 h,

and then MTT assay was carried out to quantify viable cells. Values are means + S.E.

Table 8. ICs¢ of free THP, 40P-THP, and 90P-THP against HeLa cells at different pHs (pH 7.4

and pH 6.9).
ICso (ug/mL of THP equivalent)
pH 7.4 pH 6.9
Free THP 0.07 0.08
40P-THP 0.52 0.44
90P-THP 0.56 0.35

Data are calculated from the results in Figures 35A and 35B.
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3.4. 40P-THP 33 X T} 90P-THP D{ANENRE

S-180 fESEEH A A~ 7 A Z AV T, 40P-THP 35 & T8 90P-THP DIANENRE A it L7z, A
FEtCld, 40P-THP & 90P-THP T free THP Ok tHPENFEI U Ch-7-Z &35, P-THP &k
H &7z free THP OAFHEEE A THP J£ & U CHIE L7-, Figure 36 |2, S-180 fEEHA A
~ U A2 90P-THP % §#lik# G- L ChH 5, 24, 48, 72 Witk MM A%~ Uiz, #50
B 72 BEfEI#% £ T I X OVESSAELER N o0 THP 2 134t O IE A% N 0O THP #2E X v &
WZ LDy oTo, IG5 24 FEFEILARE T3, ISR O THP JRE 2 R b & < PRz
NTWD Z e ghoic,

A5 - i Plasma
i Heart

g 40 - @ Lung
@ 35 = Liver
-2 v Spleen
=30 1 & Kidney
% o5 H Tumor
pm
EE20
S 15
© 10
o))
= 5

0

5h 24h 48h 72h

Figure 36. Tissue distribution of 90P-THP at 10 mg/kg of THP equivalent after i.v.

administration in S-180 tumor bearing ddY mice. Values are mean + S.E. (n = 3). The
level of THP conjugates in each tissue was shown as the concentration of total THP (i.e.,

the sum of released free THP and polymer-bound THP).
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RIZ 40P-THP & 90P-THP DI A& bz L= & 2 A b b 72 IR #% % T 90P-
THP O 7573 40P-THP L 0 i R EEA & < fR7-AL, MR 23 m B L CTnd 2 &y ho
7= (Fig.37A), 72 BifE1t% &£ T 90P-THP @ AUC (%, 40P-THP O 1.7 & 72 o7z, HiWCHE
BEN D THP YL % el U7 (Fig. 37B) . WAL OKEEIZ IV T %, 90P-THP (X 40P-THP K
Db \ORE CIEBHCER L TR Y., 90P-THP OEENIEEIX 40P-THP & Iikd 25 &, 24
2 C 2.5 fi5. 48 RFfEI#% T 5.0 f5, 72 R T33 5 Th o7,

(A) ;

120 - O040P-THP m90P-THP

*
*
100 -
10
- 5
0
48 72
Fx—- rr- Tﬁ_‘

1 24 48
Tlme after i.v. injection

(o]
(@]

N
o
1

Mg of total THP/mL plasma
N D
o o

o

C

35

M

Time after i.v. injection
Figure 37. (A) Blood level and (B) tumor accumulation of 40P-THP and 90P-THP at

D40P-THP ®90P-THP
*

-— — N
o
1

o o O O

Mg of total THP/g tumor
tissue

10 mg/kg of THP equivalent after i.v. administration in S-180 tumor bearing ddY mice.
(A) The inset shows blood level of both drugs after i.v. administration with magnified
scale. The level of THP conjugates was shown as the concentration of total THP (i.e.,
the sum of released free THP and polymer-bound THP). Values are mean = S.E. (n =

3). *p < 0.05, significant differences, according to Student's 7 test.
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3.5. 40P-THP 35 X T} 90P-THP O in vive FIEEZIR

S-180 A A~ T AIZ, 2 £721E 5mgkg (THP %4&) O free THP, 40P-THP, 90P-THP
EENEINEIRE S U CHIER IR E R Lz, W oIRA S | &5 BRI FRICIER O
FEINHIN R 2R L, £ DORFRIT 90P-THP 235 b s < . ¥KIZ 40P-THP, free THP &9 JIHT
& -7z (Fig.38A), F72 40P-THP & 90P-THP L2\ TN 5Bz T HIRED L/
<. HBEDPZREWERITR S 72 h-> 72 (Fig. 38B),

—EEFHEZ IR 72 L LT, BT 258 0MEIZ2 5705, 40P-THP TiE, Wi
DEEFEZIBNTS 5 L 2 JLo~ T A THIEOIHEN RO, £ D% L 72 BRI
HAVT 150 HELEAESFE LT 72 (Fig. 38C), & HIZ, 90P-THP @ 5mg/kg (THP Y &) &5
BT, SEH 4 Lo~ T A THBEOERS R Hv, 150 HEL B4 F Ll 7= (Fig. 38C),

F 72 FIERE 7 /LIZI T 400P-THP & BG4 1% & A CHNfil L Tk 0 (3 90P-THP
THIABRDFERB G ST,
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A =8=No treatment
==0=Free THP (2 mg/kg)
—4—Free THP (5 mg/kg)

—t+=40P-THP (2 mg/kg THP eq.)
10000 =a=40p-THP (5 mgrkg THP eq.)

