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Chemotherapeutic and drug delivery

system with a novel

nano-magnetic particle, EI236



Hitoshi lizuka, Masanari Umemura,Itaru
Satou,Fu Senpou,Haruki Eguchi,
and Yoshihiro Ishikawa,
Department:  of  Cardiovascular = Research
Institute, | Yokohama City
University-School of Medicine

IHI Corporation

Purpose: We have developed a 'novel
magnetic ~anticancer drug which is
designated as ‘E123,6. Its ferromagnetic
prop‘erty contributes to new features. 1)
Anti-cancer effect 2) drug delivery
system (DDS), which is delivered by a
magnét to th‘e‘t'umor, resulting in reduced
side effects 3) MRI-contrast effect, which
is visualized by MRI, evaluating the drug
localization and concentration. Thus, the
purpose of this study is to examine these
features.

Method: The magnetic evaluation of
EI236 was confirmed by Electro Spin
Resonance (ESR). Anti-tumor effect of
EI236 was evaluated by MTT and
TUNEL assays in mouse melanoma cells.
To examine the anti-cancer effect and
magnetic controlled delivery in vivo, we
used a mouse model of melanoma grafted
on tail. Mice were dived into 3 groups; 1)
EI236

injection group 3) intravenous EI236

control group 2) intravenous
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injection + electromagnet (DDS) group.
Furthermore the tumor regression and
MRI-contrast effect of EI236 were

measured by Magnetic Resonance
Imaging (MRI).
Result: FEI236 decreased the cell

proliferation and increased apoptosis in
MTT and TUNEL assays.E1236 showed
the magneﬁsm at room temperature by
ESR. We confirmed that application of a
magnet enhanced the anti-cancer effect of
EI236 in vitro and in vivo. These findings
demonstrated  that EI236 exhibited

anti-cancer effect and DDS.

Conclusion: Our ﬁndingsy suggest that
EI236 can serve as a novel magnetic
anticancer drug and will assist us in
developing a novel and simultaneous
treatment strategy of chemotherapéutic
and DDS. ”

2) X. Feng, M. Umemura, H. Fukumura,
1. Sato, H. Eguchi and Y. Ishikawa,

“New strategy of simultaneous
hyperthermo-chemotherapy using a
novel nano-magnetic anti-cancer drug” ,
O ORAALHETZR, R, 201 34
3H

[EERE]

New strategy of simultaneous



hyperthermo-chemotherapy
using a novel nano-magnetic
anti-cancer drug

Feng X!, Umemura M!, Fukumura HI,
Sato I, Eguchi H2,Ishikawa Y!
1 Yokohama City University Graduate

School of Medicine, Cardiovascular

Research Institute
2 IHI Corporation, Advanced Applied

Science Department Research Laboratory

Background: Hyperthermic therapy,
which kills cancer cells by increasing the
temperature up to 42°C, is attempted in the
treatment of advanced or difficult cases.
Despite of its effectiveness, it has not been
widely used. One reason is that it is
technically difficult to increase
temperature only in a target cancer site. To
address this issue, we have developed a
new therapy using a novel nano-magnetic
particle, i.e., EI236. E1236 exhibits not only
anti-cancer effect, but also magnetism.
Because of its magnetism, this drug can
generate heat by itself when it is exposed
to an alternating current magnetic field

(ACMP).

Method: To examine the anti-cancer
and hyperthermal effects of EI236 in vivo,
we used a rabbit model of VX2 cells (rabbit
osteosarcoma) grafted on legs. Rabbits
were divided into five groups ; 1) no
treatment group 2) intra-venous (iv.) EI236
injection group 3) intra-arterial (ia.) EI236
group 4) ia. Methotrexate (MTX) injection
group, and 5) ia. EI236+ACMF group. The
volume of tumor was measured daily, and
then the samples were harvested and
evaluated histologically by HE, Ki67, and
TUNEL staining.

Results: When EI236 was injected via
intra-arterial infusion, the efficacy was
similar to that of MTX. When EI236 was
injected and the tumor was exposed to
ACMF for simultaneous chemotherapeutic
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and hyperthermal effects, it showed the
greatest regression of tumor among all the
groups examined. EI236 increased necrosis
as determined by HE staining, and further
increased it by ACMF. Similarly, EI236
decreased cell proliferation as determined
by Ki67, and further decreased it by ACMF.
Moreover EI236 increased apoptosis as
determined by TUNEL staining, and
further increased it by ACMF. These
results indicated that the exposure of
ACMF greatly enhanced the anti-cancer
effect of EI236. Taken together, EI236
exhibited anti-cancer and thyperthermal
effects.

