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Development of smart MRI contrast agents based on polymeric micelles to detect
tumor microenvironment

Nishiyama, Nobuhiro
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To improve the accuracy of MR imaging, the development of tumor-specific MRI
contrast agents have been strongly demanded. In this study, we have developed polymeric micelles composed

of calcium phosphate core, which can exhibit dissolution responding to acidic pH environment in the tumor
tissue and incorporated Mn2+ ions, an MRl contrast agent, into the micelles. Polymeric micelles could

release Mn2+ ions selectively under the acidic conditions mimicking the tumor microenvironments, and the
released Mn2+ ions showed T1 shortening through the interaction with proteins. The in vivo experiments

revealed that Mn2+ ions-loaded micelles displayed remarkably enhanced tumor-specific contrast enhancement
compared with clinically used MRI contrast agents. Also, the Mn2+ ions-loaded micelles have been

demonstrated to be useful for MR imaging of tumor hypoxia and small metastases in the liver.

MRI




MRI
MRI
Gd
Enhanced
Permeability and Retention (EPR)
MRI
MRI
S/N
MRI Mn2*
(CaP)
- [PEG-P(GIU)]
Mn CaP
( 1) CaP
pH Mn?*
Mn2+
( ) (Hypoxia)
pH
Hypoxia
Mn CaP
pH
Mn CaP
MRI
Hypoxia
Mn CaP
ERESENE  UUEBhILLIL
aE&gokBnE (PEGI‘i)(/ (CaP)F/HiF
* = Qf .f 293000 mEniEpHE T
& V\Aa Do va TinfE
o e ‘ﬂJ M DR
L ipor  PEGUT=AY rtp;z; SR DS R
& :Mn2* Mnig#ECaP =
R0 MRUESEEDHEX
1. pH Mn CaP
MRI1
(D Mn CaP
250mM  CaCl, 20mM  MnCl,
Tris-HCI 6mM Na,HPO, 7.17mg

PEG-P(Glu) HEPES
120 20
Mn CaP Mn
CaP
pH Mn?*
Tl (rl) rl
(2) Mn CaP
MnCI, Mn CaP
(LDs0)
(3) Mn CaP
MRI
C26
Mn 0.1mmol/kg
Mn CaP i.v. 1T
MRI(Bruker )
(4) Mn CaP
(Hypoxia) MRI
Mn CaP MRI
Hypoxia

Magnetic Spectroscopic Imaging (MRSI)

(5) Mn CaP
MRI
C26
Mn
CaP MRI
(D Mn CaP
Mn CaP TEM
( 2 50-70nm
L - TEM image
® "o
.
L ] size: 50-70 nm
.
] o L Scale bar: 100 nm
2. Mn CaP TEM
pH Mn CaP
Mn2+
( 3 Mn CaP
pH (6.5-6.8)
Mn2+
pH Mn CaP
T, (r) (
4) pH6.5 pH6.7



Mn2+

r
Mn

CaP
Mn2+

Mn ion released %

3.
40 3 -
HE R
T 0] NS
Sl ,flﬁ,rlﬂ‘riw,(;w,r‘ﬂ,
5 2E 3t st 33 at 43
s B OEE B BT OB ¥%
4. Mn CaP T, (r)
pH
(2) Mn CaP
Mn CaP
(LDsy) MnCI,
6
Mn-DPDP Mn?*
Mn CaP
Mn-DPDP
15 PEGMnCaP demonstrates low toxicity
%1.{}-
2
-1 05
0.0 T T
MnCI2 PEGMnCaP
5. Mn CaP
(LDso)
(3) Mn CaP
MRI
Mn CaP
MRI

Mn

¢ ©

Gd-DTPA(

CaP

Pre-iv Tumor

HO oS

[/

MRI

)
(160% vs. 105-110%)

DN
MRI

180
t§160
e
_Eu 140 A
§ —®—PEGMnCaP ||z
z 120 —8—Gd-DTPA
]_
100 :
0 1 2 3 4
Time (h)
7. MRI
(Gd-DTPA )
(4) Mn CaP
(Hypoxia) MRI
Mn CaP 6
( 6 2
8 )
Hypoxia MRI
Hypoxia
C 9
Magnetic Spectroscopic Imaging
(MRST)
MRI
« ®
Hypoxia
pH
pH
Mn CaP Hypoxia
Mn CaP

Hypoxia



MRI

9. (Hypoxia) MRI
MRSI
(5) Mn CaP
MRI
Mn CaP
MRI
2mm
MRI MRI
(
25%
Mn CaP
150%
) Mn CaP
Mn CaP
MRI

10.

CaP

Mn
MRI

Mn CaP

Hypoxia

Mn

Hypoxia
Mn CaP EPR
MRI
MRI
SIN
CaP MRI
MRI
Mn?* MRI
MRI
MRI
pH
MRI
12
P. Mi, D. Kokuryo, H. Cabral, M.

Kumagai, T. Nomoto, I. Aoki, Y. Terada,
A. Kishimura, N. Nishiyama, K.
Kataoka, Hydrothermally synthesized
PEGylated calcium phosphate
nanoparticles incorporating Gd-DTPA
for contrast enhanced MRI diagnosis
of solid tumors. J. Control. Release
174 63-71 (2014)
DO1:10.1016/j - jconrel.2013.10.038
D. Kokuryo, Y. Anraku, A. Kishimura,
S. Tanaka, M. R. Kano, J. Kershaw, N.
Nishiyama, T. Saga, I. Aoki, K.
Kataoka, SPI0-PICsome: Development
of a highly sensitive and
stealth-capable MRI nano-agent for
tumor detection using SPI0-loaded
unilamellar polyion complex vesicles
(PICsomes). J. Control. Release 169
(3) 220-227 (2013)

DOl: 10.1016/j.jconrel.2013.03.016
P. Mi, H. Cabrala, D. Kokuryo, M. Rafi,
Y. Terada, 1. Aoki, T. Saga, T. Ishii,
N. Nishiyama, K. Kataoka,
Gd-DTPA-loaded polymer-metal complex
micelles with high relaxivity for MR
cancer imaging. Biomaterials 34 (2)
492-500 (2013)

DO1:10.1016/j .biomaterials.2012.09.
030

14



, 2014 7 16
( )
, 10
, 2014
6 20 ( )
N. Nishiyama, Development of

supramolecular  nanocarriers for
cancer diagnosis and therapy,
Emerging Biomaterials 2014 (23 May),
KAIST Institute, Daejeon, Korea, May
23, 2014 ( )
DDS ,
23 2013 10 10

-11 , ,
2013 10 10 ( )
N. Nishiyama, Development of
polymeric micellar nanocarriers for
cancer diagnosis and therapy , The 4%
Asian Biomaterials Congress (26-29
June), The Hong Kong University of
Science and Technology, Kowloon, Hong
Kong, June 29, 2013 ( )

0

MRI

2013-173866
2013 8 283

http://www_bmw.res.titech.ac.jp

o
NISHIYAMA, Nobuhiro

@

®