)

i
N
o
o
o

==90P-THP (2 mg/kg THP eq.)
—8—-90P-THP (5 mg/kg THP eq.)

Tumor volume (mm?3
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Figure 38. Antitumor effect of free THP, 40P-THP, and 90P-THP against S-180 tumor
in male ddY mice in vivo. Vertical arrows indicate injection time of drugs. Values are
means = S.E. (n = 5). (A) Antitumor effect of THP, 40P-THP, and 90P-THP in S-180
tumor bearing mice. Mice were treated by THP derivatives at 2 or 5 mg/kg of THP
equivalent. (B) Body weight change of ddY mice after treatment above (A). (C)
Survival rate of S-180 bearing ddY mice after treatment above (A). Symbols in (B) and

(C) are same as in (A).
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3.6. 40P-THP & 90P-THP D FEMEF X ONEF R ~D &
40P-THP 35 & TN 90P-THP -4k EsP 8 (Lethal Dose, 50%. LDsy) %R 5720, fH
72ddY v A (KEME, 6 1fEms) (220, 40, 60, 80 mg/kg (THP &) D45 P-THP % #lkix
5L, REOESIEEEL MR Lz, REBDIIRGEEFNTHY | A UEGETIE
90P-THP 5 7% 40P-THP X Y KEBAD K& <72 o7- (Fig.39A, B), 72, LT EHEL 90P-
THP & 51300 < . LDsp 1% 40P-THP T 50.0 mg/kg (THP 2 #), 90P-THP T 37.3 mg/kg
(THP &) &72->7 (Table9),
12 40P-THP 35 JL O 90P-THP D IEFHHMk A~ DB A BETT 5720 fEF 72 ddY ~ 7 %
(MM, 6 W) (2, free THP 1% 5 mg/kg (MTD (Z4H24) . 40P-THP 33 1 O% 90P-THP % 15
mg/kg (THP Y4&) Z#AREG Lz, WTFhOEANZBWTY, IFERECBRIEE~D BT
ol CK O 378 RPN G- (Table10), LU, i P-THP OF5-&ld free
THP O 3 {ETHHICHLEb LT, LBt KRERE IR hoTe, EREERMAE LT,
EF AR~ O BIXE P-THP M CRE 22T 0, AEENAON o/, LT
REEAD NPT ERFET N5,
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(A) 50
40P-THP
540 L
530
(7]
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> -o-Control (Saline)
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m 10 440 mg/kg
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0 =80 mg/kg
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Days after i.v. injection
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Figure 39. Body weight change of healthy normal male ddY mice after administration
of (A) 40P-THP and (B) 90P-THP at different doses (20, 40, 60, or 80 mg/kg of THP
equivalent). Vertical arrow indicates injection time of drugs. Values are means + S.E.

(n=95).
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Table 9. Mortality in mice after i.v. administration of 40P-THP or 90P-THP, and MTD of 40P-
THP or 90P-THP.

Dose of drugs (mg/kg of LDso (mg/kg of
Mortality
THP equivalent) THP equivalent)
20 0/6
40 0/6
40P-THP 50.0
60 6/6
80 6/6
20 1/6
40 3/6
90P-THP 373
60 6/6
80 6/6

Table 10. Influence of free THP, 40P-THP, and 90P-THP on liver, heart, kidney functions.

