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| Abstract |

Molecular imaging is a bioimaging that can detect biochemically and genetically relevant
events in molecular level in cells and tissues via quantitative imaging signal. Molecular
imaging provides potential advantages to examine early diagnosis of specific diseases, to screen
new candidates of a drug, to monitor therapeutic effects in real time, and to communicate with
both diagnosis and therapeutics. These diverse advantages of molecular imaging can be allowed
by development of nanoplatform technology. The nanoplatform-based probes for molecular
imaging is widely investigated to grant multimodal molecular imaging and drug delivery together
with medical imagings, which includes the issues of biocompatibility, targeting moiety, protease-
specific peptide substrate, quenching/dequenching system etc. In this paper, nanoplatform-
based probes are reviewed in aspects of cancer targeting for diagnosis and therapy and
multimodal molecular imaging with inorganic/organic hybrid nanoparticles.
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Multifunctional Nanoparticles for Molecular Imaging
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Hydrophobically modified chitosan (HGC) nanoparticles targeting for
atherosclerosis via homing peptide, (A) Schematic picture of athero-
sclerotic homing peptide conjugated HGC, (B) NIR fluorescence
imaging that HGCs were localized on atherosclerotic regions in
vivo, (C) histological morphology of atherosclerotic region of aorta
vessel. Modified with permission from Ref. 5. Copyright ©, 2008
Elsevier C.V.

ool SdE 2, B4 QRS EAR 5

E70] Gold Hud YA 2] B}E B

Atherosclerotic targeting

g A

HGC Whegd7bh ) W) S8 0] 744 3
sich. mtebd] hegike] 2171, shel o,
welAlel Y Bl Beld o] &g
EPR E7H2 $15H 308 04w oI,
eqle] A ) shee ol 9
s BAY S thegAis A B
o] itk B volr} 2 Sold £ANE
A7) el A Bold eRheg theg)
Aol AYstel AT AYE BAY 5
Sl thegiAte] Aol Fsalet, E4 ol
ol |3 EAAe) e Ay Fold HAY
2 Yrola vhegl el EAI91A)

oA BALA| NN T2

£

a2

iy

3k

of  Hu
o, °w>3
o> o

o L
> D
fu e
T
,l N
Ea E9
o, o
> )y
o
e 2
Sy
o

of Ml

Y, @ Hdo ol

o)
5
o

)
¢}
o
&

=5
1Y)

<

ol

L

(o

%
ol

ol

u

i

o
S

3 o477} 22 2YFIthG, 4). Hong 97
-2 phage display W& o83} 1L-4
receptor’} FUEHA BHE N TS A=

o)t 2 WS} 0 1 atherosclerosis 2

o
IL-4 recpetor’} 3L F&(overexpression) & & 52 &
e A4k As Flskgidt. park I IF2
atherosclerosis homing HE}lo| =5 7|EAF Y=Yz}
EXAJ5}e] atherosclerosisE H|XGA ZA QM o=z

F¥s} skl Adsskdrk(Figure 1)(5). 3@ BAIA

Wollx o] 25 ARt whe} 3sgto R ok dedel | = 7HAAL Sl WAk 2 QA7 atherosclerosis el
4 2 A st T2 ZH8 7R YAk 7 BEH o2 FAEo] §RE FARIAL gl vieYatel v
G421 glycol chitosang &4 #4441 deoxycholic 3} NS E Sriish=d] ZabAolr), Arnict oheket
acide} s}eHA 7)1 2-& Sate] At § AV |2 Y-S S5t So]2 &34 IS phage display el ofsto]
e Y=d2E B /dght}, Park A7 1F-2 CyS.5 dye 2 5 7] whitell A 24 AE AR Sol4 e
7} A% chitosan (HGC) W=dAE <4 9)d 339 YAk 2GA 2o ko] Al Ao},

< Fote] BAEF 9 A AT e] ol whE vyt o 2GR 2 A o] e fi = vheket Fevt ks 2
o] B84 EAd w2 4= Ul 4 a3E ARER 4 % Ghoroghchian 917 152 &5 A poly (buta-

