IMPWREAIC X B a7z Hig L chiitt )/ hir-&

e L AME S RO S b FE

PR SR, AT RMEY, KR (32, KR S0, KA, VA e
PRUERHIN YR SRR, ISR A, R AR AR AR

ES
R, FreEYEIC kX QOL I N /omiaii L LT
MENZEEWHEICEH Uz, REERRENC K 0 iz e %
IRERTEE TR CRIVER ORI IR T 20, SRR
NSRS 2 HMI DR I N TRV TZDE D> TV 5.
Z T T, IEEHMIERANCERIL, DO X b BT
B RSN D+ £ LT, AT & D FET B ik A T
R EIERIIC 2 ST B8R BIZAIRAVI TV /A
NIV VN T FIVIEEREEE © SSAT) EHRITEDmWEEY)
Bz VARV 2 VR R) 2 ARG Sl a2
FHUT. AR TIE, JIVAIVI VEEEA L §F k158
QfEES (KU ZF L2 a—)b (PEG) #5d: (OCH:CH,).)
Y SSAT s & OFFIMEIC 5 2 BB R NB 128, n=4,6
D PEG #HfEE R DEAGRTE T )V 2 AR L, Biacore 7
WC SSAT & OB 2T Lz, Z OFEE, mbaYHic i
UM OFHFIMET SSAT A L, #HSHOEI N X 0 ES
h (n=4) OFDPETFENOMIBRELET ST LA RE
TNz, Eiz, SEERUEESHERE BSA CRE 7 V7 I )
EORITIR EMAEFEAMNR NN ST D, TOES
KiEHBEEDOD TikAlEEZH LTI D, SSAT RIS
TBHAREMN B B T L AR L.

BEEM A, BEWHE ANV /AR VN
7L FIVIEREIESR, SSAT [HFAl - ©4F UGk, ervay

FF

TRLATYPUT)» AV YV (SPD) » ARV 2 2V (SPM)
&, USRS FEST AR 720 TH Y, Bkl D
MEMERC K OBl « 2 2SO -AERZEEE L, MfassEx -+
LLUTHERET 32, IERAIITIRSRY 7 X Ve HIEH AR
BRI X D EEEICHEE N TR Y, —ERBUEERMTS LT
RE—Y2A%ETY, BEMRTIREY 7 2V OaKIGEHC
FELTWAMNY, SSAT ZIE U & 5K 7 I R HIREES
HMPFFEELTVE D, TRE—V AN DI WEEZ
ENTVBY. iz, EERBRGET &, MM ERHRC
FERTHICHS TN 0SS HEICEIEEHEI A STbh
TEIBFRETH SN, [EGHIRRTZ ) 2 hmE 2 R R 72 h
VENTWiRW e, BEE TN - EYERESOMHHAEEN
IKHAENTWS. Slal, AT kT - BEREBAHEAIE A
AL LT, ATADET /BB SSAT FHEHI ' ©
HBEVIV VARV Y (SSATICHT B I HT Y AE
Km (M) ELATOM#D THSH. ANVITJY 1 Km=26, XV
VWAV Y L Km=10) & PEG #{ Clfs & 47zt &9
DOERWREF M Uz (X 1). SSAT BEEHERIO )RS 2 &

KICHHIRATS 7 TERFHC K O, 8k /R IS RE B
KEL, MBE 0 AZFHRSE MU TS T & TF T EEEL
SERLRR 72 2R T3 C L2 EREE LTSRS
F U7z, SSAT ZMIIPICIZEIES % 720" Wbk T/ ki v - B2
FIHEFEE RO O RN TOLEEE Gi) P~
AR L 75 %, RIS e THITERE AL A AT
&, 7Y A XA 20 ~ 100 nm DRI HD AT T &
MHIBNTWS (EPRZFIE™). Lo TRBREMAT /R0
DTYA X EET % T & THERICHNIIENNIEETE S %
ZATW3. £, TOEGRBESREELE VWS HREDTRL,
SSAT & L #58 T % C & CIEEMIED 7 R kb — A %14E
T EREDOH AR DO T L, EHICAY a v IRV E
(HSP) WEKENBHTHIEAREY OHEHb, chs3>D
DFIFENRPAF I NS,

| BAMERTRT |
EFEERAL (PEG) SN N TSNS T,
. H H H |
' A SSATH & ERMIL |

1 #kF /KiF - SSAT IR AL A1k A

B

AWIZETIE, RARHIETH %)/ ki1 — SSAT [HEFIE A
ROEE « FHMi 21T S AR O BB A HIEHE LT, RO
2 HAERE L.

