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on the survival of patients with CRPC or metastatic prostate
cancer.*’ Docetaxel (DTX), a semisynthetic toxoid produced
from the needles of the European yew tree, is the first
chemotherapy agent to improve survival in CRPC, and the US
Food and Drug Administration has recommended a 3-week
DTX-prednisone regimen as a first-line treatment option for
CRPC patients.** Although DTX-based chemotherapy may
provide some benefits, most CRPC patients do not realize
them, and the average survival remains relatively brief.
Moreover, the current regimen requires the administration
of high doses of DTX, which causes toxic reactions and
thereby precludes the use of DTX as a monotherapy.” To
reduce toxicity and to improve the survival and quality of
life of CRPC patients, novel therapeutic strategies targeting
the molecular basis of androgen- and chemo-resistance of
prostate cancer using a reduced but equieffective dose of
DTX should be developed.

Cancer nanotechnology offers great potential for cancer
diagnosis, targeted treatment, and monitoring.'® Researchers
are exploring the use of nanoparticles (NPs) ranging in
length from I mm to 100 nm in two or three dimensions
to detect, image, monitor, and treat cancers. Among the
rapidly evolving types of NPs, magnetic NPs (MgNPs) —
biocompatible and superparamagnetic nanomaterials with
chemical stability and low toxicity — are especially
promising.!! The combination of MgNPs with anticancer
agents has been applied to leukemia, lung, and pancreatic
cancer cells in vitro and to xenograft-injected nude mice. >
MgNPs composed of Fe,O, (MgNPs-Fe,0,) are being widely
investigated for use as targeted drug carriers. The aim of this
study was to evaluate the effect of treatment with MgNPs-
Fe 0, or MgNPs-Fe O, combined with DTX on prostate
cancer cell growth in vitro. We also explored the mechanism
underlying MgNPs-Fe O -induced cell death, focusing on
the effect of MgNPs-Fe 0, treatment on the production of
reactive oxygen species (ROS).

Materials and methods

Physical characterization

of MgNPs-Fe, O,

MgNPs-Fe,O, were obtained from the Toda Kogyo
Corporation (Otake, Hiroshima, Japan) and had the following
characteristics: spherical shape; an average particle size of
10 nm in powder and 8-10 nm as measured by transmission
electron microscopy (TEM); a size of 60-100 nm as
measured by dynamic light scattering (DLS); a zeta potential
of =30 to —40 mV ata pH of 10; and a surface area in powder
of 100-120 m*/g.

Preparation of MgNPs-Fe,O,

After ultraviolet sterilization of the particles, MgNPs-
Fe,0, stocks were prepared by suspending particles in
Roswell Park Memorial Institute (RPMI)-1640 with
supplements to yield final concentrations of 1 ug/mL,
10 ng/mL, or 100 pg/mL, followed by sonication at 30 W
for 10 minutes with an Ultrasonic Homogenizer VP-050
(TAITEC, Koshigaya, Saitama, Japan).

Docetaxel

DTX was purchased from Sigma-Aldrich (St Louis, MO,
USA) and dissolved in dimethyl sulfoxide (DMSO; stock
solution). Stock solutions were aliquoted and stored at —20°C
to avoid repetitive freeze—thaw cycles. Stock solutions were
serially diluted using culture medium to prepare working
solutions.

Cell lines

LNCaP, DU145, and PC-3 human prostate cancer cell
lines were purchased from American Tissue Type Culture
Collection (Manassas, VA, USA). Cells were cultured in
RPMI-1640 medium with 10% fetal bovine serum (FBS) and
100 U/mL penicillin-streptomycin in 5% CO, at 37°C. The
human normal prostate stromal cell (PrSC) line was obtained
from BioWhittaker® (Lonza Walkersville, Inc, Walkersville,
MD, USA) and maintained in Dulbecco’s modified Eagle’s
medium supplemented with 10% FBS, 100 U/mL of
penicillin G, 100 pug/mL of streptomycin, ITH (5 pg/mL
insulin, 5 pg/mL transferrin, and 1.4 wmol/L hydrocortisone),
and 5 ng/mL of bFGF in 5% CO, at 37°C.

Characterization of MgNPs-

Fe,O, suspension

MgNP-Fe,O, suspensions and their cellular localization were
characterized using the following methods.

Dynamic light scattering (DLS)

The average hydrodynamic size and size distribution of
MgNPs-Fe O, in media were determined by DLS using
a Fiber-Optics Particle Analyzer FPAR-1000 (Otsuka
Electronics Co, Ltd, Hirakata, Osaka, Japan). DU145 cells
were incubated with MgNPs-Fe O, (1 pg/mL, 10 ug/mL, or
100 pg/ml).

Transmission electron microscopy (TEM)

DU 145 cells were incubated with MgNPs-Fe O, (10 ptg/mL).
After incubation for 24 hours, cells were collected, washed
three times with phosphate buffered saline (PBS), and fixed
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with 3% glutaraldehyde in 0.1 M cacodylate buffer (pH 7.3)
at 4°C for 4 hours. The resulting samples were postfixed with
2% osmium tetraoxide at 4°C for 2 hours, dehydrated, and
embedded in epoxy resin. Ultrathin sections (80 nm) were
then stained with uranyl acetate and lead citrate, and observed
by TEM.

Measurement of intracellular

reactive oxygen species

ROS were measured using the CM-H2DCFDA assay
(Life Technologies Carlsbad, CA, USA), according to the
manufacturer’s instructions. DU145 cells (1.0 x 10° cells/well)
were incubated with MgNPs-Fe,O, (1 pg/mL, 10 ug/mL, or
100 pg/mL) for 24 hours in the absence or presence of
N-acetylcysteine (NAC; 10 mM) (Sigma-Aldrich Co); NAC
was added 3 hours before treatment with MgNPs-Fe,O,.
A stock solution of CM-H2DCFDA (5 mM) was freshly
prepared in DMSO and diluted to a final concentration of
1 uM in PBS. Cells were washed with PBS followed by
incubation with 50 uL of working solution of fluorochrome
marker CM-H2 DCFDA for 30 minutes. Fluorescent
imaging was recorded using an IX2 N-FL-1 microscope
(Olympus Corporation, Tokyo, Japan), and analyzed using
imaging software (Adobe Photoshop Elements 8; Adobe
Systems Incorporated, San Jose, CA, USA). As a positive
contfol, cells were treated with H,0, (100 uM) for 24 hours.

