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Recently, MRI has been developed to examine living organisms down to the cellular and molecule
level. To exploit the advancement of MRI technique for cellular, molecule anfunctional imaging,
there are increasing needs for developing new MRI contrast agents and techniques for cell and
molecule labeling to report the localization, movement, mass, and functions of cells in vivo.
Therefore, two major classes of contrast agents are available for MRI such as small molecular
weight Gd** chelates and iron oxide nanoparticles. The purpose of research is tuning the
lipophilicity of Gd*" complexes and conjugating with peptide substrates of MMP-7, Legumain
protease or CcRGD. MMP-7, Legumain protease and avfp3 receptor are greatly related to tumor
invasion and metastasis, and are also highly expressed in majority of human tumors, which make
them as the very representative cancer proteases and membrance receptor. To find the optimum
lipophilicity of Gd** complexes that can be stably incorporated into cell membranes may serve as a
useful tool for tumor cell labeling and tracking. Ideally, these Gd** chelates should label intact cell
membranes noninvasively at low concentrations and with fast kinetics, and should remain on
labeled cells over a period of time to allow repetitive imaging. The chemical and physical properties
of these Gd** complexes will be characterized, including thermodynamic stability constant,
relaxivity (r; ), he number of inner-sphere water and kinetic parameter (water exchange rate and
rotational correlation time). Finally, the MR imaging will be conducted as well. On the other hand,
in the case of targeting to tumor cell, the surface of iron oxide nanoparticles modified with dextrin
or PEG (polyethylene glycol) and then conjugated with herceptin or targeting peptide will be
synthesized. The nano-sized superparamagnetic iron oxide(SPIO) particulates selectively shorten
the transverse relaxation time (T, ) of nearby water protons and generally produce negative
enhancement by decreasing signal intensity. The geometry, structural features, and physical
properties of magnetite nanoparticles will be characterized. The longitudinal relaxivity (r, ) and
transverse relaxivity (r, ) will be measured by 20 MHz relaxometer at 37.0 + 0.1°C. To prove
effectiveness of this MR probe, the flow-cytometric analysis and MR imaging will be used.

Keywords: Magnetic resonance imaging contrast agent, thermodynamic, Kinetic, relaxivity,
gadolinium complex, water exchange rate, superparamagnetic iron oxide
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Figure 2. Molecular structures of a NeuSAc end group in a glycoprotein or glycolipid (R) and the
targeting ligands L' and L°.
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Figure 3. Enzyme-cleavable contrast agent for molecular weight changed.
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Figure 4. PhenHDO3A 1 and its auto-assembling by transition metal M"" to form a trimer.
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Figure 5. Different dendrimers as macromolecular scaffolds for MRI contrast agents: PAMAM-G4,
PEI and PG-NH..
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Figure 7. The structural formula of Gd(DOTA)-derivatized virus particles.
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Figure 8. GA(DO3A) Tetramer [Gd4(4)(H20)s].
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Figure 9. TEM images of VLPs formed by self-assemblmg of BMV protems around 20.1 (a) 10.6
(b), and 8.5 (¢) nm spherical NPs coated with HOOC-PEG-PL.
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Figure 10. Sketch of polymer coated maghemite nanoparticles and chemical structures of the
polymers. The branched poly(ethylene imine) (PEI) was used for the first layer (red), and poly(ethylene
oxide)-b-poly(glutamic acid) (PEO-PGA) was used for the second layer (blue and green, respectively).
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Figure 11. Multifunctional nanomedicine platform for targeted drug delivery.
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Figure 12. T>-weighted MR images of gelatin phantoms containing (a) unlabeled cells, (b) 31 100 or
(c) 62 200 cells labeled with D-mannosecoated iron oxide nanoparticles, and, for comparison, (d) 31 100
and (e) 62 200 cells labeled with Endorem.
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Figure 13. Nuclear localization of protamine or tat peptide. Cells were incubated with Pro(Rh) (A, B
C) or Tat(Fl) (D, E, F) at 2 4uM fluorochrome for 4 h. Cells were washed, fixed, and stained with DAPI, a
nuclear stain. (A and D) Cell nuclei shown by the DAPI (ultraviolet) channel. (B) Pro(Rh) visualized in

rhodamine channel. (C) Overlay of parts A and B. (E) Tat(Fl) visualized in the fluorescein channel. (F)
Overlay of parts D and E. Scale marker is 10 gm.
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Figure 14. (a) Synthetic scheme for the production of poly(TMSMA-r-PEGMA-r-NAS). (b)
Schematic illustration of carboxyl TCL-SPION showing crosslinking between polymer layers after heat
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Skt A0 F o o Legumain ~ MMP-7 2 cRGD # B i1t 2 3275 & g Rk L