Time CK AST LDH BUN CRE
Dose of drugs  after i.v. (U/L) (U/L) (U/L) (mg/dL) (mg/dL)
Control (no drug) 18.8+23 34.0+23 163.0+162 27.7+£0.8 0.10£0.00
Free THP? lday 62.0+£199 345+1.0 193.5+128 20.7+1.8 0.10+0.01

(5 mg/kg) i.v. 5days Nottested 30.3+1.7 173.8+13.5 273+1.1 0.11+£0.01
10days 71.8+9.6* 333+£23 186.5+21.2 31.6+3.1 0.11+0.01

40P-THP® lday 6834205 345+25 2155+14.1 21.8+1.1 0.11+0.01

(15 mg/kg of THP 5days Nottested 30.3+1.6 176.5+13.1 253+24 0.10+0.01
equivalent) i.v.  10days 73.5+14.6* 323+17 1723+243 346+27 0.11+0.01
90P-THP® lday 655+19.1 31.8+08 1655+92 244+2.0 0.10+0.01

(15 mg/kg of THP 5days Nottested 30.0+12 159.0+10.6 25.1+1.6 0.11=+0.00
equivalent)i.v.  10days 60.8+53* 305+09 1640+6.1 287+1.6 0.10+0.00

The analyses were carried out at 1 day, 5 days, and 10 days after drug administration. Values
are means £ S.E. (n = 4). *p < 0.05, significant differences from untreated control group,
according to Student's 7 test. CK, creatine kinase; AST, aspartate aminotransferase; LDH,
lactate dehydrogenase; BUN, blood urea nitrogen; CRE, creatinine.

2 5 mg/kg was given i.v.. THP at S mg/kg is about MTD.

b 15 mg/kg of THP equivalent was given i.v..
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4. BE

ARRFTClE, V0185 4 77O P-THP (40P-THP, Fig.31A) & . diblock % T 5 -
)51 859 9 770 P-THP (90P-THP, Fig.31B) DL#sRF 41T >72, PHPMA D4y &% K
ELTHHECFESHRARY v~ =T TR BRIV ~v—r 77 PR ~v—2 5
FELH DN, S 77 bR ~— % ERICHIBET 2 2 138 L <. D EOMINK
XL RD R EORENRD D,

40P-THP 35 K OY 90P-THP #&I2, MAMES: TUI ST W R Y UEE AT LT,
THP 2356 STV D23, free THP ORUHEICHE AT < EH G FRITGEV DR H - T
HRFRO U Z R 2 L BB B o7 (Fig. 34), 7 v KU ~—%FH L7451
&4 400kDa @ 400P-THP %, 40P-THP & [AEED A~ Z LG SN TN D0, »
THOHBEITBWTH, 3TO THP 0 FIX PHPMA IZt R YV UG ZM L THEESh
TEY., BRIV UREOIMKRDIR S FREDOENIHE LR oT2LBEZBND,

40P-THP & 90P-THP Ozl 2B L CTRETL72 & 2 A, Wiho P-THP & TSt
T (pH7.4) X VEEMESMT (pH6.8) THllumEtE i< 72 ->72 (Fig.35. Table8), Z Dff
Rl free THP OfHHNE & — B 5, BRPESE T Tl SN DOX O #ila st 19 9
D ENMBITEY 9 P-THP OMAAEEIEDS BRI SIE T TR 2 2 &1, HEIEERY
free THP £V BN TWLH A TH Y | EEERFRIEICSWTHN TH S, £7-. P-THP TiTE
\ZHERRAN ChfH 472 free THP 23HL Y IAE LD Z &£ (D 40P-THP & 90P-THP T free THP ™
THPEIZE W 2\ N2 &3 40P-THP & 90P-THP [Z[AIFEE OMIfa it 2 FE L= L5 %
b5,

40P-THP & 90P-THP D B E728 MIZEE) T A RN REABR, S HICHUEE RIS
BWTALNE, FVAHs v~ b 7T 74— DLS (24> T, 90P-THP (19.4nm) (¥ EPR
IR K DRI 22 IESERME S WIFRF C& 2 K& ST, 40P-THP (82nm) KV K& 74+
ELTHBTEDZ ERBE N,

90P-THP DIEN M2 72 & | 24 IFE LA THEB~DHERIN i © 2% <. EPR ZRIZ &
% ISR ) 72 SR RAVE DS L b7z (Fig. 36), foe\ VT AR eE e & ISR AR I & bl L 72
23, 90P-THP Tl A MEDM L (AUC @ 1.7 £5) &3tic, FEEERIEOm EAR S,
B G-~ 5 24 IR #% LA C 40P-THP O 2.5 {5 L4 b DR BE CHESH/HAR I8R5 L T 7z (Fig. 37).