Analysis of 8-hydroxydeoxyguanosine

in DNA

The MgNPs-Fe O, (1 ug/mL, 10 pg/mL, or 100 ug/ml)
were added to wells containing DU145, PC-3, or LNCap
cells (5.0 x 10° cells), and incubated for 72 hours at 37°C
(5% CO,). Nuclear deoxyribonucleic acid (DNA) of the
cells was isolated by the sodium iodide method. Analysis
of 8-hydroxydeoxyguanosine (8-OH-dG) was performed
as previously described.!® The 8-OH-dG levels were
measured by high performance liquid chromatography
electrochemical detection. The amount of 8-OH-dG in the
DNA was determined through comparisons with the authentic
standards, and expressed as the number of 8-OH-dG per 10°
deoxyguanosine (dG).

AlamarBlue® assay

Cell viability was determined using the AlamarBlue® assay
(Alamar Biosciences, Inc, Sacramento, CA, USA), according
to the manufacturer’s instructions. Briefly, cells were seeded
in 24-well plates (1.0 x 10 cells/well); cells were treated
with DTX (0.1 uM, 1 uM, 10 uM, or 100 uM) or DTX

(1 nM) plus MgNPs-Fe O, (1 pug/mL, 10 pg/mL, or 100 ug/
mL) for 48 hours at 37°C (5% CO,). AlamarBlue® was
added to each well at 10% volume and was incubated for
200 minutes. Metabolically active cells reduced the dye into a
fluorescent form; fluorescence intensity was measured using
a plate reader (excitation/emission: 570 nm/600 nm; Viento
XS, DS Pharma Biomedical Co, Ltd, Suita, Osaka, Japan).
Fluorescence intensity was used to estimate cell viability by
linear interpolation between the emission from cells treated
with 0.1% saponin (0% viability) and that from untreated
cells (100% viability).

Flow cytometry (FCM) analysis

for cell apoptosis

The apoptotic peak (sub-G1) of cells was measured using
FCM. DU145 cells (1.0 x 10° ceils) were seeded in 100 mm
culture dishes; cells were either Lliln'eated (control), or treated
with DTX (1 M) or MgNPs-Fe,0, (10 pg/mL or 100 pg/mL)
in the absence or presence of DTX (1 nM). Aspirated medium
was collected to determine the amount of floating cells and
cell debris as indicators of cell death. Cells were collected
and fixed in ice-cold 70% ethanol and stored at —20°C before
use. In preparation for use, cells were washed with PBS and
resuspended in PBS before incubation with ribonuclease
(0.5 mg/ml.) at room temperature for 30 minutes. After
the addition of I mg/mL of propidium iodide (PI; Sigma-
Aldrich), the cells were passed through a 40 mm nylon mesh
for analysis using an LSRII flow cytometer (BD Bioscience
Franklin Lakes, NJ, USA). The fluorescence intensities of
PI were measured by FCM, and the number of cells in the
sub-G1 peak was determined. Quantification of the fraction
was performed with ModFit LT for Mac 3.0(Verity Software
House, Topsham, ME, USA).

Annexin-V assay was used to detect the early phases
of apoptosis. Apoptosis was assessed by monitoring the
expression of phosphatidylserine on the outer leaflet — an
early marker of apoptotic cell death. Phosphatidylserine
was stained with fluorescein isothiocyanate (FITC)-labeled
Annexin V. Loss of membrane integrity as a consequence
of necrosis was detected using PI staining of DNA. Briefly,
DU145 cells (1.0 x 10°) were either untreated (control) or
treated with DTX (1 1M), or with MgNPs-Fe O, (10 ig/mL or
100 pg/mL) for 24 hours in the absence or presence of DTX
(1 nM). After incubation, cells were harvested, gently washed
twice in ice-cold PBS, collected by centrifugation, and then
stained using an Amnexin V-FITC Kit (Beckman Coulter,
Inc, Fullerton, CA, USA) according to the manufacturer’s
instructions. Cells were then stained with Annexin V and PI
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for analysis by FCM within 1 hour of staining using the FL1
(FITC) and FL3 (PI) lines.

Western blot analysis

Cells were lysed in Radioimmunoprecipitation assay buffer
(Sigma-Aldrich) containing protease inhibitors (Sigma-
Aldrich). Total protein concentration was determined by Bio-
Rad protein assay reagent (Bio-Rad Laboratories, Hercules,
CA, USA). Equal amounts of lysates were resolved on sodium
dodecyl sulfate-polyacrylamide gel electrophoresis and
transferred to a polyvinylidene fluoride membrane (Merck
Millipore, Billerica, MA, USA). Membranes were blocked
with a blocking reagent (NOF Corporation, Tokyo, Japan)
for 1 hour at room temperature, and incubated overnight at
4°C with the respective primary antibodies in Tris-buffered
saline and Tween 20 (TBST). The membranes were washed
with TBST three times and incubated with diluted horseradish
peroxidase-conjugated secondary antibodies (1:3000 for
nuclear factor kB [NFxB]; 1:10,000 for B-actin) for 1 hour at
room temperature. After three additional washes, membranes
were detected using an enhanced chemiluminescence kit
(GE Healthcare UK Ltd, Little Chalfont, UK). Antibodies
against NFxB and B-actin were purchased from Santa Cruz
Biotechnology, Inc (Santa Cruz, CA, USA) and Sigma-
Aldrich, respectively; antirabbit and antimouse horseradish
peroxidase-conjugated secondary antibodies were purchased
from GE Healthcare (GE Healthcare UK Ltd).

Statistical analysis

All experiments were repeated at least three times. Data are
represented as the mean + standard deviation. Data were
analyzed using an unpaired Student’s t-test with or without
Welch’s correction and ANOVA. Differences were considered
statistically significant at P < 0.05.