F;_‘- nn_ Z @'i

pa
T



B2 PR i Apupimie (s % K/ R A %g}a;jﬂ\:@;)éwé W HiE R L2 %
We AT V- PaniAEL 2 heE L by frp2 £ M5 (S 2 7 F 3% 2 (tunning
lipophilicity) » #-* 4 £ 48 & F~ 432+ MMP-7 ¢ Legumain F-v gz P3P 3 B> 35 018
Ferg Az S 8RB L R R A R0 fEfEE MMP-7 & Legumain *» &) 14 & i€ 4 &
Bots &4 B AR MMP-7 & Legumain F-v sk B dRE 2 AP M cnp 1 MR o A
Ptz 4 & s L i J9 % TN R e A 6 P st 2 MRI # 3] 4 5§41 o cRGD
PIEP T2 2R onfs X M2 B mie Wk o 27 o %gc} Py Hihmie gl (75
ARBEHAAnVivo FF L e Birdg o AFZ #F S0 EAREEEH VR AGRARE T L
4k B %gr_i HHWMBREPIR L 2 F R FHELSFEEAPMPERF(R) > H o iR
BRERZ B > 28K 4o Scheme 4 B-TTDA  j72 4 & Bl B 5 WP &1
iy e ¥ 1Y 4 e (siloxane) b o T e B A8 Z H H 48 5 4o Scheme 5 #- TTDA /72 4 i3 4%
4 ¥ 4p % 1% & F (polyethylene glycol, PEG) + 254 % B 48 » £ 5d pH @it
e A58 2 4 & R B A %ﬁﬂ FRe i RMEe B 2 b ~ L EFE U R
BAFEG FARREPHBAES bR EF 2T G AF A FE ST R
RAFT S RS E BB LS L) R kA S G AR M) A S 6 dp B P (R) H 4L
w5 2 B enhd 2 B - Scheme 4 Rk 3 ALK j{f‘gﬂ AR ETRE N2 G RS
TTDA E 5 Peid -k 2 fksd Fengdid > RH rp 5 it & o (siloxane) % & - 42> # X ,%g:) A
LR HD AT LRI AN T e RS LRSS °%’§v) BBHEAFERAPMPEFT(T
R)' 7 5 RMANPE 2B Ep e g%t 2 264 & S deandf3t ) Scheme 5
1% - &34 rs 202 4 =3 TTDA-NP-NH 2 (3) ~ TTDA-NAPH-NH 2 (12) &
NB-CB-TTDA-NH2 (22))& & 2 ¥ 4p B 122 E-Ripdrz e - ik > 2 B3 2 mdals & o
A, = 4c Scheme 5 #771 2_ & 4&% % 3~ (copolymer) » ,%gr} AR pH Eere s o A4 BB
PpH=7.4 pid H f 2 B 3252 2 5f ez (micelle) » § 5 3% b2 » S PN PFo SEF 0 %
s R - BN T el gl RN Y W e S ERVASR R R E R | i R R T L
FRAEFBAPEC SRR R ED 2R PR R o B L F LA L ATR
2 HE Ry o i%ﬁd Fidpr sty b Pif A o BN A e
R AR T ER AR " BREVFAN S R E IR RAAADEIR - g 2%
BilLPFLBgREP DT IR AFHRZ Ay 3 RN L A2 FpE
A7 Bz & Y48 2 5K+ (superparamagnetic iron oxide, SPIO) (T, ¥+t #|) » 4 "a @ ¥ (V4 2 F 4
F AREEROREP LI RBLENAE S AF PN L LA ST RS AP Al
T Y ToBFREVHEHY R - AAT S A5 2By Y > RPFEXEAFApF ez
PR R R A2 AT YRR > T IR ERF S RFETF
it 2w Piing s > THERF D Tomareg PR 4o Schemes 6 ~ 7 #7575
WA LHECBREFLFS AN I IR BEIEAFENT A F AT
PRA AT - 20 ogE A F A S e BATHT I R e R G - REVEER o gAY H K
88 Herceptin (Trastuzumab) % #3473 & 2 FI(HER2/neu) 4 3| 54 & 2. # # - THER2/neu
ARy PN - AR FHL TAFIAZEFFIELES 2 39, (human epidermal
growth factor receptor 2 protein, HER2 protein) » i&ff v FH ¥ thmie it » ¥ v 5 - fad £
BREB VT UBENLA it s BB A5 o HER2 AT e k4P o ¢ A&
4 +~ £ HER2 % % (receptor) » » rj-*‘u{g 3 HER2 i & # 3.(overexpression) s % » i = fw ¥
Peig 4 £ oo dek pimie - S o @ TRk AR B riibfﬁﬁ')?? AP AT 25% 3] 30% H K lm
% HER2:E A £ MePi g o d 2l %P ¥ 42| HER2 36 A % 7 & A E R &1 %3
4 R F2 - o ST dea 35 B - FAE S i e d] HER2 enrt iy 0 IR b g a bl S AR
sz e £ > Herceptin 32 8 iz k34 v Herceptin £.4 DNA A F]& ‘e Hjirdl & 4 (v H &
#7.48 (humanized monoclonal antibody) » 4 i ¥ k2t B 2L 8 A W Rl 7 ¢ 3 24 3§
FLFEF o P Herceptin cni®* {8 ARRFEH 27 » 1 BTV NEHMR T A%
B imre HER2 1+ > "% i< HER2 3-v chif & £ > &7 ER¥AB w4 &> o 4o Scheme 6
Sron o PR E-E (Y48 A S 3 £ @ 3 4F Herceptin(CLIO-EDBE-Herceptin) » ¢t 4% 2 5t
FF T PRI R A ETLETRE HER2 X2 MRIZ ¥ » 12 Z S %2
o b ¢h s e Scheme 7 #777 > AP FHDIEF LN EXNEF =7 §F AP RE R
HAg o L& SPIO 4k¥isg &4+ SPIO-mPPDA - & B p it 2 #2Px MMP-7 <X B % B}



cysteine ehFnd 4284 » AR E PAEIL 2 AP VA2 K3 2 TodR o4 H o § 1
% F #F SPIO-mPPDA 4%+ B p kit 2 vbx MMP-7 £ 7 » 7 p 1t T4 4
MMP-7 3o 5k & 2 2 4 M R %6 12§ 0 @ EFI P R0 MRIE 0P e Jid 47 4 A7
E PR 2 AT A E F T o MR CERE AR RS ) kP R
F 2 P PR D e B iens R o B B AT e To RS D A -



g
(D7 Wi+ 2 § L4z Fps =
. AR A=A T LR &5 7 B3 2 & 3 (Bz-CB TTDA 4) (C-(1-Aminomethyl-
cyclobutyl)-methyl amine , 1)2. & = *
#-Cyclobutane-1,1-dicarboxylic acid diamide (5.2 g>36.6 mmol ) ¥ *t 2 5 & s T 3 iz &
»F o oerkiE TAe 2 250mId ke & A 22300l T ARew & A v ikip T OF RBL) pE o 4
FFITO°CE 36/ P> 2 84 » 7 fiRo & R {8 #3501 > 40 250 mle FR{=50 ml 3
fa (6N) 4c# F[80°Ci jinl2 | PR Gz ¥ (FK ¢ W ks > #pt—- b U BpRBSpHIE R 2 2>
S QMRS e d kR 2 BRI B L0~2.0 N G® A R R R
Pk Hpte it 17 A2 F 3.0 g(26.3 mmol ) & 5 70.9 % ESI- MS: calcd m/z 114.19, found 114.76
[M+H]". Anal. Calcd (Found) for CgHi4N2-3HCI: C, 32.44 (32.23); H, 7.20 (7.66); N, 12.24
(12.53). *H NMR (D,0, 400 MHz), & (ppm): 2.95 (s, 4H, NH,CH, CCH,NH,), 1.87-1.81 (m, 6H,
-CCH,CH,CH,-). *C NMR (D0, 100 MHz), & (ppm): 49.93, 49.81, 36.91, 27.73, 26.28, 14.46.