(1) #F /i1 LR EA S % PEG S OE I N
SSAT & DFFIMEIC 5 2 % W2 X U /m s o E I
DNT

(2) REFLI2E G L SSAT & ORFRMFESMEICOWVT

X/, TNHOFEZITS TLICk> T, Rl LIcEAERAN
DT 4 — RNy IWA[RETH B L E AT,
it

(1) SSAT & DA HIEHfEHTIC & Biacore"” ZHWTT7S T
L& U7, Biacore 3, Kifi/5 XE/HIE (SPR)'” DB
SR LT, D rHOMHEERZHRAT 52 AT LTHD,
Yo —=F v IR (FRE#HR) ZEEL, 7F5A
FEUTESR (F/23V AV R) ZRLEEBOL ARV A (RU
i) ®EF5NS Kol (REEEED H SHEMERZRHT 2 C
EWTED. Ko fHl, REEREER (k) ZHREEEER (k)
THSTETH Y, HINEWVIEE SSAT & HEERN S
HEHWTES. KEPESNZIONHTiEE LT, ITC

# FFIRZEGE L APERITE IR IR D% LW H Th 5.
* NEICE T % 8% © takemoto@pharm.kyoto-u.ac.jp
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(Isothermal Titration Calorimetry) ¥ ZVH15 N TV 5, BEER
DAY Rk oD & THIEMNAIEETH % Biacore 7 £
M U7z, &7z SSAT DFiH 5 TEAKENT & EEE EORHM
Mo, ARLIZESEKEY Y —F v TITHEEE, 7554
FEUTSSAT i C i Lz, r¥—F v T \OEEK
DEFEZA LT R TEY Y (SA) RT3 &ic L.
ZTT, HOEKWADST /R TIBNiZ e F VICEE AT
EUEEY (K2) oalzitELiz. £z, T7IULEY
D PEG DETICOWVTIE,n=4 (kAW 1D &n=6 (LAY 2)
D 2 FHEFIR LTz,

Q) BFLIEEARERY 7 I VM EAELTEY, LN
ICTEET % 2Rkl L IR RIICHI A ER 9 % C EVRE S
N3, Zoikw, HEFEEE LT SSAT OfRb DIy 7 v
"IV (BSA) 74 e LTHL, BERFFREO M
frockelr.

fraction B fraction A

O
H
o N\/\NJJ\/\//,
H H H
n
H H

v

(0]
2 \HM”M”MNHZ

| fraction C |

n=4
n=6

2. Biacore HIEHDET VLS 1, 2

R

ETIEEYDE IS DV T

L&MW1, 21DV, K2R3 @Eb 2 & TUIWL,
fraction A, fraction B, fraction C & L7z, ZNZFNDIERMIIC D
T, {LEWA, B, CZERL, FLAZEETHTLeTIEY,
2725 LTz (K3). §&bb, LY A ETiilkO A4 F > (al)
e HFE R & U THY, DMF H1C N-Boc-ethylenediamine & #fd
BT L TT X FRIGZNE> T21%, Boc BZNi{R#E L T
B LT, LBy BIE, L&Y bl ZHERESEM T, TRk
W - 7F )V & DMF WL T 7 )LF)IUEL, +Bu ZAT )V
ZERVEZEE PR L Cak L. (ke cCid, (k&Y e o
72 HTE Coz b LT, RIViR VEEENL 7 ALK VgD O
) RICEBRLIAEA 2 \NEFELEY. Z01%, ko /
WAV R U BHRER L IAL A 3% Lina Y, &%
I Coz BEEFEL TIbEMI C 2GR Liz. TNSLEYIA, B,
C ZEXGHR U, BRI 3 HRD 3 DD Boc 2 Fi{R# LT
k&2 (h=6) LU/ HEROFIET, k&1 =4 &
BRT B ENTER.