Results
MgNPs-Fe,O, characterization

in cell culture medium

Figure | shows the mean hydrodynamic diameter of MgNPs-
Fe O, in medium with supplements as measured by DLS. The
mean hydrodynamic diameter of MgNPs-Fe O, increased
with increasing concentration, suggesting that aggregation
is enhanced at higher concentrations.

Cellular uptake

Cellular uptake of MgNPs-Fe O, was evident from TEM
microphotographs (Figure 2). MgNPs-Fe,O, were localized
within intracellular vesicles.

ROS production

MgNPs-Fe,O, caused dose-dependent increases of ROS
production in DU145 and PC-3 cells; a significant increase
in LNCaP cells was evident only at the highest dose.
Treatment with 100 pg/mL of MgNPs-Fe 0, elicited a
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Figure | Measurement of MgNPs-Fe, O, size by dynamic light scattering. DU145 cells were incubated with MgNPs-Fe,O,: (A) | ng/mlL, (B) 10 pg/mL,

and (C) 100 pg/mL.
Abbreviation: MgNPs-Fe O, Fe,O, magnetic nanoparticles.
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Figure 2 Transmission electron microscopy imaging of DU 145 cells treated with
10 pg/mL of Fe,O, magnetic nanoparticles.

Notes: Arrow: extracellular magnetic nanoparticles; arrow head: intracellular
magnetic nanoparticles.

Abbreviation: N, nucleus.

response comparable to that evoked by H,O, (Figure 3).
Among the three cell lines, ROS levels in the DU 145 and PC-3
lines were higher than that in the LNCaP line. Pretreatment
with NAC attenuated the MgNPs-Fe O -induced rise in ROS
in all three prostate cancer cell lines (Figure 3).

8-OH-dG levels in DNA

The 8-OH-dG levels in the DNA in all three prostate cancer
cell lines increased in a dose-dependent manner (Figure 4).
The 8-OH-dG levels of DU145 and PC-3 cells exposed to
10 pg/mL of MgNPs-Fe,O, were 13-fold to 14-fold greater
than that of the untreated control cells.
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Figure 3 Production of intracellular ROS in DU145, PC-3, and LNCaP cells after
treatment with MgNPs-Fe,O, for 24 hours in the absence or presence of NAC.
Notes: Data are presented as the mean *+ SD of three independent experiments.
*Significantly different from the untreated control at P < 0.05; *significantly
different from the control at P < 0.01; **significantly different from the untreated
control at P << 0.001.

Abbreviations: ROS, reactive oxygen species; MgNPs-Fe,O,, Fe,O, magnetic
nanoparticles; NAC, N-acetylcysteine; SD, standard deviation.
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Figure 4 8-OH-dG levels in DUI45, PC-3, and LNCaP cells after 72 hours of
treatment with MgNPs-Fe,O,.

Notes: Data are presented as the mean + SD of three independent experiments.
*Significantly different from the untreated control at P < 0.05; **significantly
different from the control at P <0 0.01; **significantly different from the untreated
control at P < 0.001.

Abbreviations: 8-OH-dG, 8-hydroxydeoxyguanosine; MgNPs-Fe,O,, Fe O,
magnetic nanoparticles; SD, standard deviation.

Effect of MgNPs-Fe,O,, DTX,
and MgNPs-Fe,O —DTX combinations

on cell viability

MgNPs-Fe O, alone slightly, but significantly, reduced the
viability of LNCaP cells, but had little or no effect on the
viability of DU145, PC-3 and PrSC cells (Figure 5). These
results suggest that the cytotoxicity of MgNPs-Fe,O, may be
dependent on the cell type of the prostate cancer cell line.
DTX alone decreased cell viability in a dose-dependent
manner in all three cancer cell lines (Figure 6). Combined
treatment with MgNPs-Fe O, and DTX enhanced the
inhibitory effect of DTX; in PC-3 cells, 100 pg/mL of
MgNPs-Fe,O, plus I nM of DTX reduced cell viability so it
was similar to that caused by 10 nM DTX alone. These data
suggest that MgNPs-Fe, O, may be beneficial in reducing the
DTX dose it may and thereby overcome the safety limitations
of DTX.

Effect of MgNPs-FeBO " DTX,
and MgNPs-Fe,O,~DTX combinations

on cell death

An apoptotic fraction of cells containing subdiploid
amounts of DNA was detected as a sub-G1 peak (Figure 7).
MgNPs-Fe O, caused a dose-dependent increase in the
percentage of DU 145 cells in the sub-G1 fraction; similarly,
DTX alone elicited a rise in the percentage of cells in the
sub-G1 fraction. Combined treatment with MgNPs-Fe O,
plus DTX augmented the effect compared to either treatment
alone; this enhancement was dose-dependent.
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Figure 5 Effect of MgNP-Fe,O, exposure on cell line viability. Effect of MgNP-Fe,O, exposure on the viability of (A) DUI45, (B) PC-3, (C) LNCaP, and (D) PrSC cell

lines.

Notes: Data are presented as the mean + SD of three independent experiments. *Significantly different from the control at P << 0.05.

Abbreviations: MgNP-Fe O

,0,, Fe,0, magnetic nanoparticles; SD, standard deviation.

Neither MgNPs-Fe O, nor DTX alone increased Annexin
V/PI staining (Figure 8). Conversely, a significant increase
in the percentage of apoptotic cells was observed during the
combined treatment with MgNPs-Fe O, and DTX compared
to the untreatment, the treatment with MgNPs-Fe O, alone,
or DTX alone (P < 0.05).

Effect of MgNPs-Fe O, and MgNPs-
Fe3O4—DTX combinations on NFxB

expression in DU 145 cells

Treatment with MgNPs-Fe O, alone did not lower NFxB
expression in DUI45 cells; conversely, treatment with
MgNPs-Fe,O ~DTX combinations inhibited NFxB
expression in a dose-dependent manner (Figure 9).