2. (L-phenylalanine methyl ester, 2)2_ & = = j*

frkis ™ o 6.6l ml end; grfig# (thionyl chloride » SOCI, ) 4 » 40 ml en® g @ - $§ &
30 4~ 45 o 4 ~10g #hL-%F %% (L-phenylalanine) 4c #1370 °C ;i » & 824 | PF o F R4
hfsH#ip i gc o * ¢ g (diethyl ether) £ 2R E 3 v ¢ B - M F HpF v ¢ F41159
A % 88.3 9% ESI-MS: calcd m/z 179.22, found 180.13 [M+H]". Anal. Calcd (Found) for
C1oH1sNO,-HCI: C, 55.69 (55.32); H, 6.45 (6.54); N, 6.49 (6.35). *H NMR (D0, 400 MHz), &
(ppm): 7.36-7.20 (m, 5H, Ar), 4.36-4.34 (t, 1H, J=6, H,NHCH), 3.75 (s, 3H, OCHs), 3.30-3.12
(m, 2H, CH.Ar). ®C-NMR (D,0, 100MHz), &(ppm): 170.2, 133.9, 129.5, 129.4, 129.3,
128.3,128.1, 54.2, 53.7, 35.7

3. (2-amino-N-((1-(aminomethyl)cyclobutyl)methyl)-3-phenylpropanamide, 3)2. & = * j*
#-3.6 g (31.5 mmol) = C-(1-Aminomethyl-cyclobutyl)-methyl amine (1) ;3 %100 ml

¥ AR Y e 2500 ml sz §FgEy 0 &% = 2 AAvkespH B F]9~10 - #5.1 g (28.7 mmol)
¢hl-phenylalanine methyl ester( 2) 100 ml 77 f4e » E &R F ¥ o2 3 2w i F 40 £ 560~70



°C» ﬁ&-iﬁfﬁ'g,%”kﬁlﬁl,ﬁ)\ s F 19 ol PE e KRS R (SRR K ﬁﬂ’}ﬁk‘;}‘%ﬁb’é‘?” 2 2 £F PN
(NH, OH) # 233 L 11 & (CHCIg) BORAE(TEE o B R o rL R R K S T
#ik$ 4 W k$#29d11.1 mmol )z %38.6 9% ESI-MS: calcd m/z 261.36, found 262.18 [M+H]".

Anal. Calcd (Found) for Cy5H23N3O-HCI: C, 60.94 (60.49); H, 8.43 (8.12); N, 14.53 (14.11). 'H
NMR (D0, 400 MHz), § (ppm): 7.29-7.15 (m, 5H, Ar), 3.57 (t, 1H, J=3, H,NCH-), 3.20-2.95 (m,
2H, -NHCH,-), 2.89-2.76 (m, 2H, -CH,Ar), 2.21-2.05 (m, -CH,NH,), 1.69-1.66 (m, 2H,
-CH,CH,CH,-), 1.52-1.45 (m, 4H, -CH,CH,CH,-)."*C NMR (D0, 100MHz), § (ppm): 176.88,
137.37, 129.38, 128.90, 127.11, 56.60, 45.82, 43.99, 42.36, 40.90, 26.59, 26.51, 14,27.

4. (4-benzyl-8-cyclobutyl-3,6,10-tri-(carboxymethyl)-3,6,10-triaza dodecanedioic acid, 4)
2 & H3

B~2.4g (9.2mmol ) 2-amino-N-((1-(aminomethyl)cyclobutyl)methyl)-3-phenylpropanamide (3
) F F TS r36.TmMI GERSLIM) T omizor & A oo s F|T0°C 0 K OR36 )
R GRS VP ) 5 ﬁﬁﬂb&:}e‘v% v e 250ml 2 pEfelOml @Ak (6N) 4r# 3] 80°C > it
12 P PERSRET ) U E FEOREFERFE B WA c M ER ¢ k4199 (7.7mmol y
gt F kPR F PR s e /\E‘(mﬁw(SOg 57.8 mmol) @ ;A% ¥ ApH 10 =+ 15 >
4v » BrCH,COO"“Bu (6.1 ml > 42.4 mmol) 4r# ¥ ;ind8 /| BFis BRI iz & F 2 R 7 5
B Bog O & ¥ #-H 550 4o ~ BE(100ml 0 3 N) WEETF 24 [ PS5 #pHiE D
311~125 F a2 Ry (200-40032 17 6 Mo B 0.8N T e 3w 516 7 8 A 40 1.4 9.7
mmol )& = % 34.8 %ESI-MS: calcd m/z 537.56, found 537.84[M+H]". Anal. Calcd (Found) for
CosH35N3010-3HCI-5H,0: C, 40.52 (40.74); H, 6.57 (6.56); N, 5.42 (5.70). H NMR(D-0, 400
MHz), 3(ppm): 7.34-7.23(m, 5H, ArH), 3.82-3.60(s, 10H, -CH,COOH), 3.58-3.28(m,
6H,ArCH,CH,NHCH,- ), 3.16(d, 2H, J=14, -CH,NH,), 2.71(m, 1H, H,NCH-), 1.87(m, 6H,
-CCH,CH,CH>-). *C NMR (D,0, 100MHz), 5 (ppm): 185.04, 136.48, 129.59, 129.30, 127.52,
62.05, 60.68, 60.27, 58.30, 57.36, 55.36, 54.41, 53.09, 39.39, 33.14, 30.14, 15.86