Conclusion: These findings suggest
that EI236 can assist us in developing a
new strategy of simultaneous
hyperthermo-chemotherapy in the future.
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Controlled drug delivery and magnetic
resonance imaging with intrinsic
ferromagnetic nano-particle compound
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7 Department of Chemistry of Functional
Molecules, Faculty of Science and Engineering
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$Department of Oral Surgery, Yokohama City
University, Graduate School of Medicine,
Yokohama 236-0004, Japan

*Department of Macromolecular
Crystallography, International Graduate School
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First principles calculations, as the
standard method of physics and chemistry
to design functional materials, such as
semiconductor, solar cell and so on, are
applied to identifying the magnetic organic
complex. We have found that this magnetic
organic  complex  (EI238)  exhibits
anti-cancer property and, more important,
possesses a magnetic property as it was
readily attached to a magnet. EI236
exhibited intrinsic ferromagnetic behaviors
from -268 celcius degree to 37 celsius
degree and inhibited melanoma expansion
in mouse fails when delivered to the
melanoma lesion using a commercially
available magnet. The local accumulation
of the compound, as induced by the
magnet, was readily visualized by

magnetic resonance imaging (MRI) in mice.

(n=4) Thus, EI236 acted as both an
anti-cancer drug and an MRI contrast, and
had pharmacological effects that could be
delivered in a controlled manner. The
identification of such compounds can
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.
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We have found that an organic based magnetic



compound (EI236) exhibits anti-cancer property
and, more important, possesses a magnetic
property as it was readily attached to a magnet.
Identifying such the organic based magnetic
compounds are determined by the first principles
calculations based on structures obtained by
X-ray crystallography analysis. EI236 exhibited
intrinsic ferromagnetic behaviors from -268
celcius degree to 37 celsius degree and inhibited
melanoma expansion in mouse tails when
delivered to the melanoma lesion using a
commercially available permanent magnet. The
local accumulation of the compound, as induced
by the magnet, was readily visualized by
magnetic resonance imaging (MRI) in mice.
Therefore, EI1236 acted as both an anti-cancer
drug and an MRI contrast, and had
pharmacological effects that could be delivered in
a controlled manner. The identification of such
compounds can overcome the long-standing
problems of controlled drug delivery by magnetic
force and may dramatically alter our concept of
pharmacotherapy in the future. Thus, target drug
delivery, chemotherapy and MRI visual
quantitation are no longer separated three
therapies. EI236 realizes one therapy through
targeted drug delivery, chemotherapy and MRI

visual quantitation.

5) Haruki Eguchi, Kunio Hirata, Reiko
Kurotani, Hidenobu Fukumura, David J.
Singh, Masahiro Yamamoto, Itaru Sato,

Masanori Umemura, Masaki Yamamoto,
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First principles calculations based on
structures obtained by X-ray
crystallography analysis are applied to
identifying the intrinsic ferromagnetic
nano-particle compound. We have found
that this organic based nano-particle
compound (EI236) exhibits anti-cancer
property and, more important, possesses a
magnetic property as it was readily
attached to a magnet. EI236 exhibited
intrinsic ferromagnetic behaviors from -268
celcius degree to 37 celsius degree and
inhibited melanoma expansion in mouse
tails when delivered to the melanoma
lesion using a commercially available
magnet. The local accumulation of the
compound, as induced by the magnet, was
readily visualized by magnetic resonance
imaging (MRI) in mice. (n=4) Thus, EI236
acted as both an anti-cancer drug and an
MRI contrast, and had pharmacological
effects that could be delivered in a
controlled manner. The identification of
such compounds can 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.
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Application of a  novel
nano-magnetic anti-cancer
drug to hyperthermia

Umemura M!, Fukumura H!, Sato II,
Feng X!, Hitoshi Izuka!, Eguchi
H2,Ishikawa Y!