Discussion

DTX remains the cornerstone of chemotherapy for treating
prostate cancer when castration resistance is documented and
secondary hormone therapy is ineffective. However, to be
effective, DTX must be administered at such high doses that
can induce significant toxicity.”'” To overcome this drawback,

combination therapies have been developed; DTX combined
with tyrosine kinase or bel-2 inhibitors are currently in Phase 11
studies for treating CRPC."” Drug-delivery assemblies consisting
of a nanocarrier, a targeting agent, and DTX have also been
developed. For example, NC-6301 — a polymeric micelle with
DTX — shows less toxicity than native DTX in vivo; NC-6301
is a nanoscale drug delivery system approximately 100 nm in
a diameter.'® In the present study, we found that DTX alone
has a strong anticancer effect, and the cytotoxic effect of a low
concentration (1 nM) is augmented by MgNPs-Fe O,

Many studies have focused on the use of NPs, especially
MgNPs, in theranostics.'®!" Due to their biocompatibility
and stability, iron oxide MgNPs, particularly magnetic
Fe,0, and its oxidized and more stable form, maghemite
y-Fe,0,, are superior for biomedical applications compared
to other metal oxide NPs. Moreover, iron oxide NPs may
have additional utility as a contrast agent in magnetic
resonance imaging or as a carrier for drug delivery.''"* In
the present study, we focused on MgNPs-Fe, O, because of
their potential to treat CRPC. This stems from the intrinsic
properties of the magnetic core combined with the drug
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Figure 6 Effect of DTX alone or in combination with MgNPs-Fe,O, on cell line viability. Effect of DTX alone or in combination with MgNPs-Fe O, on the viability of
(A) DU145, (B) PC-3, and (C) LNCaP cell lines.

Notes: Data are presented as the mean + SD of three independent experiments. *Significantly different from the control at P < 0.05; *significantly different from the
control at P < 0.01.

Abbreviations: DTX, docetaxel; MgNPs-Fe,O,, Fe,O, magnetic nanoparticles; SD, standard deviation.
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Figure 7 Flow cytometry analysis of apoptosis of DUI45 cells. Panels represent the following treatments: (A) untreated (control); (B) MgNPs-Fe,O, (10 pg/mL);
(C) MgNPs-Fe,O, (100 pg/mL); (D) DTX (I nM); (E) DTX (I nM) + MgNPs-Fe O, (10 pg/mL); and (F) DTX (I nM) + MgNPs-Fe, O, (100 pg/mL).
Notes: Cells were incubated with each condition for 24 hours. The percentage of cells in the sub-G| phase was quantified for each plot.

Abbreviations: MgNPs-Fe,O,, Fe,O, magnetic nanoparticles; DTX, docetaxel.
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induced significant apoptosis in DU145 cells compared to untreated cells, cells treated with 10 mg/mL or 100 mg/mL of MgNPs-Fe,O, alone, or InM of DTX alone (*P < 0.05).
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Fe,0,, were highly toxic to the human lung epithelial cell
line A549; CuO NPs were especially effective in inducing
a significant increase in ROS production.?’ In BRL 3A liver
cells, only silver MgNPs were highly toxic; Fe,O,, tungsten,
aluminum, and MnO, exhibited little or no toxicity.”
Conversely, iron oxide MgNPs caused hepatic and renal

damage when administered to mice,” and the reduced
viability of J774 macrophages in vitro.**

ROS act as a second messenger in cell signaling and are
involved in various biological processes, such as growth
and survival in normal cells. Oxidative stress reflects a
redox imbalance within the cells and usually results from
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Figure 9 Effects of MgNPs-Fe,O, in the absence or presence of DTX on NFkB expression in DU 145 cells. (A) Western blot analysis. (B) Densitometric analysis of NFkB/

actin expression ratio.

Notes: Cells were treated for 48 hours. The ratio of NFKB expression/actin expression represents the mean + SD of three independent experiments. Results show that
NFkB expression decreased in DU145 cells treated with 100 mg/mL of MgNPs-Fe,O, with | nM of DTX compared to untreated cells (*P < 0.05).
Abbreviations: MgNPs-Fe,O,, Fe,O, magnetic nanoparticles; DTX, docetaxel; NFxB, nuclear factor kB; SD, standard deviation.
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the net accumulation of intracellular ROS, which are not
detoxified by cellular antioxidative agents.” In cancer cells,
the production of ROS is typically increased; since they play
important roles in initiation, progression, and metastasis,
ROS are considered oncogenic. However, ROS are also
implicated in triggering cell death, including that of cancer
cells; thus, their production is desirable in chemotherapy,
radiotherapy, and photodynamic therapy. This dual role
of ROS has led to the development of two paradoxical
ROS-manipulation strategies in cancer treatment.” One
strategy is to treat tumor cells with antioxidants, such as
through the dietary administration of red wine and green
tea polyphenols to prevent cancer. The other strategy is to
provide pro-oxidant therapy, which consists of generating
ROS directly and inhibiting antioxidative enzyme systems
in tumor cells. In the present study, MgNPs-Fe O, exhibited
cytotoxicity toward PC-3 and LNCaP, but not toward
DU145 and PrSC cells. The LNCaP and PC-3 cell lines
have previously been reported to have unique redox state
properties, including the production of different levels of
oxidative damage products and antioxidant proteins; these
differences may provide new insights into the possible uses
and dangers of using pro-oxidants or antioxidants as cancer
therapeutic agents.”** We found that the MgNPs-Fe O,-
induced increase in ROS was most robust in the DU145
and PC-3 cell lines; however, the levels of 8-OH-dG, an
index of oxidative DNA damage, were comparably elevated
in all three cell lines.

The transcription of antiapoptotic genes is activated by
the NFxB signaling pathway, resulting in cell survival. The
NF«xB signaling pathway also plays a critical role in cancer
development and progression, and in the development of
tumor resistance to chemotherapy and radiation therapy,”
particularly in the transition toward CRPC.* Previous studies
demonstrating a relationship between elevated NFxB and
a worse prognosis support this notion.’"** Thus, the NFxB
pathway has become an important target in the development
of novel anticancer treatments. The combination of magnetic
NPs with either adriamycin or daunorubicin has been reported
to increase p53 levels and decrease NFxB protein levels,
leading to increased apoptosis in Raji lymphoma cells.”® In
the present study, treatment with MgNPs-Fe O, or DTX alone
had no effect on the expression of NFkB in DU145 cells;
however, treatment with MgNPs-Fe,O ~DTX combinations
decreased expression in a dose-dependent manner. This result
is unique because many NPs have been reported to activate
the NFxB pathway via activation of mitogen-activated protein
kinase cascades by an oxidative stress response.* Thus, our

results suggest that the decrease in NFkB expression resulting
from treatment with MgNPs-Fe,O ~DTX combinations may
be uncoupled from ROS generation. Although the chemical
components involved in NF«B inhibition and ROS production
have been identified, the contribution of MgNPs-Fe O,
exposure to the mechanisms of induction and action remains
unclear. Further studies such as those measuring NFxB DNA-
binding activity are needed.