5.NB-TTDA-BN z2_ & =

#-NB-TTDA 0.72 5.(0.862mmole)£2 0.5 5. erresin(0.31mmole)*x & »+ PS3 ek g #
4v » 10ml =Dimethyl sulfoxide % 5ml :N-ethyldiisopropylamine > §| * PS3 & j&24-] = » &
B E2510ml 2 fed 43 K,% A R AR B G2 A R (TRA) /2 3k
ez Feit 4 (EDT)/ = ¢ @ (TIS)Z #8414 ] 5 945/25/25/1 ¥20.5 g0 resin> o 4 &
AL P304 (50 * 7 R 2 7 Fkresing £ R-H Ey 0 e B ik 0 The 2 2 iRe fof]
ANz A EE RO I FRIESGEWHE R ac(FIT T F R AR A S 4 ) R F kT
FHF ke plRLE > 1% %ﬁt'“ Wi& 7 4 X) 54 40 i 33 21500 rpm > T - A A
RE B AT BB o mUFR3E5 0 E R R L A BP o I F R R G
FESA s de L B R 3 kg4 0k 2 1 F 4k sk (lyophilized) s 2 - F At ene
AR T PR VR Rk B FIde A 0 £ 1% HPLC 4
114 v o ESI-MS: calcd m/z 1623.2, found 1623.8[M+H]"

6. RRERAF 4B FFe4E2 3 K £F SPIO (MnFe204) 2. & = 3 &

#- Fe(acac)3 (2 mmol » 0.71g) ~ Mn(acac)2 (1 mmol » 0.25¢) ~ oleic acid (6 mmol - 1.7g) -
oleylamine (6 mmol > 1.69) ~ 1,2-Hexadecandiol (10 mmol-2.55g) frbenzyl ether & & ¥ *+ 3 &
o BMAEDT 200CHFF - | FRERETR LSS > X s 300C 0 Flddp T
BRIFF - PR EET 2E o A S~ [R5 2 8000rpmaes o X U F R A
“f A o H AR {82tk d P 5 SPIO (MnFe204) ¥ ;4 3t chloroform ~  hexane %



A o K ),’f%%gsl B benzyl ether e s & B Sdr ik & ;ﬁfu FHeS ks ¥
MF N REMAEERE R Z AR .

7. N,N° -APTES-mPEG-N-Boc ethylenediamine (MPEG-NBoc-silane)2. & =

APTES-Ac (5 mmol > 1.4 g) ~ mPEG-Ac(5 mmol > 10.5g) ¥ N-Boc ethylenediamine

(5mmol 0.8 g) % f# &.dry dichoromethane (20 ml)  z_ @ »¢ » TEA (5mmol 0.8 ml) »+40~45C
e IOAF F TR RT2 PR S F Bk BER (8% hexane {7 J) mPEG-NBoc- silane °
Yield:39.4 9% (1.9 mmol:4.59) -1H-NMR:{CDCI3-300 MHz} 6 (ppm)=0.76 (t>2H-Si-CH2-C>
J=4.2 Hz)1.24(t9H-CH2-CH3:J=2.4 Hz):1.42(s9H-C-CH3)2.48-2.67 (m-2H»-C-CH2-(C=0)-N;
2H>-C-CH2-(C=0)-0) 2.82-2.98(m »2H »N-CH2-C-(C=0)-0 ; 2H » N-CH2-C-(C=0)-N: 2H »
N-CH2-C-N) » 3.20(t » 2H » -C-CH2-NH-(C=0)) - 3.27(s *3H »-O-CH3) »3.54-3.70(m >~190H »
-(CH2-0-CH2)n-) +4.18(t 2H -C-CH2-0-(C=0) » J=4.2 Hz) - FTIR(KBr) : C=0 stretching : 1657 ~
1724 cm-1 » C-O-C bending : 1101 cm-1 -

8. N,N° -APTES-mPEG-N-Boc ethylenediamine (MPEG-NBoc-silane)z. -k f%

% 0 #N-Boc 4 R R < NH2 > rutrifluoroacetic acid (TFA)#2DCM (TFA/DCM =
1/1 20ml) 4c ~ N,N° -APTES-mPEG-N-Boc ethylenediamine:& (= & & » = /] BFis T % = -k
f2 o B fs 11 o @ o e iz (ethyl ether/hexane=1/4) # K%TFA I 45 1 mPEG-NH2-silane -
1H-NMR : {CDCI3 >300 MHz} & (ppm)=1.09 (t->2H - Si-CH2-C »J=2.9 Hz)>2.54 (m-2H -
-C-CH2-(C=0)-N- ; 2H » -C-CH2-(C=0)-0-) » 2.67(m » 2H > N-CH2-C-(C=0)-N- ;
2HN-CH2-C-NH2) »2.86(m » 2H » N-CH2-C-(C=0)-O- ; 2H » N-C-CH2-NH2) - 3.13(q -
2H »-C-CH2-NH-(C=0)-3.32(s>3H>-0-CH3) - 3.59-3.70(m > ~190H > -(CH2-O-CH2)n-) >
4.22(t » 2H » C-CH2-0-(C=0) > J=7.8 Hz) » 4.45(s » 3H > Si-OH) -

9. kD4 2 & = (Leu-Ala-Arg-Leu-Leu-Thr)

A P A * FApiErk & = ik (solid phase peptide synthesizer-PS3) &k * 2 475 5 N =4
£ 3 Fmoc i3 A 2 Rink Amidest?s » 2 %ﬁ Fmoc 3£ 2L 2 :#&] 5 20% piperidine (in DMF) >
2 benzotriazole-1-yl-oxy-tris-pyrrolidino-phosphonium hexafluorophosphate ( PyBOP >
1-hydroxybenzotriazole (HOBT ) 3 ®& & 2&#| » ;3 3t 55 it 24| 0.4M N-Methyl morpholin (NMM >
in DMF) » & B 4% } Fmoc-Glu-Leu-Ala-Arg-Leu-Leu-Thr-OH » & 3% - & %eflpats > if Bo— i
Bfq e fTKaisertest 47 > FE T E L F FH P FAFK F S 65 - By ARSI
acetic anhydride (Ac20)»#-resin %5+ X 5 & 5 A kit AN BT F o g AR PNz 2 £
FEF f T - BoRAM £ R HHE LR IERR S L - £ 220% piperidine 47 R
Fmoc Wikzk » 10 ™ AR F Bty o #0 F Epis £ 3 dcdkresin e 25 mL R &34 (TFA/
H,O/ TIS / EDT = 94.5/ 2.5/ 1/ 2.5) i* % *» % resin % 3 % A g A o K,% FA 4~ resin
oI RT BRT 2 P PF LT FRR resiny BH R I T B Rk o kSRR A F
Sml {4 % &< g >3 2 % ethyl ether 45 J193 o 3w T A 4815 @ iR - €47 F i # 17 3~5
Tt R A~ LSRR RIS A iR EDA ) U MassBI T A B R E AT R o