Biacore DHPEFEFITDONT

a1 (h=4) BXTILEW 2 (a=6) O Biacore %
TeHERS R EZNETNX 4, K5IRT. EEW 1T (n=4), 1k
B2 (n=6) LBICKVLARYRERT T EHDLS

i 0
HN” “NH B HNJLNH TFA
H H 52 % _Z_S-H H \)NHz
"!N\ o N
s COOH g 'N\I'r
biotin (a1) itama O
HO.(/\O)'\,OH B Jl\/o(/\ )-\rr(JH
5 75% HO
b1 &M
.Cbz
0,
“ 20% “ B
803H SOQCl 17 %
NH,

CC

fea#c H Boc Boc Boc

HZN/\/\I:I/\\/\I.:I/\\/\NHY
Y Y
norspermine (Y = H), ¢3 (Y = Boc)

Reagents: a) EDCI, HOBt, EtzN,H,NCH,CH,NHBoc, DMF, rt: b)
TFA, DCM, rt; c) NaH, BrCH,CO,t-Bu, DMF, rt; d) TFA, DCM,
rt; ) CbzCl, NaOHgq, 0 °C; f) SOCI,, DMF, 1t; g) €3, EtN,
CH3Cly, rt; h) Pd(OAc),, Et3SiH, EtsN, CH,Cly, rt

X 3. E7IVLEVIDEK

180 -

160 |

] 200 400 600 800 1000 1200

(s)

4B (n=4) DY =TT L, Kl - Response (RU), Hlili - I
M (B, B DS 1000, 500, 250, 125, 62.5, 31.3, 15.6 (nM).

49



1400
1300 ___.f
1200 ,'I = |
(RU) | , | !II
1100 || / III

1000 }

900

800 ==
]
1
:

700

600
0 200 400 600 800 1000 1200

(s)

5682 (h=6) Ot —TF L, il © Response (RU), Al - HF
R (), B EDS 1000, 500, 250, 125, 62.5, 31.3, 15.6 (nM).

B L7z bEY & BSA £ O AAEHIZDOWT
BSA (FMiE7 VT IV) &, 2HOMEGEHNZET %720
JERRRINICE ) LM EMHBEIERT 2 2 IS NTED,
P EER E U T RINCHWENS RV RTETH 5.
k&2 (n=6) ZEELLIEEYY—F v S ICBSA%ET
FS5 A4 e LUTHRLUEEBOMEHERZK 6 1CR9.

(RU)
30

2 |

20

15 |

0 200 400 600 (s) 800 1000 1200

X 6. BSA Zfif] L7zB¥D & > ¥ —25'F I\, #tiill : Response (RU), Al :
(B, L2 S 1000, 500, 250, 125, 62.5, 31.3, 15.6 (nM).

R SAS S DMFAE T B E0E, X4, 5 DX S IRHMMNE
B OY Y =TT LS5 NSDICH L, BSA ZHW\iz
LHREELZ =TS LHELENE (K6). Thb Ok
RED, BSA &{tEW2 (h=6) IZRFEWEHEEHRZ LT
TOAREMEN SN EEZ BND. i, RUMEMNLERLTWVS
DB N D, TSty —F v TEEIC BSA HIE-S
B EZEND.
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FROFBRTELNIEREZANT, () SR LEEY 1,
2 DML (PEG) OEIMNBRBAMICE R 208, ()
SSAT FEELIN O FRIx 222 & OB ALK T 2 2 & TZFD
FRRAHE S TEIC DWW T B3 L 7z,

1) PEG $#& (n) O SSAT $BIMEANDSLE

VAT - EEERIESE L 2 2 TEBN Y —
75 (K4, 5 137554 FOFEIMSENE#SE L AR
2R UT28, A T 4 7 ZRITIC K % SO E R
DOEHEITE A>Tz, FTT, BIMLIET T4 MIBEZ K
i, AR A (RU) ZHEiicE > THEMKIGHTRIIC X 5 fi#
Hizktiotz., ZOREER, VARV RZT T4 MEERENIC
HEML, TSICEVIEETREZNRDTIHTNRDON,
ORI W RS SR e B &2 6N (K7, K9).
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REHHR 2 A ET V2L TR 1 2 AV TR E S
Rz,

R=Rmax X A/(Kp+A) GX1)

