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Fig. 1. Simple intravenous administration of SPIO. SPIO was injected into the tail vein at 3 days after LPS/saline
administrations. Sequential MRI reveals several tiny non-specific black dots induced by SPIO even in the normal
brain (arrows) as well as inflamed brain at 24 and 48 hours after SPIO injection. These spots were disappeared by

1 week.
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Fig. 2. Experiments of specific depletion of macrophage and STEALTH SPIO. In spite of administration of
SPIO, macrophage depletion markedly reduce the black dots in the brain. In addition, STEALTH particles (P-
SPIO) do not label the peripheral cells in turn any black dots were not found in the brain. These phenomena indi-
cate that peripheral macrophages are main transporter of SPIO and the those SPIO-labeled peripheral macro-
phages can penetrate into the brain over the intact blood-brain barrier.

20134712 7 2 HZHE

15



H BB RE

P-SPIO # Tid, £, WEX T AL LICES
FiT LA CBESI N5 72 (Fig. 2). k&
SRS RIS SR & — 8 L Tz, SPIO
TERAEE ST 5 L, OB MR T %
WAL, TOMBOBRELY MRI TBZE T
L. BIC W, MEMEMOFEFEIC LD,
KT AEEMEENICAVAL S LA TER
WO, LapLans, mMEF R TaaEaL
AR AT S C LIda e L2 D
N5, SEIOERD D, FHERZT T EW
FrC W TH RISEARMBO RN REN 5 5 C
EDEBOIETHER SN2, T2 D% L3
KW~ 707 »—VThHhHI ENRESHh
72. MRI & SPIO # WA CZ L1IC kD, Kl
Mk~ r07 >y —YoOMANMEEE> A &%
FRERFICBIF CE A Z RSN/, TD)
EERILHT AT LT, MEEpERO7 B X
b —7 B EANCRHE T 5 C & ARIREI NS,

X R

1) Arima Y, Harada M, Kamimura D, et al. : Region-
al neural activation defines a gateway for autore-

16

2)

3)

4)

5)

6)

#34%& 15 (2014)

active T cells to cross the blood-brain barrier. Cell
2012 ; 148 : 447-457

Mori, Y, Murakami M, Arima Y, Zhu D, Tera-
yama Y, Komai Y, Nakatsuji Y, Kamimura D,
Yoshioka Y : Early pathological alterations of low-
er lumbar cords detected by ultra high-field MRI
in a mouse multiple sclerosis model. Int Immunol
2013 ; epub ahead of print, doi : 10.1093/intimm/
dxt044

Shichita T, Hasegawa E, Kimura A, et al. : Perox-
iredoxin family proteins are key initiators of post-
ischemic inflammation in the brain. Nat Med
2012 ;18:911-917

Ohno K, Akashi T, Tsujii Y, Yamamoto M, Ta-
bata Y :Blood clearance and biodistribution of
polymer brush-afforded silica particles prepared
by surface-initiated living radical polymerization.
Biomacromolecules 2012 ; 13 : 927-936

Wilson EH, Weninger W, Hunter CA : Traffick-
ing of immune cells in the central nervous system.
J Clin Invest 2010 ; 120 : 1368-1379

Owens T, Bechmann I, Engelhardt B : Perivascu-
lar spaces and the two steps to neuroinflamma-
tion. J Neuropathol Exp Neurol 2008 ; 67 : 1113—
1121



SPIO IC & B~ 717 » — VPR HEE

Sequential Monitoring of Peripheral Macrophage Recruitment and Migration
in the Mouse Brain with MR Imaging and Superparamagnetic Particles of
Iron Oxide [Presidential Award Proceedings]

Yuki Mori*?, Ting CHEN!, Zhenyu CHENG!,
Koji OHNO?, Shinichi YOsHIDA4, Yoshiyuki TAGO?,
Masaki FUKUNAGAL2, Yoshichika YOSHIOKAL2

1 Biofunctional Imaging, WPI Immunology Frontier Research Center (IFReC), Osaka University
3-1 Yamadaoka, Suita, Osaka 565-0871
2Center for Information and Neural Networks (CiNet), National Institute of Information and Communications
Technology (NICT) and Osaka University
SInstitute for Chemical Research, Kyoto University
4Frontier Biochemical and Medical Research Laboratories, Kaneka Corporation

For more than a century, scientists have believed that the blood-brain barrier (BBB) is a sacred
and impermeable wall that maintains the homeostasis of the central nervous system (CNS) and pro-
tects the brain from harmful substances. However, recent studies have demonstrated immune cells,
including macrophages and microglia, in the CNS that play an important role in such neuroinflamma-
tory diseases as multiple sclerosis and ischemic injury. The combination of magnetic resonance
(MR) imaging with nanoparticles has the potential to allow visualization of the dynamics of cells in
the mouse brain. In this study, we focused on peripheral macrophages and tested macrophage deple-
tion methods to know whether macrophages are the main transporters of superparamagnetic parti-
cles of iron oxide (SPIO) into the brain. We observed several black dots even in the healthy brain as
well as lipopolysaccharide (LPS)-induced inflammatory condition at 24 and 48 hours after SPIO ad-
ministration. With selective macrophage depletion and histological analysis, we confirmed these
black dots were SPIO-labeled endogenous peripheral macrophages recruited from the blood. The
recruitment of peripheral macrophages into the CNS can be monitored by MR imaging with in-
travenous SPIO injection in normal and abnormal conditions. Our technique could contribute to the
understanding of neuro-immune crosstalk and reveal the mechanisms of immune cell dynamics in the

normal CNS as well as in injuries, inflammation, and diseases.
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