Z D X 512 90P-THP DIEFERNENS, 40P-THP & bl L CHEN TV D Z L5 invivo
PUEEHEYE & 90P-THP D7 58BN T 7= (Fig. 38A), 5612, FUHEGEIZBWTIEL D
AHADZ & 90P-THP O 2mg/kg (THP X&) £ 5-DF57A%, 40P-THP @ 5mg/kg (THP 24 &)
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Pe b X0 T RESSHE AN EI S R A R Uiz (Fig. 38A), [AIIESRSE T /LIZHW\ T, 400P-THP
HIESEHIEA 1T E A EIHI LT, DFE D 90P-THP & [REROFERNGONTZEF 2 D,
F72 90P-THP TITAKRERA 72 EOH LR m TR 6 mWinE i L OEm L) R
Z %4 L7- (Fig.38), F£72 5mgkg %, free THP TiL MTD IZfHY4 5 5,

LDso % b3 2 & . 40P-THP @ LDs (% 50.0 mg/kg, 90P-THP @ LDs (% 37.3 mg/kg (Fig.
39, Table9). F 7= 400P-THP ® LDs (% 23.4 mg/kg!')Td U . 90P-THP |% 40P-THP J V) 0X°
FEDE A, 400P-THP LV KFEMETH H Z LR S L7z, P-THP 22D lE, ST
TH—EED free THP it N A 640 (Fig. 34) . MEHIZIV T free THP OFLHAE Z %
EEZOND, MEIEERF I Sz free THP 1X, @+ X 0 IEFRIC oA L7 <
BHEEZLNDDN, ZOZ ENFEEDKFIKTIZA2W A E B X, 40P-THP & 90-THP D IEH
TBERA~DEEIZ DWW TIRET LTz, Z O, M P-THP & &SRB BICIIR & 225280378
Do Te N, DBIZ T R BN AL D (Table10), L L, 85803 1/3 @ free THP &
FFEE ThH o722 &b, free THP LV DBRIC RITTEBI NS W LOVRR SN, &5
{2 40P-THP & 90P-THP M CHEZZITL O T, 15mgkg (THP ¥ &) TIXIEFMEMKE~D
BIZEWIR RN Lo l, Ko T EikG & (BlRIX LDso @ 12 LLF) TiE, IE
HALRREA~ O BSLEMEICEDR RO NV E B X B D, S BICAMEC,90P-THP |3 2 mg/kg
(THP 4 &) #5425\ TH 40P-THP @ 5 mg/kg (THP M&) #5 X v EN-HUEED R
ERELIZZ LD, BERODRWVEHAETHIBENRS IR T R G 0Tk
DHEHEEEZEZ BN,

90P-THP (%, free THP O HPECHIIAEEMEIZ B L CTid 40P-THP & &b &7k 7273,
40P-THP LV b RERHTELTHEITEDHZ LoD, MHHEEOM L X ONEREER
PEDIE ENEHTE 2, ZOREE, 90P-THP XL 0 @V PIEE SRR+ 2 LN T&-EEx
HiLd, I HIT 400P-THP LV IKEMETH L Z & IBRICHW =& 55T 40P-THP & #fk
NEDLRNZ EVRIE SN, £7- 40P-THP L 0 K& & CHIBES RN E -T2, LA
FOFER IV 90P-THP (I LV AL 72 s iR M & UG TSR 2 A 9 5 & oy FAbHias A%
2720 95 % LHIFRFCT& 5%,
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BSE B

Ko PR AN, mOMIIREENE BIRNAER) 268325 b00, BEA BB O H
%< MABED QOL X PG REOFIRZ EOMENREL 5, £ 2T, ARG FHn A
DIEFHERIEZ @0 5 2 LS TEX, TRFEDROM L TORWEHORRIZ 722032 &
BRZOND, AWFETIE, MBI Z A3 2 w50 E D SRR SRR I R 58
5. TEPR VR 1ZHH L THRETZ %N L7z, 20 EPR IRIL. £ < OFEEEEICH W TEF
BN ONDBRT, KON AREZ S kT 52 L TRoNDRERFIETHD
(5.6

AHFFETIX, PEG, SMA, PHPMA L\~ 72K U v —(2, BTN AAIZES SED
Z & THA DR TALTIS AR ZERL LT, PEG (B8 L TIX, PEG fbAf v ¥ —7 x> q
(ARH VAR E) R DOX WE PEG LY R Y —24 (FFIA®) 2 ETTICHETHN S
N TE Y2103 SMA (2B L Tld, SMANCS®A T TIZHHKE THWHR TV S04 F 7=
PHPMA (2 L TiZ, P-DOX 72 & DKM THONTNDUS, Zn 6D Z &b A
FLCHWZ3FEOR Y v — XL RMERERBIMER SN DO THD LEZHND,

i 2 D FAETIA AANT I T, R3S EPR 23T HD < SRR 22 AR R M
(ZF8 L CiX, PHPMA % f\ 72 90P-THP 73 &4+ TI Y . PEG-ZnPP K> SMA-THP conjugate
TR ONTME & OIEFEMEE~ONHEN R Do Tz, S HICTERREEERINGA free
THP OB FIRETH V| mWEFEREZ AL TWD EEZBNLD,