Conclusion

We found that MgNPs-Fe O, significantly increased
ROS production in prostate cancer cell lines and induced
oxidative DNA damage; the cytotoxic effects of MgNPs-
Fe O, alone were modest. Treatment with a combination
of MgNPs-Fe,O, and a low dose of DTX enhanced the
inhibitory effect of DTX alone on prostate cancer cell
growth in vitro, and also suppressed NFxB expression.
These findings offer the possibility that MgNPs-Fe O, may
allow the dose of DTX to be reduced without decreasing
its antitumor activity.
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Effects of magnetic nanoparticles on prostate cancer chemotherapy
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Abstract

Prostate cancer is one of the most prevalent cancers in men in many countries, including Japan. Several
management options are available when prostate cancer at an carly stage is diagnosed, including surgery,
cryosurgery, radiation therapy, hormonal therapy or watchful waiting. For advanced prostate cancer, the
surgical or medical ablation of androgens is regarded as optimal first-line treatment, however unfortunately
androgen ablative therapy is palliative. For castration-resistant prostate cancer, chemotherapy is used, however
needs to be improved because of limitations by lack of specificity and systemic toxicity. Nanotechnology,
especially, magnetic nanoparticles (Fe;O4) have potential applications in drug delivery, cancer diagnosis and
therapy. In this, we attempt to provide up-to-date information regarding prostate cancer and show our data

about effects of magnetic nanoparticles on prostate cancer chemotherapy.

1. ILdDiC

BAATEAAND 3 RECRERBDO—2Th D, AFIZHT DAL AL, ETE, FHIRERD
ERKAL, mEfinilk & OF Prostate Specific Antigen (PSA)Z L B2 FiEDOERIZL VML TR Y, FDRE
BEOERMEBIL, 1975 FLEEINL TV 5, 2020 FI2iE, AFRBHEORBEOFE 2L 725 & T8
ENTWBY, BEEDOFERMEBIL, 1950 FRE D5 90 FERE I F THIML, ZOHBITVIRET
b5, 2009 FTIHMBEOE AN T, BUERIFE6 M THAHY, AAAORBRIT, BOKEEB LV
TAVIORRBRI VKL, BAEEOTTIXT AV W BAORBEN R LEVVERN Y, AHE
WL DA ET 29, BIZIRASA OEIEICIE, FRIER 2N, $ORMET 2L, il
FEVE, BSHRIRIE . NOWIEREN D D, BISLIRDS A DIRFEITFEH, EYEE (Gleason score) 254 23|12
LCRIRENRESN DS, BRSNS T3 (A8 TRET 523A), T4 (IS ORI
RET A23A) 1xh LT, WM B S D VI oBiREL20HE L THW SRS, NOWEIET
BISZAR S AR O IR O BHEFRNEL (72 K4 | androgen) {KIFMEICHITET APEH 2RI L7
bOTEH Y, EHUOFEEAEER FHTX° Luteinizing Hormone-Releasing Hormone (LHRH) A2 7 > K 4
VEREREENRH D, Ll BUHERALEVIFRIE?L L O TRIIOWMENR TS, BB 54
SNDBHERNVELODWMEIT, P72 FubdrAici 7oy rd3Z LR TESD, 7o Fak
VEREFRELHT  Rud LREATA L LHD (MAET L Fu s U IRERE,. combined
androgen brockade: CAB & L <{ZIg K7 > N4 v BHE#%E, maximum androgen brockade:MAB) . A
FEHIAYHNT 0N U EDBETHRARD S L. L OBAETHR A ITIBIEODRN LRV, K
KRFCE (FR) 975, Z0OL D RRIEDRTISLARAS A & BIARTSLIRDS A F 7= X9 I TE IRk
ATSZARAS A & BR 5, PUATIATRIEDS TN TRV EFIR, PRI DRI < 72 o 1 M2 F 1ok i



EPTONDMAE DPFAT, K& BN EERETIRA ABE O PSA E% BV VER TR F 4,
ETFHMOEREES Z ERRESNY, BRINIEAAICK T 28803 mEL LT, Fedxk
/v (docetaxel: DTX) 2MEEEIED firstline & LTHEAENB & 9 »7z, DTX NG R 30 ©
HEZRETHFICL VM EOREL, BREAEEIE L, WIEAOBIELEET ST L0 Mg
WEHEE L CHIEEHRLBIETS LEZ LTS, L L DTX ILERINE 7 & OBITER &40,
BREERDICONTH2 RSB 5% I L 0 RAETTHRAHBARES NS, AT, &%
Iz, ST DTX IRPIE A BT 5, Lianio T, DTX I, oA L ofFAe, 5RO ES
BEELEZ LND, DTX BHE5HOBEBRAMSLIENS AR LT, # 24 2 RIADN AHFID Cabazitaxel DI
FREBERDTHON, BT Y A7 % 30%ERES T L ME SN TS, 208 51285 LWDFIARAAI DY,
FOFEEZENDNBRTRMTORTNS,

2. BISZARAS AT IS U B HUA AVAIEERHLIEL DT

RTSLIRADS A DT AFRERFHEERIT, WAV A RBEAEET 5 (Fig 1)), 2 1F, ATP-binding cassette
transport proteins O IBFFEHENH 5,

hoo tran‘sport proteins (X723 L4l (DNF-xB pathway
NaP BB AFIZFEH L, MR Ros 11—
P % (S S ¥ 5, tansporter SRS
proteins A3 B Mk, HLAAR @PI3K/AKt/mTOR pathway
HEPTME & IR 2 AR B, PBK s

