In particular, EI236 had anti-cancer effect with
heat induction in alternating magnetic fluid. We
demonstrated that EI236 is useful in a novel
cancer therapy. We are optimizing to use EI236

clinically.
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[BEFRBZE]
We previously reported a novel
nano-magnetic particle with anti-cancer effect,
EI236. Because of its ferromagnetism, it can be
delivered by a magnet and visualized by
magnetic resonance imaging (MRI). It also
generates heat when exposed to an alternation
current magnetic field (ACMF). We found the
key structure which contributes this particle to
ferromagnetism by X-ray crystallographic
analysis. Thus, we succeeded in synthesizing
the conventional anti-cancer drug with
ferromagnetism, HHPS133. We evaluated its
magnetism and anticancer effect. We measured
its magnetism by a superconducting quantum
interference device system. Proliferation was
measured by the MTT assay. Apoptosis and cell
cycle were measured by fluorescence activated
cell sorting. T2-wighted images were recorded
by MRI. We confirmed that it had ferromagnetic
property. It suppressed proliferation and
promoted apoptosis of breast cancer cells. It also
accumulated G2/M phase. We visualized it by
MRI. These results suggested that we succeeded
in synthesizing the conventional drug with
ferromagnetic property. This new technology
could make it possible to synthesize various
commercial available drugs with ferromagnetic.

13) AEFEFRAE, HEATISRE, ERRIE,. k8P, FENG
Xianfeng, EEHETER, H EFH—. FRFEFDS,
JTORER, JI1Z5A, A conventional anti-cancer
drug designed artificially with ferromagnetic,
EI2573M. %57 2 [E R AEFRFMRs, ik,
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[FERBE]
We previously reported a novel nano-magnetic
particle with anti-cancer effect, EI236. Because of
its ferromagnetism, it can be delivered by a
magnet and visualized by magnetic resonance
imaging (MRI). It also generates heat when
exposed to an alternation current magnetic field

(ACMF). We found the key structure which
contributes this particle to ferromagnetism by
X-ray crystallographic analysis. Thus, we
succeeded in synthesizing the conventional
anti-cancer drug with ferromagnetism, EI2573M.
We evaluated its magnetism and anticancer effect.
We measured its magnetism by a superconducting
quantum interference device system. Proliferation
was measured by the MTT Assay. Cell Cycle was
measured by fluorescence activated cell sorting.
T2-weighted images were recorded by MRI. We
confirmed that it had ferromagnetic property. It
suppressed proliferation of breast ¢ ancer cells
and accumulated G2/M phase. We visualized it by
MRI. These results suggested that we succeeded
in converting the conventional drug to
ferromagnetic property. This new technology could
make it possible to convert various commercially
available drugs to ferromagnetic.
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Development of organic based magnetic
compound with anti-cancer properties
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Development of new Thermochemotherapy with

controlled drug delivery using a novel magnetic
anti-cancer drug
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Magnetic targeted drug delivery using an
intrinsic organic based magnetic compound

Haruki Eguchi*!, Reiko Kurotani*?, Hidenobu

Fukumura®, Itaru Sato"3, Masanari Umemura”,

Yoshihiro Ishikawa™

"I Research Laboratory, IHI Corporation, Yokohama
235-8501, Japan
*2 Faculty of Engineering, Yamagata University, Yamagata
992-8510 Japan
*3 Yokohama City University School of Medicine,
Yokohama 236-0004, Japan

Abstract: We found an intrinsic organic based magnetic
compound (EI236) that exhibits anti-cancer property and
possesses a magnetic property as it was readily attached to
a conventional permanent magnet. First principles
calculations, such as the standard method of physics and
chemistry to design functional materials, are applied to
identifying the EI236 exhibited ferromagnetic behaviors at
37 °C and inhibited melanoma expansion in mouse tails
when delivered to the melanoma lesion using a

The local

accumulation of the compound, as induced by the magnet,

commercially available permanent magnet.

was readily visualized by magnetic resonance imaging
(MRI) in mice.
drug and an MRI contrast, and had pharmacological

Thus, this acted as both an anti-cancer

effects that could be delivered in a controlled manner.
The identification of such compounds may overcome the
long-standing problems of controlled drug delivery by
magnetic force and may dramatically alter our concept of
pharmacotherapy in the future, i.e., drug-targeting using a
magnet and drug-dosing using MRI.