SMA (T BENEAR U ~— T, SMANCS®% JliHiERAI Y B4 F— L @IS 25 2
EMATREICZ2 D . DADRBER LRG3 25 Z & T, #5054 L0 & OEER RS
M~DEBELHEOLND Z L, S OICZW EIRELZFRICITZ D 2 & AHE ST 5 00,
WO BNE 2 R oR Y = — 2 Hnaud, mPERGIRIC K 2 8RR G-0mE 0 R G- ERR & 72208
TN E 2 53006107 BFIREERENE &\ 9 RS2 2 5 FTREME DS IR T& 5,

Fio, Fx O T V—T"TliX, SMANCS®R @\ Y U SBATHEEZ AT 52 L0 h, B
ADY USEIERE A BIH] LTz 2 & 2 HE L TR D G JFIR~ OB Y v Hi~OEFE
X, DAEBOIENCA R fRetEn & 5, M TH 3 ETHIR72 X 512, EPRZFRIC L
STIZNV AT N—=POBEBERIZEMTEL L ZHLNIILTND, YRR H, FH
AT AR ORI L WREIIHIRIR 2 & A% OB b LETH D,

AT, B TFIPARERY v — LGS L LIk o TED b ERAART
DBV AR Y — 2B L@ TX Y VT — L LTRSS HNSLN TN D, ERRIZ KF b
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RMPER CTHWHNTEHY | MHIZERFHEE L, EPR 25T X 5 @\ O EEER M4 "lhElc
LTCWBU0), L= 230 URY —AOREENETE T, BRI CER/EDL YR Y — 4
25 DOX MEEECE . IRERIENMEL 725 Z L BHE STV HA%109 0 Z < DOHIRA
FIOIER 311X, DNA R° bR A YV AT —EBe ECHIBNICHFEET 2 2 L0, BT
B 72 S HE, MR N R D AP HUEBHE I B W CHER ICEHE Th 5, ABFEICHE N
T, esPEG-ZnPP <> 90P-THP 7%, MESHHMGRINAYICTEERBZ N CTE L Z AL MNIT L
THEY, M TR SN D 5= AT ARERE F7 Y UREEORIIZARDI TH D LEX
Hivd, —J7. SMA-THP conjugate TILZNZRAY7R free THP DR R S g ooy, =&
TIAEGRE KT UREAZEFIFT 2 2 & TN AL DOWRENIIFHTELHEEXD
H, Tel2 L, iR E~DEELZ 0 o2 &0 n, BUWER & DT U A7 A% O
DILETH D,

Z DD I, Bl IE I BALAI S & D, Fox OBFFE 7 L— T2 8B TLIRINS
ZnPP Z A HES T SMA ICWNE SH72 ZnPP W SMA X BV ZBA%E L7za3, i
PSRN AR+ Th - 7040, 2 Z TH 41X, ZnPP % SMA I[ZHAHEA 72 SMA-
ZnPP conjugate % & L EPR ZhR\C L » TEWESERIEEZ B O N D 2 & 2 fE L2010,
Z @ SMA-ZnPP conjguate (23517 % B35 L OV 3 70D SMA-THP conjugate (23517 % Al A 13
K53 bty AF % SMA conjugate IZ XV @ T{ETELZ EEHLNITL, SMA ZHW
B AL AAIBIRICB W CEE LM AR D L B2 61D,

PARFRIZIB VT, R Z | A5 2 721 TG THISHEBR T 528, BIER @
DIRNE S FALTI AAITTIE, BRI GO R 2Rt 2 2 L b EE L E X D, iz
(X, %52 B CTHWZ ZnPP 1k, JEEIAEOD HO-1 OIEAZRE L, SUBLIERCHT A h—
AR 255 ST, DOX 72 EOHFIEFAR Z MRS ED Z LA STV 00, L
72> T, PEG-ZnPP & SMA-THP conjugate X° 90P-THP O f FHZh N HIFF T 5 D CTld/s
WinkEZ LD,

Flo HEICEHEB L TWLLET X —ICLoTRVIAEND U 2 R, Bl ZITERT
TR T E B U BEEREIRIEE B DHFZE0M T TV B 728, BERRIE A C OB A I
WINCHBLL TV DD T, MfFShZBREB AL VGSE bHES L T2,
ZOEIRIBY RERNDT VT 47X =0T 4 7 EWEHIND FEIZB W TH EPRZ)
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