10. SPIO-mPEG-D4 2z & =

SPIO-mPEG-D4 (10mM (Fe : 8.6 mM ~Mn : 1.4mM) -2ml)-2D4 (20 g mol »17.1 mg)
% 2% dimethyl sulfoxide (DMSO > 5 ml)¥ > 4t~ PyBOP %2 HOBT i & & F B
overnight o # {5 * i% 459%(Mn : 1000) **4°C ez -k #? it > ¥ {#SPIO-mPEG-D4 -



(2) 3 ¥ & (relaxivity)d#= 3

Fetll 2 4673 FpHE 67 F k& (1.0~2.0 mM)2 4 £ 4 &+ % % Ty (spin-lattice
relaxation time) % T, (spin spin relaxation time) z #] = > @& f|* 0.47 Tesla (20 MHz)
relaxometer » % JB] ®_@v 90° % 180° 2 "% i (pulse) % JF G @ o L N F #Ew §
(inversion recovery)®% =5 7Bl € 4" & Fodh & F» 5 R Ty 0 A W00 B PR 2 5| (T Hik
BOFHE > B2 A F T L g T o

B) &R/ EFPE AT LRIT
PR KA T RP-g & %r#mi’”“%%&1é:mﬂﬁékﬁ

Bdyp o PoF AR R G e+ 1 105 & 0 R RMIEL2hriE > A iR E R4 £
s &4 o MD0Z HO4 wlfe & AmMMengs & hds & 4 > 1% § % k¥ lialv\w:?'l t & ﬁ’%
#LH D02 HO? 2 #55 kL A7 &7 EF » 3 230" 27 Al L4l
3Bk & B Gk A T B(An = 1.05ms!, Ap=4.2mst) e gt 2R (1)L R B St

$OH NHZ CH%® 7t bz fiei=d > JU% 4@ % & Bagpd ST RI\2Z AR > febd ¥ kX
nim/? B2 2 p by gL AT B AREBGEF AP p kAT
qie °

q=A[l/ rho-1/ 7p,0] A=1.05 (1)

(D PRSI FTEFR(ME ERBEF LA TRERRPERT (1)L ]
I 400MHz b+ 4r %3 % Bl 24 & Bss £ 0170 5 8 2 (UT1, UTQ)eit 5 1=
#(0)% fa-kenl70% i 5 (UT1A, UT2A) e it B 248 (0A) © 24 #h > 358 1k b enge i 5oz
v 8 =45 (UT1r, UTr, or) o 3 % #-ipt fic@ 11 2 55(2) - (9)1‘:&3\%79’ fe B :& {7 curve fitting
RS e S S VINE S 8 O
1

_ 1 2)

1 1t
T, BT Tal| Tn+tu

r

1] L_L}_i" T (g + T, )+ Awd | %
T, RIT, T, w4l |:.T_\! + T\],]_ +Aoy (‘ )
A,

A = l[m @, |= - +Awm
Ry M+TE 72 f + A0l

(4)



He Py 252340 F s aqy o3B30 72 Aoy ¥ 1L 255 (6) % 7 2 ¢

R RT

Ty h

1 kT {as* jﬂ}
exp —

gripS(S+1) 4
Ao, = —:Ao . =C. . Am
M 3k,T 5 05 os B0y

(6)

O ASTE AHT A w4 S 1L uE s 1 g Eisotropic Landé g factor (g = 2.0 for Gd**) s
S 7+ i &+ #(7/2 for Gd3+)’B{E¢ii§%3§ &> kg E_Boltzmann ¥ #ioug 4 &+ Alh 4
Gd-''0 e B84 ¥ #

YO gim gk S A7) RE

T 15

(1 | V08, 115S(S +1 3n® 2 ) :
I 6|ﬁ‘fﬂgaa{'rﬁ ! :IT_R_ m I,(i;jl}f_(l_q?é}rﬁ
T (7)

R
1Y 4.-1-{ g IGﬂ’G

( \ 2 2 2




He g e gt (-3.626 x10 rads ' T Y o r 2.7 3 2170 frag skppdg o | 24 g
(5/2 for 0) » A w mim & ¥ B P WA S

YO goagdvd 2 250) %7 :

-

‘ T g (8)

11 _5(5—1)|-’A
T, T 3 Lk

dtAP R R - e kR 20 IR R (UT) R B R R dehip
4o #254(9) ¢

L _ 1 ol 1 ] (9)
I T R \T 310.15) :

(5) & & Bk & 52 A M iF o (HSA)Z B &l 4 T
E-titration
ey £ B &2 ERFLS01mM (0.6 £ ) 450 mM > pH 7.4 2 PBS  fir
i% 7% (Phosphate Buffer Saline) # » % % #fx FFv (HSA) 2 kAO0~14mM - & fel
10 & 5 & * 20 MHz Relaxometer » 2| £ # %250+ 0.1°C T é'H 4 5 S pF(Ty) &
£z SRR R AL

M-titration
ﬁja’@i{gb e L2 kR 501-20mM (06 =2 ) A50mM - pH7.4 2 PBS % %
¥ B TA R G e (HSA)z k& 5 06 mM>xped 10 A& @ * 20 MHz
Relaxometer » B & # %250+ 0.1°C T eH %3 SR (T)) £ 8 = 2 REEE 5
7}. o