Coie2 ) —

/o signalling intermediaries > —-> 3 > Chemoresistance |

& LT, Phosphoinositide 3*-kinase LNCaP and PC-3 have mutations
(PI3K) / Akt / mammalian target of
®p53pathway R

rapamycin pathway (mTOR)23&% 5, P

PI3K/Akt/mTOR [3HIIEDATE, o e
N, B ICEE LT 5, DU145 (mutated p53) and PC-3 (p33-null)

ZORBEEIHNT D Z Ry EH

PTEN T 5, BISLIRA A D3I 80% Fig.1 Pathways of chemotherapy resistance in prostate cancer
MEZ 237 OBEETES MR HE Z TV 5, Akt 1T apoptosis Z il L, PI3K {3 multidrug resistance protein
1 MRPYDFEIRE EF & 5% L THBAANEIIELZ /T 5, PIBK & Akt X mTOR ZTEMEILL, &
¥ SERPABEBETOEMERE T 2 IBRBHEE S, ZOMIZIL, apoptosis, inflammation, angiogeneisis
FIIhD Lo BRBIEET 5.

3. BISZARAS AHMIRIC IS 27 /BT BT/ RIF ORIz oW T

UHIERE T, ST/ RTE (97 R P A b Fey04n ZBLTH 2 TiO,, 77— L2 Cgp, H—H2
77 v ¥ Carbon black, 74 Kaolin %) Otk HuiEsk UiliAs AAINEEE A549, BILARDS AFHNEHE LNCaP,
DU145, PC-3, BISZIR ERZHINIEE RWPE-1 %) ~OMIFENER L EETFEOFEZ1T> T & 200,
EORT, v I REA MF/RFIEEIC L D ATLIRAS AMIIIERIC Y EARAFRIZR cell viability DK T &
! 8-hydroxydeoxyguanosine (8-OH-dG)DHF B R EMEFR D=, ZOMHRELY, DL b xF A b
F 7RISR, BIIRD AHIIEARIZ R U CHIIREE RS L OEESEE A LIEH L EAD
N, T0%, <7 REA bT 7 RFEELIRD A MR I & EE 5 FE (Reactive Oxygen Species: ROS)
DEEMETEHENFENT, BERBARLCHILIR AMIET, HEREEERETFBRO KB
{CEEE ORIBBEL L, redox state I K EF UM S H2ENRBEIN TS, ZALDEELY FL
v T RE A NFRTICIRE SN MR T, BRLIRS AMIED & 512 ROS EHBEME S AT LT



AP BRI VHIIRIC LT, ROS BEAS LA L. MIlREECREFEMSELD EELLN, <
JREA ST BFI3FTEE Fenton BUS(H,0+Fe’ —F +HO+HO" 2 T 5 b, ZDOMOKRRIZL S
ROS A bBE SN, BUMLA FLAREL D LRESRTNEY,

4.ROS #FA Uiz ATRTRIE~

ROS B {411 second messenger & L CIEFH AN > I ) v F TEEREREZRZLTVS, —kiZ,
RAFM T ROS EEAEN ERA LT, Bl - @BEORAMROBEIIKELBboTd, —H, 1k
R RO RRIER L UL FARIEIEIC B VT ROS MEANHEELZ L b3 EE 2 RH LR
ELTWS, ZheDIFhb,
FUBRL A A TR
(Anti-oxidant Cancer Therapy)
& ERAARED APFRIR
(Pro-oxidant therapy) -2
DIRFHEDREZE Z LR TND

Prdéié‘fﬁcapcer cell

/

®, BELFRERIE, Vitamins ! ’
C&E S DR A DI Y Cell viability | Multidrug resistance proteins
iAZx, glutathione peroxidase l,

=0 catalase % D ROS Prolifere;tmn I;)UCI-:SL
scavenger enzyme e . -
overexpression MR LGB e

— 77, BARAER ATREIL,

Arsenic % Imexon % £ D Fig.2 Effects of Fe;O, NPs and DTX on prostate cancer cell

ROS #E4 . Glutathione(GSH)

DEFEENZYU T D, AWREL, ROS EAI L 3EBKBENSAREICER Uiz, ROS EAZBET
BEIC LD, BEICHINELE b7z b3 REIEY . SEHBAFEOHAT, TORFEEEDL LT,
FEDOBDREFIELRWERZBRBT 2%, 374bb, DTX & 7R ¥4 M/ RFOPFRIFEIC X
D, DIX OFEEZ#HEO LT, FREOHREROMA L OB E2FEEICTH Z & BIF Lz, EFC<
TREA M RFIEERAEE RO = P TR NEEAIE LTHA SR, HH0ENADIRE
FIE~DIEROFHENELHBE L LY v F %A M)/ BLFD theranostic application 233 % 5159,

LNCz;P*f ’

ABAENZ~ TR EA b 2RI T
FOER U7 ORISR A Mg ~0
ZhE 100.0 -

WHFFEER T, RZIRDSAMIEREIC 80.0
first line CHEHEINDDTX &=/ R
BA WF R R GERIRE L, DTX
DFEAEERED L, £ ORI HEE 400
TEAHHEEWE LTV BFig2) ", 0o
ZXUTT TR T A ST R DR
PUZEL Y SAE N, HIBEH C ROS BEA: 6o -
WHERR &, FTEE ROS ik & 72 o C

WA EEZ LN, [EREHC Fig.3 Ef.fect of the combination treatment of Fe,0, NPs and
Rapamycein on the cell viability in prostate cancer cells

1200 -
[7J Rapamycin 0.1 nM

B2 Rapamycin 1.0 nM

60.0

inflammatory response factor X2



multidrug resistance protein FEEH~D

EELHERSNZ, ZOLIE=7 1200

VA ==l {1 Non-modified NPs
* AT *\—L% & DTX O)ﬁ“ﬂ B8 -] M{::d;ﬁed NPs
RN TR L ARG E RT3 & 100.0

ch, combination
EZ bz, £72, BBRRAACE
WTPBBK/AKY/mTOR > 7 U v /%
BEERMEZTH2ERDSR TN 60.0
B, BEINOLEENIZLEZL D
STEMEORENED BTN,
¥z, PI3K, mTOR FREH OFIEL 20.0