TTT, AlZ7F 54 MRE, RIZLVARYZfH, Ko lfiE
HE#, Rmax ZIRAKLV AR Atz R, TORXEHNT,
B IERIE RIS X O G USSR, Ko = 0.90 (M), Rmax =
251 (RU) ERDZTENTE. Fi, ALEW 11OV TI,
Biacore Il E CHMAY > T IV 1 TH- 0, Bt
LUTEIC X 3 MRBEER OGN EMFI Uz, d7abb, K2 D
BE5 &,

I/R = (Kp/Rmax) X 1/A+ I/Rmax (X 2)
LR, 7oA MEEOME L L AR Y ADMEIX E B R
MDD, K8 ITRT &SI, Bl % 7 75 1 SR Ok,
A L AR A0 LT ryay hL, X2 EZHOTHEIE
EREITo T2 TA, 757 OMEE Ko/Rmax = 0.00337, YJH
1/Rmax = 0.00295 X O, Kp=1.14 (uM) , Rmax = 339 (RU) &
kDN, 1 TRDIAEEIFNMENE SN,

L& 2 (n=6) ICDNT

900

400

0 . . . , .

0O 02 04 06 08 1 12
Analyte (uM)

9. (L&) 2 ORISR

LAY 1 ARSI 1 2 AWV CREIEME RIS X DEHEL
TeAEW, Ko =1.99 (uM) , Rmax = 1770 (RU) &3R$HB T LM
T&E. ALEY 212 DWW T, Biacore B ICBWTHEE DY
VTV CHBROFER DG BNz,

LU EORITIC K > CEEM SN Ko O 5, T
BHZMEEY 1 (n=4) OFFH SSAT & OEEERAIED EL
TEMHIHLTZ. LA LEDS, SHElE Lz =4, 6 YD
n=2,8, 10 REICEL n=20 1DV TEAEZETT> TR T
EMD, n=4 LOBENANHEZDSHOMETHD. Fiz,
JIVARIV I VREER D FICEE LT WY, FHoAE
ORGEERE L Bbnb.

2) EFF - BERAERIESED SSAT L D ERME SR

SEIERK LT 1 & 525 SSAT AR ERNICH & L TV B
MTDWVWTE, FDMHICFET 2 RENEHETH 5 BSA
EEGREDRIIZE AEHBEEAD RS NGNS T2 D
(K 6), a7 T SSAT LRHEMICHEA T 2 REMEN D 5 &

i
o

Dz,

7

33

AR EED BICHT> T, 2 DTHIRRWIZEE LT,
FRC, BRI R AR AL 2 B DI EE O
R, RGN BIC TSI DB A CIEEZHOMNES X
WE L7z, H72, ELCAS L WS BEGEAZAELTLKE S
72 ELCAS HHBRDEHR, HOMNES> T V&L

Biacore DWEICHE VT THIE « TREW72WnWikr &7/
T ABORANEICEMB L XTI, £z, Biacore DfFHT
ICBWT THREN T2 IR W TS 2 B oL D e AR L st
HLET.
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Synthetic Studies of Spermidine/Spermine
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in Hyperthermia-assisted Cancer
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Abstract

We focused on thermotherapy, which is considered a superior can-
cer treatment with good QOL rather than surgical operation and che-
motherapy using anticancer drugs. Thermotherapy is inexpensive and
expected to reduce adverse side effects, since the treatment involves
warming up the tumor tissue by utilizing heat generated from mag-
netite subject to magnetic irradiation. However, thermotherapy is not
popular because tumor-selective heating is difficult using the present
methodology. Therefore, we designed tumor-targeted magnetic mol-
ecules comprising magnetic iron nanoparticles and norspermine de-
rivatives, because such polyamine derivatives exhibit high affinity for
the enzyme SSAT, which is particularly highly expressed in tumor tis-
sues. In this work, we synthesized two model norspermine derivatives
bearing tethers with different lengths (polyethylene glycol (PEG),
-(OCH,CH,) -, n = 4 and 6), and estimated their affinities for SSAT

using Biacore. We found that the designed model norspermine deriv-
atives (n =4 and 6) showed similar affinity to SSAT. By contrast, the
synthesized model compounds showed almost no interaction with bo-
vine serum albumin. These results suggest that the magnetic nanopar-
ticle conjugates we have designed will form specific interactions with
SSAT.

Key words: Cancer therapy, Hyperthermia, Spermidine/spermine
acetyltransferase, SSAT inhibitor-biotin conjugate, Biacore
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