RS

L o

A
A1 s 24 BASITH2). Ak =7 o) uf2
=Q7}o] 7] 200~300nmE ZHE 0 M 250kDa

diene) £33 21=49] poly (ethylene oxide) E50 =2

R EE FTFAE o83t vesicle FH| 2

cHetel ALl X|

127



[ ]
fl= Kang EA - Kim KM - Kwon IC

% o Polymersome
L]

{:E\: Membrane :
L |

Phospholipid
Membrane

9.6nm

250
IZOO
¢ {150
100
50
0

B
Figure 2. Nanostructure of polymersome, (A) schematic nanostructure of polymersome

and dye loading within hydrophobic bilayer, (B) NIR fluorescence imaging in vivo
via polymersome probe. Modified with permission from ref. 6. Cpolyright 2005
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Figure 3. HGC nanoparticle for cancer imaging, (A) schematic picture of Cy 5.5 labeled
HGC, (B) NIR fluorescence imaging in vivo for tumor targeting using Cy 5.5
labeled HGC nanoparticles, (C) Quantitative analysis of fluorescence signal for
tumor to background signal ratio, (D) biodistribution in organs ex vivo. Modi-
fiedwith permission from ref. 7. Copyright (© 2008 Elsevier B.V.
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Table 1. Target protease and peptide substrates for specific
cancers and diseases

Target protease Disease Peptide substrate
Cathepsin B Breast cancer K/K

Lymph nodes

Lung cancer

Rheumatoid arthritis

Atherosclerosis
Cathepsin D Breast cancer PICF/FRL
MMP-2 Fibrosarcoma PLG/VRG
MMP-9 Myocardial infarction SGKGPRQ/ITA
MMP-2/-9 Atherosclerosis GGPRQ/ITAG

Macrophage
MMP-7 Fibrosarcoma GVPLS/LTMGC
Thrombin Cardiovascular F(PiP)R/S
FXllla Cardiovascular NQ/EQVS
Caspase -1 Apoptosis WEHD/DEVD
Caspase-3
Urokinase Cancer GR/SANA
plasminogen
activator (z PA)
HIV protease HSV GV/SQNY/PIVG
DPP-IV GP/GP

* This table was modified with permission (33).
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Figure 6.

Samples

MMP specific peptide probes (A) Schematic picture of cleavage mechanism
between MMP and MMP specific peptide substrate that was quenched by Cy5.5/
BHQ system, (B) Sensitive fluorescence emission by MMP cleavage dependence
in vitro characterization, (C) NIR fluorescence bioimaging that was activated by
MMP in tumor site via MMP activatable probe. Modified with permission from 19.
Copyright 2008, American Chemical Society.
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Figure 7. Inorganic MMP activatable gold nanoprobe (A) schematic picture of gold nanoprobe that is activated by cleavage of MMP specific
peptide substrate, (B) in vitro characterization of MMP dependence of MMP activatable gold nanoparticles, (C) NIR fluorescence
imaging, Fluorescence intensity is emitted in only tumor site by MMP cleavage of peptide substrate that was conjugated on
gold nanoparticle. Quenched fluorescence probe by gold nanoparticles was emitted as Cy 5.5 was departed from gold nano-
particles. Modified with permission from ref. 18. Copyright © 2008 WILEY-VCH Verlag GmbH & Co.
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Paramagnetic =

lipid

Pegylated lipid e

Figure 8. Multifunctional quantum dots with dual imaging modality, (A) schematic picture of multifunctional quantum dot nanoparticles
with multimodality. Multifunctional nanocomplex;Paramagnetic lipid for MRI and quantum doe for fluorescence, RGD peptide
for targeting, PEG for biocompatibility, (B) MRI image administered with multifunctional quantum dots, (C) Fluorescence
bioimaging. Modified with permission from ref. 29. Copyright (© 2008 Springer.
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