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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 ih
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 celis 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 ciéplatin . 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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Background: Radical surgery for patients with
advanced oral 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 oral 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
thermography and thermometer. AMFs were
generated by a transistor-driven vertical coil at

a frequency of 308 KHz and electric current



(EC)250A.

Results: Cisplatin inhibited proliferation of
OSC-19 and HSC-3 cells in a dose-dependent
manner. Simply heating the medium to 42.5 °C
enhanced the effect of cisplatin. Similarly, ROS
production was increased in the presence of
cisplatin, and was further increased upon
heating. Heating to 42.5 °C was also achieved
in cell culture medium to which ferucarbotran
had been added and then exposing the medium
to alternating magnetic fields.
Ferucarbotran-induced heating enhanced both
early and late cellular apoptosis. Cell cycle
analysis demonstrated that cisplatin decreased
GO0/G1, and increased G2/M accumulation.
However, no further changes in cell cycle were
induced when ferucarbotran-induced heating
was observed.

Conclusion: Our findings suggest that
combination therapy of cisplatin and
ferucarbotran in an AMF may be used to
develop a new combination therapy for oral

cancer.
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Background: We 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 breast cancer cells.

Method: MDA-MB-453, MDA-MB-231 and
MCF7 were used. Cell proliferation was
assessed by XTT assay. Apoptosis and cell
cycle were analyzed by fluorescence activated
cells sorting (FACS). To examine the feasibility

of magnetized paclitaxel for magnet-guided

delivery, we used a mouse model, in which
MCF7 were grafted onto the legs. The
accumulation of this compound by akpermanent
magnet was examined.

Result: We found that magnetized paclitaxel
inhibited the proliferation of all cell lines and
also increased apoptosis. This compouhd
retained the characteristic anti-cancer
mechanism of paclitaxel itself, i.e., induction of
G2/M arrest. When a magnet was used, the
accumulation of magnetized paclitaxel was
further increased in tumor by histological
evaluation.

Conclusion: Magnetized paclitaxel may enable
us to develop novel strategies in breast cancer
treatment, i.e. chemotherapy with controlled

drug delivery with a single-drug compound.
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Background: Recently we generated a novel
paclitaxel (PTX) with intrinsic magnetism
(Magnetized-paclitaxel: M-PTX). M-PTX is a

single PTX compound, and is not a PTX

encapsulated in micelle with magnetic particles.

In this study, we are developing a novel
treatment with controlled drug delivery in triple
negative breast cancer (TNBC).

Material and Method: MDA-MB-453 and
MCF7 were used. Cell proliferation was

assessed XTT Cell Proliferation Assay.

Immunohistochemistry was performed to
evaluate depolymerization of microtubules with
anti-alpha-tubulin antibody in the presence of
M-PTX or PTX. Cell cycle and apoptosis were
analyzed by flow cytometry. To examine the
feasibility of M-PTX for magnet-guided

delivery in tumor, we used a TNBC mouse

- model.

Result: We found that M-PTX exhibited
anti-cancer property and inhibited the
depolymerization of microtubules. Also
M-PTX induced G2/M arrest in cell cycle and
cellular apoptosis with similar efficacy to PTX,
suggesting that M-PTX retained the
characteristic anti-cancer mechanism of PTX
itself. M-PTX was accumulated by a magnet in
vitro and in vivo.

Conclusion: M-PTX may enable us to develop
novel treatment for TNBC, i.e. chemotherapy
with controlled drug delivery with a single-drug

compound.
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Background: We previously reported the
generation of a novel paclitaxel derivative with
intrinsic magnetism. Similarly, we have
synthesized a novel derivative of methotrexate,
a conventional drug for cancer and rheumatic
diseases, with intrinsic magnetism (M-MTX).
This is a single methotrexate paclitaxel

compound and is not a methotrexate

encapsulated in micelle with magnetic particles.

We have examined whether M-MTX has both

the magnetic and the anti-cancer property with
similar efficacy to methotrexate.

Materials & Methods: The magnetic property

of M-MTX was measured by Electron Spin
Resonance (ESR) and Superconducting
Quantum Interference Device (SQUID). MCF7,
breast cancer cells were used. Cell proliferation
was assessed by a commercially available kit,
XTT Cell Proliferation Assay Kit (ATCC).
Apoptosis was analyzed using fluorescence
activated cell sorter (FACS).

Results: M-MTX was easily attracted by a
neodium magnet. Both ESR and SQUID
showed that M-MTX has an intrinsic
magnetism. Furthermore, M-MTX inhibited
cell proliferation and induced cellular apoptosis
in MCF7 cell lines.

Conclusion: M-MTX may provide us a new
strategy for cancer therapy, i.e., chemotherapy
with magnetic drug delivery with a single

agent.
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Background: We have recently reported a novel
anti-cancer compound with intrinsic magnetism
(EI236). In addition to anti-cancer effect, EI236
has three features 1) EI236 is attracted by a
magnet, i.e., magnetic drug delivery, 2)
generating heat in an alternating current
magnetic field, i.e., hyperthermic effect, and 3)
anew contrast agent in magnetic resonance
imaging (MRI), because of its magnetism.
Based on these properties of EI236, we

succeeded in generating a novel methotrexate

derivative with intrinsic magnetism (m-MTX).
It is well known that MTX is a commercially
available and has been used as conventional
drug for cancer and rtheumatic diseases. In this
study, we examined whether m-MTX has an
intrinsic magnetism and the anti-cancer effect.
Materials & Methods: The magnetic property
of m-MTX was measured by ESR (Electron
Spin Resonance) and SQUID (Superconducting
Quantum Interference Device). VX2, rabbit
squamous cancer cells and MCF7, breast
cancer cells, were used. To evaluate the
m-MTX-induced cytotoxicity, cell proliferation
was measured using commercially available kit
(ATCC).

Results: M-MTX was easily aécumulated bya
permanent magnet in water. ESR and SQUID
showed that m-MTX has an intrinsic magnetic
property. Furthermore, m-MTX inhibited cell
proliferation in both cells in a dose dependent
manner.

Conclusion: M-MTX may enable us to develop
novel strategies in cancer treatment, i.e.,
chemotherapy with controlled drug delivery

with a single drug compound.
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Background: It is well known that melanoma
has a poor prognosis due to its rapid

'progression and high metastatic ability. TRPC

is activated upon changes in temperature or
membrane voltage, and thus triggers various
intracellular responses via cationic flux. Here,
we have investigated whether TRPC3, which is
universally expressed in human melanoma cells,
regulates proliferation and/or migration of
human melanoma cells.

Material: C8161 cells, a BRAF wild type
human melanoma cell line, were used in this
study. TRPC3 was inactivated either
genetically by siRNA encoding TRPC3 or
pharmacologically by Pyr3, a pyrazole
compound that is known to selectively inhibit
TRPC3.

Result: Genetical knockdown of TRPC3
significantly inhibited proliferation of C8161
cells (p<0.0001). Pharmacological inhibition
with Pyr3 suppressed cell proliferation with a
IC50 value of 12.99uM. Both knockdown of
TRPC3 and Pyr3 significantly decreased path
length of cell migration (p<0.01, p<0.01
respectively). Pyr3 also inhibited
phosphorylation of signal transducer and
activators of transcription (STAT) 5, suggesting
that TRPC3-induced proliferation and
migration were regulated by, at least in part, the

JAK/STAT signaling pathway.



Conclusion: Inhibition of TRPC3 suppressed
cell proliferation and migration in C8161 cells,
suggesting that TRPC3 may be a novel target in

human melanoma therapy in the future.
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