1 Yokohama City University Graduate

School of Medicine, Cardiovascular

Research Institute

2 THI corporation, Advanced Applied

Science Department Research Laboratory

Background: Hyperthermic therapy is
a type of cancer treatment in which body
tissue is exposed to high temperature (up
to 113° F). Despite its effectiveness, it has
not been widely used. One reason is that
‘it is technically difficult to increase high
temperature only in a target cancer site. To
address this issue, we have developed a
novel nano-magnetic particle, i.e., EI236.
EI1236 exhibits not only anti-cancer effect,
but also ferromagnetic property. Because
of its magnetism, this drug can generate
heat by itself when it is exposed to an
alternating current magnetic field (ACMF).

Method: We established a rabbit model
of VX2 cells (rabbit osteosarcoma) grafted
on legs to examine the anti-cancer and
hyperthermal effects of EI236 in vivo.
Rabbits (n=4 for each group) were divided
into five groups ; 1) no treatment group 2)
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intra-venous (iv.) EI236 injection group 3)
intra-arterial (ia.) EI236 group 4) ia.
Methotrexate (MTX) injection group, and
5) ia. EI236+ACMF group. The volume of
tumor was measured daily, and then the
samples were harvested and evaluated
histologically by HE, Ki67, and TUNEL
staining.

Results: The effect of EI236 was
similar to that of MTX when EI236 was
injected via intra-arterial infusion. Via
intra-arterial infusion was more effective
than iva intra-venous infusion. When
EI236 was injected and the tumor was
exposed to ACMF for simultaneous
chemotherapeutic and  hyperthermal
effects, it showed the greatest regression of
tumor among all the groups examined.
EI236 significantly increased necrosis as
determined by HE staining, and further
increased it by ACMF. Similarly, EI236
decreased cell proliferation as determined
by Ki67, and further decreased it by ACMF.
Moreover EI236 increased apoptosis as
determined by TUNEL staining, and
further increased it by ACMF. These
results demonstrated that the exposure of
ACMF greatly enhanced the anti-cancer
effect of EI236. Taken together, EI236
exhibited simultaneous effects of
anti-cancer and thyperthermia.

Conclusion: These results demonstrate that
EI236 can provide us in developing a new
strategy of simultaneous
hyperthermo-chemotherapy in the future.

7) Itaru Sato, Kenji Mitsudo, Masanori
Umemura, Xianfeng Feng, Jun-ichi Baba,
Hideyuki Nakashima, Mitomu Kioi,
Haruki Eguchi, Yoshihiro Ishikawa and
Iwai Tohnai, “Novel
thermo-chemotherapy using a new
magnetic anti-cancer drug”, American
Association for Cancer Research Annual

Meeting 2013, Washington DC, U.S.A.,
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Novel thermo-chemotherapy using a

new magnetic anti-cancer drug

Itaru Sato!, Kenji Mitsudo', Masanari
Umemura?,Xianfeng Feng?,Jun-ichi
Baba!, Hideyuki Nakashima!, Mitomu
Kioi!, Haruki Eguchi? Yoshihiro
Ishikawa? and Iwai Tohnai!

! Department of Oral and Maxillofacial
surgery , Yokohama City
University-School of Medicine

2 Department of Cardiovascular Research
Institute, Yokohama City
University-School of Medicine
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Background

Radical surgery for patients with head
and neck cancer can cause dysfunctions
such as dysphagia, dysarthria, and
mastication disorder as well as decrease
quality of life. Here, a new magnetic
anticancer drug (EI236) was developed
giving an anti-cancer effect.
EI236 is a novel magnetic
nanoparticle.E1236 has three characters;
1) anti-cancer effect, 2)Drug Delivery
System (DDS) and 3) hypothermic effect
in an alternating current magnetic field
(ACMF). EI236 will be a new contrast
agent in magenetic resonance imaging

(MRI). We evaluated the treatment

efficacy of the anti-cancer effects of
EI236 using rabbit’s oral cancer cells in

vitro and in vivo.

Methods

The anti-cancer effect of the EI236 was
measured by MTT assay using VX2 cells
were employed as a transplantable tumor
in rabbits. We established rabbit’s VX2
tongue cancer model. Rabbits were
divided into 4 groups: control group,
EI236
(5mg/kgx7days) (i.v. group), intravenous
EI236 + electromagnet (i.v. + DDS
group), EI236 +
electromagnet + alternating magnetic
field (i.v. + DDS + HT group). The size
of tumors was measured daily for 7 days.
Rabbits after the

intravenous injection

intravenous

were sacrificed

completion of the experiment, and
histopathological effects on the tongue
tumor were evaluated.