(6) Invitro B {2 =3
s 2 4 2R P2 Bk B B|Gd-NB-TTDA-BN - i% #% positive
(PC-3) % negative (KB) cell line {735 % 2 {8 » f|* iR BB F 2 P if o

(7) # 8 k4csk (Dynamic Light Scattering » DLS) B &

DLS chp @ Z 4% & % ¥ - L& 1 SRS A AT AR TRIFRF 20 2R &
BoF s LSELnlk S ERATAT- BERERFHELERRE TR > LREEH
AR H AT P S T ] 2 A& F o % SPIO-mPEG -~ SPIO-mPEG-NH2 =
SPIO-MPEG-D4 -k it o » fetil® 1~10 mM ek (1 ml) it d 30 > Eiplls

' , 2 =
gk & BT o

B) e EF (r]) 2HwF¥F (r2) 2 Rl=

# SPIO-mPEG  SPIO-mPEG-NH2 ¥ SPIO-mPEG-D4 -k i # &l wlfie il & 7 1 3
kR - £ 41* 20 MHz relaxometer £ # & £37.0 + 0.1°C %iw s ¥pERF (Ty) 2 #
vHEEE (T) -



9 FENT S HEEE (TEM) 2Bz

fefl 0.2~059% (W/W) 3 i“48 3 F k3 3 1% £ of Sk S B A S0 40 dr i 1o &
Hp RGBTS0 MBS - EHFN200~300 R4 EE A Lo £ H
+Ti2a¥:_43_ °

(10) BCA 3¢ fFripls
T B i PK. Smit F 4 2 PE. Tylianakis % A3 L A#H DR F I F0 TR E o

#-BCA potein assay reagent kit <7A~B & 250:1 884 R & > B4t lé%'_*ytl s dd o B2 ml 3

W g o RS R U‘%‘”r% P B B30 Ao ekt d B Y PERET BE RI o RIE
2 kv ’Ffr'\‘aipimx%

bal

cu”™ + Protein or Peptide

(11 In vitro 4 B 5y
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d 1 @ % ¥k k%P 2 [Eu(CB-TTDA)]? 4[Eu(Bz-CB-TTDA)]* & ¢

i DO 2 H,0 ¥ st X ahE 2 @ JI* plFar @ x50 (1) &

[EU(CB-TTDA)]? 4r[Eu(Bz-CB-TTDA)]* & & 2 p &k A F #i(q) A~ 4 3

121(1);; 126 o ¥ Lk %7 #P > CB-TTDA ¥ Bz-CB-TTDA 2z p & -kA

¢ A1 FLCB-TTDA i 72 jrd dr2 & TTDA A A %44k i 24 2
PritEgm A - BRTDAREERECES -

2— 2—
% 1.[Eu(CB-TTDA)] #[Eu(Bz-CB-TTDA)] 4 & &4 2.q & -

Compounds q®
[Eu(Bz-CB-TTDA)]* 1.26 £ 0.02
[Eu(CB-TTDA)]* 1.21+0.01
= ~#¥F (relaxivity, rn) % 3
22 47 48BN b#[Gd(Bz -CB-TTDA)J?2 % 3 % % % 429 mM' s* > H @& 4r
4% 2t 1 S5 [GA(CB-TTDA)P~ 3 % % 412 mM* s"~ = F 385 6 + %14 #|[GA(DTPA)]* 1
2 Lw kR R B 2 [GATTDA) 42 % ¥ % o8+ & CB-TTDA ¥ 5lig ¥ At &
ﬁ-/? %%’f Rk sFE W"ﬁrs Haw gk Ram 1 E4r4p 4§ $:17[Gd(CB-TTDA)]? -
e BEH G Al 2 B Fla g %% L 2 [GA(TTDA))® 2 [GA(DTPA)* -

4 2. [Gd(Bz-CB-TTDA)]*~ [Gd(CB-TTDA)]? ~ [GA(TTDA)]* ~ MS-325 ¢2 [Gd(DTPA)]?z
3% A37+0.1°C » 20 MHz o

ComDIex pH relaxivity r/ mM*s’
[Gd(Bz-CB- TTDA)] 74+0.1 4,29 +0.03
[Gd(CB-TTDA)Y 7.4+0.1 4.12+0.05
[GA(TTDA) 75401 3.85 + 0.03
MS-325 PBS 6.84 + 0.48
[GA(DTPA)]? 7.6+0.1 3.80+0.03
2 pRkEIFR F (k) B3 HEBEHMERTF (r) 273

d % 3 ¢ %\, ’[Gd(Bz -CB-TTDA)” K kA 3+ 2 #tiE & (ko) % 271x10° s>

#8375 123 [GA(CB-TTDA)]* (232x10° s*) - #[Gd(TTDA)” (146x10° s )%k # & » ¥ if
MS-325(6.1x10° s 2 [GA(DTPA)]> (4.1x10° s %)% i% 5<% #t-7'O NMR % % %+ &7 -
[GA(Bz-CB-TTDA)|* ¢z & 5 s+ 4p b p¥ ¥ () % 151ps » % % **[Gd(CB-TTDA)]* (114 ps)
2 % **[GA(TTDA)]*" (104 ps) [GA(DTPA)]* (103 ps) » v <> MS-325(188 ps)H f F] &
MS-325 cha 3 Bt » A g B AFHHAAMPER (®) H 4o
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%2 3 J'ONMR #ypEmai&-pid BT 2R8e50 8 2.
Parameter Bz-CB-TTDA CB-TTDA TTDA MS-325 DTPA

Kex?2® (10°s1) 271+3 232+ 4 146 + 17 6.1 4.1
AH? (kJ mol™) 23.1+0.1 235+04  23.1+05 53.7 52.0
AS? (3 mol* k") 59+0.3 58+10 -111+3.1 65 56.2
A/l R (10° rad s*) 35+0.2 37401  -32%03 -4.46 -3.8
=28 (ps) 151+3 112+2 104 +12 188 103
Cos 0 0 0 0.23 0.13
Er (kJ mol") 272+11 13.6+08 248+15 315 18

2 LR EFEHSARSZ R ES (n°) =g
CB-TTDAZ Bz-CB-TTDAS & 4 & 4 2 ‘B’ ‘M jF 2.8 % -] 223%77 od B¥ &
i BB P 25w S EFHSAE R R e F A o

E*

[HSA](mM)

W 3. Ej %%+ [Gd(Bz-CB-TTDA)> (A) & [Gd(CB-TTDA)]* (#)(0.1 mM)
#HSA (4.5%) % 20 MHz, 25.0 + 0.1 °C, 50 mM PBS, pH 7.4.