80.0

46.0

PREIRESN TS, mTOR i
mTOR complex] (mTORCI1) & mTOR 0.0 sy o o \\s\\‘?@ i
. o o S
complex2 (mTORC2)2> b 72 &1 Fig4 Effect of the combination trea&{ment of Fe;O, NPs and
T, w7usA4 FRFERTHA Carboplatin on the cell viability in prostate cancer cells

rapamycin }Z £ 9 Z O mTORCHIZAFRMICME SN 5, LA L PIBK/AK/mTOR ¥ 7 U » 7 5RIZPTEN
L HIEENTWDOT, PTEN OF ML LY rapamycin DZRVBRAR D, Z 2 C, ZODORFISLEN
AAMBARE DU145 38 L UVPC-3 125 LT, rapamycin &~ 7% 2 A MF /BF2BHARE L, Z0OHRIC
DWTFHE AT o7, DUL45 flEiX PTEN BRMEAIIECH Y . mTORCL 270 LIz BMRFEMAL L Turian
o, TOMREDRMMELS, PC-3 i PTEN KIBHIETH Y, mTORCI 24t L= RAEFAIZIEMEL L
TWa7zH, HEDRITDHD LEZ LR TS, WHEHEH &S rapamycin O 1/10~1/100 ¢l A
B, wIREA N R ERIFAZ cell viability DIE T 25RO 72 (Fig.3), LML S, DUI4S
& PC-3 MBI IR b dotz, 77 FFHHIT, second line DEABELH I T3S
carboplatin I DWW T H D EIT > 7o, TOEZDERBFET X VALIER T, DNA ZEHHE
ADEETERIZ LD . DNA &REEZ b7 5999, 12 2 0 second line {3 DTX (25 U CTHEA LM % 5
DE DR T BILRD A DIGFRICEE RN E % (59 5, carboplatin 10uM T, ¥ R¥ A hF /HL
F LR LR, = 7 RF A MRTFRERENIC cell viability DIE T #5807, BRENERL, LR
X VEER Uin~ SR E A b BEF & IHERET  RITF & ORT, carboplatin OZhE SR B HR
B BT (Figd), . DTX & [[HEIC rapamycin & 5 UME carboplatin & v 7R ¥ A ) 2 KT 2 MHE
DR EOHBAD S 7Y o S EORALELE LD,

5%5&®

PIBAA L= TR E A N RFOPRREIRIC L 5 RTS8 AR ORI AL 00723 & i
WML, BEETIZ, T/ RFOKRE S, RMEMEPHIB~OR Y AL, HIRFEESICEERY
BEEZ ZERBEIN WD, —F, T /8T 2R AALEHRISHIEICE 2 2RO FERUISE,
BRI, BN AMIBOEEIC RS B2 bND, LIRMEHR~ 7 RP A M /R Tho
Th, MBSICZORIZRRY, FAVBHBAANCL Y, ZOBRIIRAZ D, T /BT OME
LHRIZ B B RIS & OBRIC W T FAEDFEN L~V CRITT A ERLBE L #E 5,
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T, BEBREIIRD AT B L FEBIED First line
ELTHEATZ ERED BRI LinLi
Mo, DTX FIEIE, BHEIEl2 EORIER % 4

, BREIMGERT 3 L RAICBEERAR R 2252
&%’, IR HLA AFIRTUE 2 ST D Z L 3
HEENTWD., £ZT, thoFEAREEZHFATS
Z L TDTX D5 BZBET DIRKIEL, DIX
WKRDDIFLNIIBAREZRRT DLERD Y,
BEASHFREESNTND.

2. INABIBERMED S FiHE
BINZIRAS AT BT DHD AFHEFME O #EIZ1T

g1



SEIERVITABRBPESLSLTVS. DIX
EETe% < OHIBARNTK T 2 ZAIMMED 5 F 5%
# & L C, adenosine triphosphate binding cassette
(ABC) transporters @ i R & B 23 H 5 . ABC
transporters I%, A A R0F ST E Lo e ER
T B MR BB DS Ry HDO—ET,
% < DRI FE LB EWE O R
ELTHIELTWA., & MIBWTIK 50 FE38
@ ABC transporters NFERR SN, 420V T 77
RV~ I ND. ABC transporters D —-D T
& % P-glycoprotein (P-gp) X, 77 1 130~180
kDa D4y F &, ATP #4r L CEEWE & Mzt
~PEHT B, P-gp X, EERALAAERIZ B
THRBEMEN—5TC, BISZIRIEE ER CRENE
W2 EAERD B, BIVRS AMRZIC BT, P-
gp DFRBEPIERIMGTME L AT D Z & b
ERTW39, £, ML ABC transporters 0
BCRP/ABCG2 1%, serine/threonine kinase ®—->T
BB Pim-11CY VEMEENDZ LT, RIS A
mm%kﬁwfnnum*%%T# & DR wb
ni’.

P AA RS
gene in B cells (NF KB) v ﬁ‘/l/n‘x%%ﬁﬁﬁi LT
W5, NF-kB &, A b I/X*?-"bh/f oA %
DRI L » TEHEALSH, HEHEED
apoptosis 72 & OFRMIEICEE 5§ 2 EERERER
FTHD. NF«B OFEEFIEANER, B v
v TR EOREMERERE, BUEEY 2 v 77k
EOBRRERD. £ OBPATEVT, NF«B

DEFEEECRRDO BN D Z &b, NFkB
ZIET D Z LI K DH0 AFIRZ DR H
mEND. BIZER AN TIE, T e
T ARFFPED LNCaP R° LAPC4 #llf@1% NF-xB O
EHEPIEWN—FT, 7 e dF U IERFEED
DU-145 %° PC-3 213, 1EHMICHEM/ML TW
b, ﬁl)¢ﬂ5§7b>h@ﬁif¢{h NF-xB 3B
BELTWAZENRBRENDY. &5, BRRK
B L UMKk E Ao ERICE Y, DTX #5
7% NF-xB OiEMHELZHET 5 Z &%, NF-«B @
BT ORBME T T, DIX 2% 575 LHEE
PIROBERPBO b/ ®, NF«B DiEMEL

B DOTX EHFHEZEE L TWAB Z EARBRENT.