Key Words : intrinsic organic based magnetic compound ,
first principles calculations, magnetic
targeted drug delivery, magnetic resonance
imaging (MRI).
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Development of a new cancer-therapeutic
method for malignant pleural mesothelioma

Feng Xianfeng!, Umemura Masanari', Sato Itaru’,
Ito Kayoko', Miyajima Akiyoshi', Ohtake Makoto?,
Makino Ayako',Eguchi Haruki?,Ishikawa Yoshihiro®
1 Yokohama City University Graduate School of
Medicine, Cardiovascular Research Institute

2 IHI corporation, Advanced Applied Science
Department Research Laboratory

Background: Malignant pleural mesothelioma
(MPM) is one of the worst poor-prognosis tumors
of serosal surface, such as the pleura and the
peritoneum. Depending on the condition of patient,
age, time of diagnosis, and other factors, the
survival time is from 4 to 12 months from onset of
symptoms. However this tumor is rare once, its
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incidence is increasing in the world, as result of
widespread exposure to asbesto. It is very difficult
to diagnosis to this disease, if can, it is also
difficult to cure because of lack of the established
regimen for malignant mesothelioma. Therefore,
we have developed a new hyperthermia therapy
using a namo-magnetic particle, EI236, which we
identified. EI236 exhibits not only anti-cancer
effect but also ferromagnetism, which could
generate heat power in an alternating current
magnetic field (AMF).

Method and Results: We have experienced with
use of EI236 for treating MPM cells. EI236
promoted reactive oxygen species (ROS) of MPM
cells in a dose-dependent manner. We performed
the electrophoresis of supercoiled plasmid DNA in
the presence of various concentrations of E1236 or
cisplatin. The result showed that EI236 induced
DNA nicking, which was similar to that of cisplatin.
EI236 exhibited potent anti-cancer effect on
several MPM cells in a dose-dependent manner
by MTT assay. The anti-cancer effect of EI236
was greater than that of cisplatin. EI236 promoted
apoptosis of various MPM cells, and further by
exposed to AMF.

Conclusion: Our study show EI236 acts
simultaneously as anti-cancer drug and
hyperthermic effect in MPM cells, suggesting that
El236 can assist us in developing a new treatment
method for malignant pleural mesothelioma in the
future.
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A novel treatment for triple-negative breast
cancer using intrinsic magnetized paclitaxel

Masanari Umemural, Ayako Makino?, Itaru
Satol, Xianfeng Feng?l, Maki Iwail, Kayoko Itol,
Akiyoshi Miyajimal, Makoto Otake!, Akane
Nagasako!, Kosuke Matsuo!, Haruki Eguchi?,
and Yoshihiro Ishikawal.

LCardiovascular Research Institute, Yokohama
City University, Yokohama 236-0004

Japan

2Research Laboratory, IHI Corporation,
Yokohama 235-8501 Japan

Background: We previously reported the



identification of a novel nano-organic compound,
EI236, an anti-cancer agent with intrinsic
maghnetic property. In addition to anti-cancer
effect, its ferromagnetic property contributes to
unique features. 1) It can be attracted by a
magnet. 2) It can be visualized by magnetic
resonance imaging (MRI). Hereby, we have
identified the key mechanism that contributes
to magnetism by X-ray crystallographic analysis,
and succeeded in generating a novel paclitaxel
with intrinsic magnetism; this is a single
paclitaxel compound, and is not a paclitaxel
encapsulated in micelle with magnetic particles.
Our aim is to examine its effect on triple
negative-breast cancer (TNBC) cells. Method:
The magnetization of the magnetized paclitaxel
was measured with a superconducting quantum
interference device (SQUID) (Quantum Design
MPMS7 system). Breast cancer cells,
MDA-MB-453 (TNBC) and MCF7 (Non-TNBC),
were obtained from RIKEN Bioresource center.
Cell proliferation assay was performed using a
commercially available kit, XTT Cell
Proliferation Assay Kit. Apoptotic cells were
stained with APC Annexin V and 7-AAD, and
measured by fluorescence activated cell sorting
(FACS), to evaluate early and late apoptosis.
Cell cycle analysis was performed using The
Cycletest™ Plus DNA Reagent Kit and assessed
using FACS. Results: Plots of magnetization
versus magnetic field revealed that the
magnetized paclitaxel exhibits spontaneous
magnetization in SQID. Magnetized paclitaxel
was easily attracted by a commercial bar
magnet. Magnetized paclitaxel exhibits greater
anti-cancer effect than original paclitaxel in
TNBC and Non-TNBC cells in a dose-dependent
manner. Magnetized paclitaxel induced
apoptosis and G2/M arrest in cell cycle analysis
in a dose-dependent manner, suggesting that
magnetized paclitaxel retained the original
anti-cancer property. In MRI T2 -weighted
imaging, signal intensity was changed in a
concentration-dependent manner with
magnetized paclitaxel, but not with commercial
available paclitaxel. Conclusion: These results
suggested that various conventional anti-cancer
drugs might be similarly magnetized, leading to
novel drug development in future cancer
chemotherapy.
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Development of thermochemotherapy using
cisplatin and ferucarbotran (Resovist®) in
head and neck cancer
Itaru Sato! 2, Masanari Umemura?, Kenji
Mitsudo!, Xianfeng Feng?, Hideyuki
Nakashima!, Mitomu Kioi', Haruki Eguchi®,
Iwai Tohnai' and Yoshihiro Ishikawa?
! Department of Oral and Maxillofacial surgery ,
Yokohama City University School of Medicine
2 Department of Cardiovascular Research
Institute, Yokohama City University School of
Medicine
3 Research Laboratory,
Yokohama 235-8501 Japan

IHI Corporation,

Background: Radical surgery for patients with
advanced head and neck cancer causes
dysfunctions as well as decreases quality of life.
To overcome this issue, we developed a new
combination therapy of cisplatin and inductive
hyperthermia using ferucarbotran (Resovist®).
Ferucarbotran, which is made of
superparamagnetic iron oxide, generates heat
when exposed to an alternating magnetic fields
(AMF). Herein, we explored whether
ferucarbotran could be used as a heat source for
hyperthermia upon exposure to AMF in the
presence of cisplatin . Our aim is to evaluate the
simultaneous therapeutic efficacy of
chemotherapy and inductive hyperthermia for
head and neck cancer.