GdLJF imM )

B 4. 4% HSA 2z [Gd(Bz-CB-TTDA)]* (A) # [Gd(CB-TTDA)]* (#):Scatchard
plots, 20 MHz, 25.0 + 0.1 °C, pH 7.4, 0.6 mM [HSA]. r = [GdL-HSA]/[HSA]+



2 4 A F Fo (HSA)Z 4t Sk

Complexes Ka(M™) n b r" r?
(mMts™ (mMts™h
[Gd(Bz-CB-TTDA)]* 1.7+0.1x10° 1 13.1+0.4 51+0.3 66.7 + 2.2
[Gd(CB-TTDA)* 1.1+0.1 x 107 1 6.1+0.2 48+0.1 29.3+0.8
MS-325 3.0+0.2 x 10* 1 - 6.6 + 0.4 47.0+4
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P g R g s ()T uEd bof ot @ [Gd(Bz-CB-TTDA)J*/HSA 2
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P &g % >*[Gd(CB-TTDA)]* » & ¢ — i &k F1 4% 5 [Gd(Bz-CB-TTDA)]* 2 } k& -k A F 4 # i
Fo Tl F 0 BAEEY LM F R0 o %P K% [GA(CB-TTDA) -

~ Invitro R E{F 3

#EU-NB-TTDA-BN #2GRPR i/ % B2 PC-3 % 7| ¥l im® > A % £4°C %37
C ridtsd ¥ LM T THLE R o d 2%7 #2 EU-NB-TTDA-BN #£37°C 742
ZPC-3 iw% £ ¥ gimievi ~ @ 7 % 30 BiGRPR i & £ W iw e o

(A) (B) 4°C (C) 37 °C.

W5.4-PC-34m % % 4c » (A)Z 4c » ImM Eu-NB-TTDA-BN(B » C) » 4 u[32 % *+4 °C(B) % 37
°C(C)2 % 4 -
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16 & GA-NB-TTDA-BN fuin vitrogi je ¢ #:2 % B > ¢ %% 7 2 GRPR#B A& 4 2
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Without contrast agent
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[Gd (NP-TTDA)]*
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W6. PC-3 cells(GRPRi& & # 7.) 2 KB cells(GRPR & iff & % )4 & & 4r » % 4c ~ 1.0M [Gd
(DTPA)]® ~ [Gd (NP-TTDA)]* ~ Gd-NP-TTDA-BN ~ = & BN+ % 2_ 48 *t MRIE i o
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Bk o g e v 43 48 2 O B F &2 % m § £ + dextran -
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B 9. CLIO-Herceptin 73 /% dsgpidr e b T 1% T H T 3 BB B TR L P i
v ¢ bar 5 20nm -

FI* RIS AT RBIEF - HFAS 2K £ B2 BJEA # 4o@ 10 #7r » SPIO ~ CLIO -
CLIO-EDBE % CLIO-Herceptin 1T 3o = 4 w] 5 26.1+0.2~352+1.1-413+0.8 % 67.2¢
1.4 nm o SPIO e jsvk -] %+ P % Tk & * ozl & e #r(Resovist ® » 50~60 nm) > 4% + Herceptin
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B 11. & 298K Applied Field (Oe) T'T'J
*AZEF 5 F kRl E CLIO-Herceptin eg iv & o

FH-iR £ 4 17 100000e $]-100000e -

% |¥7ror & & 2. CLIO- Herceptin 2 TR EPFRERERERIE B F 2 BB AT F pH
KiART AUk - B 12 5 & E%F”HPJ SPIO ~ CLIO ~ CLIO-EDBE % CLIO-Herceptin z_ >
Bl d BEFRI AP BRSSPI ZRE > BT AR R ATE X2 P
% A& o @ * 20 MHz relaxometer » A 37.0+ 0.1 °C 2. * » jp|& CLIO-Herceptin =4 3 %
PR w5 “%H%F'& FEBr1: 21 £+ 1mM-1s-1%2r2 3% 144 + 2mM-1s-1-r2 /r
12 ®% 6.8 Eplr gy d Ei’ﬁﬂge‘t«?f“ v A AeB 13 7 0 £ R PFRY 3%
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B 14. #- CLIO-Herceptin » 47>t % F pH E-k37% ™ » T EpFRBERE L4 % -

A~ CLIO-Herceptin 2_ %8 *} 9 5%

A% EY L3 7k HER2/neu 2 3 E 2 3V ve ’BT474 SKBR-3-MDA-MB-231-
MCF-7 2 KB fm%z » 2 (788 ¢ F 52 #8 3¢ o ;ﬁd ¥ 7 153t # CLIO-Herceptin 4w %z p & it
R 3T o HB-lmie y R T2 3V & ¢ 22 CLIO-Herceptin 3 % 18 4r_ IN
anti-human-IgG(y-chain)-FITC - £ 1% & £ & ¢ & B Bl o Herceptin & =t IgGl
. 8 -anti-human-1gG( v -chain)-FITC £33 3| 1gG1 g p - ¢ % 1gG1 #m%*"mv -chain
S S ;ﬁd anti-human-1gG( y -chain)-FITC } £ FITC » )I*Jv? AT E ¥ Jo%w‘itﬁ ;*/PJ
CLIO-Herceptin £.F 7 3| fmre 3t chX % o § e 5 CLIO- Herceptméﬁ
HER2/neu # #1% % g > B4 » anti-human-19G(y -chain)-FITC ¥+ & ¥ & &g ki + 5 FITC
%k LT o om 5 7 PR T ¥ CLIO-Herceptin ¥ 7 I fmPe 3 b X ‘%’;,mé;t.p koW Lj\*;f!,%;
BHE-falwe 2 2 BH& o — B4~ CLIO-Herceptin » ¥ — i 7 4 » CLIO-Herceptin #-#
BRIV HE 0T R X BeEEakw o BT-474 % SKBR 3 & &3 HER2/neu
AF B R LR e > § 237 Herceptln B!? » Herceptin ¢ + £4& %3 e i 6
MDA-MB-231 % MCF-7 p| 2 > & 432 w*% > KB m—u % EFL HER2/neu AT o d B 15 %
% &t > HER2/neu A #14 & fﬁ k- év’v.fsmﬁé;gi ook 4 EFL@, R0 1 F % R HER2/neu A Flenim e
I S P