Results

IC50 of VX2 cells treated with CDDP
was about 7.5uM, and that of VX2 cells
treated with EI236 was also about 7.5uM,
indicating that EI236 had an antitumor
effect equal to that of CDDP. i.v. + DDS
group and the i.v. + DDS + HT group
showed significant decrease in tumor
volume compared with control group in

rabbit VX2 tongue tumor model. HE

staining analysis demonstrated significant



difference in the size of necrotic area
among the 4 groups. In the control
group, it was 15%. In the i.v. group, it
was 28.8%. In the i.v.+-DDS group, it
was 50%. Further, in the i.v. + DDS + HT
group, the size of necrosis was greatest
and was 63.8%. In particular, iv + DDS +
HT group showed disappearance of the
tumor cell nucleus in almost all fields.

Ki67 positive cells were also counted in
3,000 cells for each group, and positive
cell ratio was determined. The median
ratio of Ki67 index was 45.8% in the
control group, 25.4% in the i.v. group,
18.8% in the i.v.+DDS group, and 4.5%
in the i.v. + DDS + HT group. These
differences were statistically significant

among four groups

Conclusion

The results in this study confirmed the
effect of the novel nanoparticles, which
was founded engineered approaches, as
anti-cancer treatment. In particular, EI236
had anti-cancer effect with heat induction
fluid. We
demonstrated that EI236 is useful in a

in alternating magnetic
novel cancer therapy. We are optimizing

to use EI236 clinically.
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We previously reported a novel
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nano-magnetic particle with anti-cancer
effect, E1236. 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
(ACMPF). 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.

9) FEFFRRIE, MEAPIEEL, EREE, A,
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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

146

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.

10) JLARER, AL, mAAERZHE
T O HBRHIEIEDOBRZE, BARANA N—H—

IT7EE F30ERKRE, Hik, 201348
A

[HEHME]
R4

B AARR 2B o BB R OB S

TEREA 383K AL
Development of organic based magnetic

compound with anti-cancer properties

O nrEs ket THD, A)I125L (i
T REF)

HREASC
Q=E:8)!
BEMEAIITER, BEERIZRER S D ERIL



BB LN T WD, Bl CIEAEBRLE
POPICHHEET D ERBR SN, £
ZT, ARLLEYMO—TETHHEELOR
MEEILOFRENE 2 2 > ¥ o — X AT TET
L7,
[51&] THI ME O FETH 2 E TR
ERWERHFE (B REHE) |
D, PERITIM LN TWa o o itEE
DOFREMEOEWEH] (EI236) ZHEETX
EFMERAEEFZD S SEFULEY Z A
T UL RHTZ LIS Lz, D%,
EI236 ORESFFELAIHER. AFOE
BERE L 3TCIER VT L RIERES
D TSGR B E b, BT
BHDHZLEPOTHERL, FRRMBITRER
DESHEFEMN T, Fio, BEOFHIL
BYO—MERE L, AEHBEARERB X
5 IR bR LTz,
[#ER]
T URACRESTTERENACRI LT, &
5 U7z E1236 DSREBIC L > THETE 570
MO EIT T, TORER, 1BFER
L LB LT, IS AKIRE TIZHA 672
DA ORI R B, S HICS AR
WZRWTHAA CRREE DT BT, A A
IXRIBIZHE/ D LTz, ZHUX, BT LD
EI236 ZBEICHFE TS, 2ED, FF
v T e FURY « RTFAE LUTHEELE
Z L ERT,
EHiz, MRIEEHIE UTHBEET 08
IMEREF L., vV AREIRE Y EI236
EEFEE L, RBICKAKGIZ L 285
7T T EI236 25 L MRIIZ L %

=L
X e

EiTol b A, BMBHEEALICBWTE
1236 DEBRPHERTETL, DT LT
EI236 75 MRI &%# & L THHERETH T
& EBIRT,

[

BRI E1I236 13, iR TR MHE
ZRE L. oM B &R ATEEE
BT 5, 5%, SHITEL L ZATIH
RBEE > TWD =L —FRDOFD AH
(B¥%%% DDS., MRI W, REEE)
EROVWTHLWVERAREEZRE LTV,

11) #MAPEEt. L ORER. EE%. FENG

Xianfeng, £ HREHT, S 0. HRERET]