Materials and Methods: OSC-19 and HSC-3,
human oral cancer cell lines, were used in this
study. Cell proliferation was assessed by methyl
thiazolyl tetrazorium (MTT) assay. The
intracellular level of reactive oxygen species
(ROS) was measured using fluorescent dye 2',
7'-dichlorodihydrofluorescein diacetate.
Apoptotic cells were stained with Annexin V,
allophycocyanin conjugate and
7-amino-actinomycin D, and measured by
fluorescence activated cell sorting (FACS), to
evaluate early and late apoptosis. . Thermal
images and temperature were obtained by
thermograpy and thermometer. Alternating
magnetic fields were generated by a
transistor-driven vertical coil at a frequency of
308 KHz and electric current (EC) 250 A.



Results: Ferucarbotran generated heat in a dose-
and time-dependent manner when exposed to an
AMF, suggesting that ferucarbotran could be
used as a heat source for hyperthermia. As we
expected, Cisplatin suppressed proliferation of
OSC-19 and HSC-3 cells in a dose-dependent
manner, not only furucarbtran. First, we
performed MTT assay and ROS generation
assay to evaluate whether hyperthermia effect
enhanced anti-cancer effect in the presence of
cisplatin. Simply incubation at 42 ° C for one
hour enhanced the anti-cancer effect and ROS
generation in the presence of cisplatin. Cisplatin
induced apoptosis of OSC-19 and HSC-3 cells in
a dose-dependent manner. Ferucarbotran further
promoted cisplatin-induced apoptosis compared
to cisplatin alone, when exposed to an AMF for
an hour. Thus, the combination of cisplatin with
ferucarbotran /AMF was more effective than
cisplatin alone, suggesting that we could reduce
the amount of cisplatin in clinical usage.

Conclusion: Our findings suggest that
combination therapy of cisplatin and
ferucarbotran in an AMF may be used to
develop a new combination therapy for head and
neck cancer.
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Realtze your dreams

Organic based magnetic compound

Advanced Applied Science
Department / Haruki EGUCHI

Introduction

Controlled drug delivery by
magnetic force, as exemplified
by magnetic nanoparticles, has
been of great interest for decades,
simply because it is relatively easy
to apply a magnetic force
extracorporeally. However, despite
these efforts, emulsifying
pharmacological compounds in




micelles together with a magnetic
particle have had limited clinical
use, because these micelles are
often too large in size and may be
rapidly lost during systemic
circulation or digestion in vivo. On
the contrary, the present method of
our patent technology (71 patent
applications in total, for example,
US 8,246,975 B2 with patent
granted in US, PCT/JP2007/063011
with patent granted in EP) uses an
organic based magnetic compound.
Therefore, the compound can solve
the problems of conventional
magnetic drug delivery system with
emulsifying pharmacological
compounds in micelles together
with a magnetic particle to mimic a
magnetic pharmaceutical compound
(see below).

Combined iron oxide

Micelle with medicine

®

medicine
(Be ©

Iron oxide

Ei236

Not only medicine
But also magnet

First principles™eegl®ulations are
applied to identifying the organic
based magnetic compound (EI1236)
that possesses a magnetic property
as it was readily attached to a
magnet. EI236 inhibited melanoma
expansion in mouse tails when
delivered to the melanoma lesion
using a commercially available
magnet. Furthermore, EI1236 could
generate thermal energy due to
hysteresis losses within alternating
magnetic fields. EI236 possesses
hyperthermal and anti-cancer
properties, inhibiting tongue
cancer cell proliferation in rabbit.
Thus, this acted as an anti-cancer
drug, thermal medicine and an MRI
contrast, and had pharmacological
effects that could be delivered in a
controlled manner.

The identification of such
compounds will be developed on
the basis of our concept in the
future, i.e., drug-targeting using a
magnet, thermal medicine and
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drug-dosing using MRI.
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B9 (NMR 'H estimation). 10 (NMR

13C  estimation) IZ/RT,
ChemNMR "H Estimation

Estimation quality is indicated by color: good, madium, rough
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T T T T T T T T
12 10 8 6 4 2

B9 X LLFEFRFONMRDOI 7LD
2l—33 (NMR 'H estimation)

ChemNMR '3C Estimation

Estimation quality is indicated by color: goed, mesdium, rough
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K10 XAXRLFERONMRODOYZF /LDy
Sz2l—3 3y (NMR 13C estimation)
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