BT-474 SKBR-3 MDA-MB-231 MCF-7 KB

B 15. * F HER2/neu £ F1& & 2 'w? A& 4°C T ¥ CLIO-Herceptin 2 % 5 >
anti-human-1gG( v -chain)-FITC g g8 & L2 i -

™

19

F1* 7 = HER2/neu £ F1 % & 2 w7z $& k P|2E CLIO-Herceptin chim?e 3 4> hlmbe 3 |25

PERZ A R SRR D1 5 10mMM $ 2R wre (101 B e )i (7Rl o o B 16 e

FMFHEEET 4 % 23 F k&M CLIO-Herceptin(l0 mM)2r imiz sz % > ¢ < £ 47
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Hlime 4 £ > A2 F R A HER2/NU A Flik 5 2 enmie b > F 2. AMER T » W% 35 %
F 90%1 o PSR AT FEF M- Herceptindti s A AR o P e T
PRI T ’*JL’“* £ # R HER2/neu & Flenft g mbe 7 & prd| B mre 4 £ > & B L Frdlin
A RRRBEAVENFTIRFMIE AR R SRR T X @ A LY B BT

* o

120
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B 16. # F HER2/neu A F#RE2 %22 kR 2 CLIO-Herceptin 32 % {551 MTT
SRRl 3 EF o %d L BT-474 e | =4 5 SKBR-3 % ; § ¢ 5 MDA-MB-231 ‘=
% Fd 5 MCF-7wm% ; %4 57 KB m% o

ARG F %Y EY 3 AR HER2/neu & & imie ther CLIO-Herceptin it {733
s 30TMRI 2744 - B 17 28BS % o d %K1 "m”é"‘i"P/@i %1&,@’} 5
HER2/neu # F% ®enimve (BT-474 2 SKBR-3)» H B M AR 2 ~ WELE T % 5 > jpgpt
#0431 HER2/neu # 715 B e (MDA-MB-231 2 MCF-7) » # i > 81 ~ B &
TR A S o B-F 5 e w2 (BT-474 - SKBR-3 ~ MDA-MB-231 % MCF-7)4c » ¥4 & i 51
“frt LR e o~ HFR GRLELE - ¥ {8 o2 B2 i enhancement(%) 0 4 W] E_ 75.4+42.4 > 70.941.2 >
40.840.9 2 25.3+1.8 % > A iy 4| fmre (KB)4c » ¥+t #|5 {& > enhancement(%) & p7 &g % it o
¥oob o REdrig BT o A rE Bt Kodak M|@'§§'3§1‘f§5 I BRI d KA
MELERSE o A% d e NAWNFLERBTE > d $2F BT .'1" A dme R
CLIO-Herceptin = % % ' 2 % % ¢ » ¥ CLIO-Hercptin 3 % {5 » %\» B 5 HER2/neu #£ %)
$ B imee (BT-474 2 SKBR-3)% 5 % 4 » @ #° 2 I HER2/neu £ )i & bm 52
(MDA-MB-231 % MCF-7) BRI R E¢ » 4 2 HER2/neu A Fehim® e plE s 1t 7 &
Bs &d o
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(a) (d) (e

B 17. 2 I HER2/neu £ F1# 1 # 2 ‘w7 ¥ CLIO-Herceptin % 4°C * 12 % %éﬂ’* 30T
MRI 27 @2 i &2 i L F ik acd Kodak Ml #-fpd @z F 4 3o 4
FEBlAd A N AMBEERS AR T e N AMELETE

1 ~ CLIO-Herceptin z_ %8 p 9 %

R PR %Y 0 R E R R (nude mice) © A x4 {2t 3 32% SKBR-3
3 KB Pz > FrifE =X 05 T3 anie o d EIFERLIE CLIO- Herceptm( HE 5
20pmol/kg) » £ 12 30TMRI {7 o B 18 4 i1 i4¥ wm—' - R R T Bk
Bt SKBR-3 " & % s 3 P B % 2 m % > Slpre z\frﬁﬁ'q“i%ﬂ“ﬁ?d' R
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PR R ook B R E RN sk o ¥ 0h s MepdRg BT e p A
PER Al Kodak Ml #cdie 724 > ¢ BRIZ ¢ RAMBEERSE > A% ¢ 2w i
BT R o4 A2 BT ig 0 B A4~ CLIO-Herceptin w0 % 5§ %4 0 gd kFREF
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SKBR-3

precontrast postcontrast

SKBR-3

precontrast postconirast

B 18. #-4&"8 SKBR-3 2 KB *fi%; -] B4 kR84 #% ;3 &F CLIO-Herceptin - -] pF#5 41 #* 3.0
TMRI g7 Frrif 2 Foife &2 J% £ B i Kodak MI #-%rp @ik + 4 3¥ -
FAREAd A R AN ERE > AR I S e R ANEE T o
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e w2 giRg B H[GA(DTPA) ~ [GA(TTDA)]* i » & 7 [Gd(Bz- CB TTDA)]*
3 % F g > F [GA(Bz-CB-TTDA)Y £ # 1t 4 Bidm s B4 4l mﬁgxu o A Rk A
LHEF G 0 Av P FIRBZ-CB-TTDA 24 £ Bs &4 23 P2 p K M\«? 2 e 5
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