147

FENTL, )l EBL, BREERERILEY
Z AW E#EE L - BEERSRIEOH -
RHEE, BERNA =Y —IT7FE F
3 0FEIk&., #Hik, 20134 8 A
[F =]

FHBERERILEDE BV E
%« RERIRRRIE OB 72 5 R

9k

HEAPRRRE 1, TTOEER 2, e 3, 1§ sk
L EFERRES L, SR AN 8, JLREEMER] 8, R
PIEL 3,

A4 1

VBRI SL R F R FEBR E A e
HES

R THT BRI 5ERT
3 MR S RFRF e E 5
et Re 1 =

TEER

BRER

[Bf] RAENT-> TWAETEEIZT



IIFRROBEMTORELFRA LT 50
THI OFFOREMEERRE I 2 EREA L,
PLOS AAER Z B OB EA B L e % [F)
E LT, Frx DB OFEFOFRF R
R RIRICAED LT LWHUETRE O Bl %
Th D, —RICHFBAHIR EDERMLE
Wiy, BHLEMTh Do E 2
WeEnd, REFNIBAERZT T
<, I REA MIIEHRT 28BEEEF T
%, PEk, Bkx 25 CER ORISR
HONTED, N TOREEDMBER
El2&Y, REZERAIZIIE> TV,
—7, RFEANIZNEBCEBEEFT D
72, AERNTHED THWREEZTRT,
2Lz ORERE S BEEB LAY ~IEH
LTz, SeATRRZRIC CARZEANL, BEMERREIC
L VRS, RMBESEENINC X B REG
£, KOMRI B 2 EEDREBIELND
T ERbhroTWD, [FHiE] v NEMPR
B2 HFNT, BRA 2203 AR % et BRI AR R
RIOZREMETT 2, £, MEICHARL
T2 AT PR S AR 2R B A FI VTS AR AL
THRBESREZTML -, [FBR] BiEFRE
FEIZEB W T, AEANIROVTIBS AR Z 7
DI ENbhotn, £z, EANLOBE
12 & BRI CHREN TEB I AR ZKA
EEMTE, Thbb, BAICTRATIC
HARELZEDDZ ENTE, BERAOE
BOEGTE D, £77, b MNEMEFRER
EHIAGIZ T, RIBEBEIFNC K 2 AREH D
BEGIRICELY, EHEEREIY bEV
TEERENRE S Z LB o7, [F5E]
BB L 0 BERE2 RFTICEE L5 2 T,

RS R EIF T 5 2 & TR DIRBYRIE

148

DERETH - e T RRA LIRS FTRE T
oD, KREROHEEMTIC THMEICEEST
DILFEEDOFEM AL 2ITRY, BRRO
TR ER SN TS & 5 TR AA
RS D Z I b LT, AR
MAFNZT T, BRTERESLTWD
Bx nER 2L, NIy 77U
— RPN R &2 FERICAT 5 B 2298
BERFEL TV,

12) VERERE, SRR MBATIRE, sk F0,
FEBIAT, ILAREEL, B)lIFRIL, BEPIL,
B AAER 2B T DRI T 2 v
TenAR—=H—=IT~DIGH, BANA N
—¥—IT7H¥E HF3 0EKRE. Mk,
20134 8 A

[FERBE]

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™,

Masanari Umemura>, Yoshihiro
Ishikawa"3

*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

commercially available permanent magnet.

by the magnet, was readily visualized by
magnetic resonance imaging (MRI) in mice.
Thus, this acted as both an anti-cancer drug and
an MRI contrast, and had pharmacological 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
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Development of a new
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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 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,
El236, 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 Results: We
experienced with use of E1236 for treating
MPM cells. EI236 promoted
oxygen species (ROS) of MPM cells in a

and have

reactive

dose-dependent manner. We performed

the electrophoresis of supercoiled plasmid



DNA in the presence of various

concentrations of EI236 or cisplatin. The
result showed that EI236 induced DNA
which was similar to that of

EI236  exhibited

anti-cancer effect on several MPM cells in

nicking,

cisplatin. potent
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 EI236 can assist us in
developing a new treatment method for
malignant pleural mesothelioma in the

future.
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1Cardiovascular Research Institute,
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Background: We previously reported
the identification of a novel nano-organic
compound, EI236, an anti-cancer agent
with intrinsic magnetic 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-TNBCQ), 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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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
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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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