Tl E, DIXBEHIZE->T, KEMYA D

20

W23, Nuclear factor for K-kinase ;

A ¥ D—-DT¥ B Interleukin-6 (IL-6) DFEH EIZ
BAITERD b o 7=78, IL-6 BIaF % RNA
T X o THflT 5 &, DTX OHIEBEZIED
WARLEY., ZOBRND, IL-6 IXRIZRBAD
HWHIHE—H— LRI D EBZDNDN, £
DREEELTIIZ OV T, Fl2 BTN METH
D.

ITEE T, DUI4S R PC-3 IZBWT, FEICHif
I ORE, 5{LiCB8 535 TGF-B superfamily
D—2>Th 5 TGF B1 A3, DTX HEHMEE £ U A%
BERAET DI LN in vino ERRTRBREN.
E B2, DTX HEFIERTSL AR AR O ETFED,
Notch/hedgehog pathway (ZHEF L, ZHHEED
FLEH & DTX 20835 2 & CHIERESR 3
K35 Z N in vitro X W in vivo DEERTR TH
HERTVBEY, b EESERV /T RERK
BEETHZ T, NAMIRITIRS SRS TEE
BWELTWEEELLNS.

3. PI3K/Akt/mTOR signaling

7R /\/ﬁﬂiﬁﬁ?&ﬁkﬁg 5533 7 FEEKO—
> & LT, sphoinositide-3kinase (PI3K) /Akt/
mammalian target of rapamycin (mTOR) A E B &4
TV 5. PIBKIE kB Aa 88 58 [A F (Epidermal
growth factor : EGF) 72 & DR F1Z X - TiEHE
fb&i, FhRiCHioOEECHSZHICE S35
BB FHENHFEET 5. mTORIZ289kDa
serine/threonine kinase "G, PI3K Ofiifit K X 4 L &
FEREICRSHEEELZRFE>Z L2 6, PBK
related kinase (PIKK) family d—2 & &}, Z DO
EITERE LT v b, TR, £ELTE MZED
ECTIRELSBREENTVS. mTOR (T PIBK DT
FICEAE L, ribosomal p70S6K (S6K1) &5 Wi,
eukaryotic initiation factor binding proteins (4E-BP)
FEBEEE TSI T, MRS R e EET S,
T OMREIE, TEIERBEAFIZL - TPBK
MIEMLT D &LICLY, PIP3 2AEKT 5.
PIP3 I ORBOEBEEL IV FAy Y
Ty —ThD At ITEER/KEL, TOED
kinase {Z K ¥ Akt BEMHALRE L 5. Z OTEME
{b Akt 78 tuberous sclerosis complex 1(TSC1)/TSC2
BEEEMH TS LT, mTOR BiEMH{LEh
5. %o, TSCUTSC2 E&EHEN & T, Akt

o[z



E# mTOR % U V Bk LIEMLREBICT 2R
LHEET S, WO mTOR X, mTORCI &
mTORC2 & TN ZHERERIIC R 2 2 o0 ¥ A
E%F T 5. mTORCI %, Regulatory associated
protein of mTOR(RAPTOR) & W5 =2 D # 1%
JENDERE N, FEMITEE L CHR MR
R 2 8)E < JAHi$ 5. mTORC2 i¥, mTOR,
mLST8 , companion of
mTOR (RICTOR), SAPK-interacting protein (SIN1),
Protein-observed with RICTOR-1 (Protor-1) 2> 5 k5
EBEEREERL, 77T MEEKREATIsA
ZF#H 3 5. mTORCl, mTORC2 ¥'H b DHE
Bo At I & - TESEEHE LSS, Akt 2,
DEIREEEEIHD T 3 Ik RE
OREREEZIT O 12O OENST52 I VBT 5
T, EENTIEREIRE O LSRR
EnTWA R,

Z DR EAITHIE T 5 2 AMERE TS, Y
L 0 10g23.3 12L& L TV % Phosphatase and
tensin homolog (PTEN)Cd 5. PTEN i PIP3 % Jit

VUBbT A2 itk Y, FHO Akt % mTOR

Rapamycin-insensitive

-
L,

EHEILTWS. LrL, £<ORAT, PTEN

BEFIIAT VARBRLA TR EOTE Y=
T 4 v JEMIC X B, PTEN & 130 B OKkEE
REVHESN, FREEOEBLED LA T
B BISLENACBWTIE, K 80%ICFZ v
Ry EOERENRD b, PTEN K< U A
EF ML o TELIEBARETTHZ L LED
LY, BISIHRDS A DIRFRIZE VT, PBBK/AKY
mTOR signaling MREITIER IZHEEIZBEI G LT\ 5
EEZBND.

4. HIZBEAAICHLCERASRS
I AEIDERER

4. 1 FEa2%tiL

REZFELDOTX) L, BNNEX 7 O
BEAZMAETH Z LI Vi NEntEl, BF
FERZREL, MRSAEEZNET S L, Bel-
2 DY UEREE L O Caspase-3 DIEMEAL & FHiE 4
DT, UBBMRERET L EEX T
D. BEFRETIE, BRRNIRS ALK 2 k%
FEED First line & LTER &SNS DTX &, ik
BF JRFDO—2THBT X HA b (Fey04) &
AR AARREERICOFRB BT 22 LT, £
RO DTX DET, RVPHEREFTED Z L ELET
L7z,

4. 2 Rapamycin

Rapamycintd, FEARKFLEED B TdH HRapa Nui D
TEY o IAnbpBisntz, v/ aiA4 REXR
RLAEME TH D, RapamycinlIFK506 & FEiXHL
% G i P H] & REEDMEL TV T, mTOR Z4ZEHY &
LTWa. #i4E, b FORART TR, 2804
RIFD L 5 RRHFAR, EESEGERICI
TmTOR IZHIARERNRBDO N Z &b, FF
BICER SN TV ARIEBED—>ThD.
Rapamycinl3 B MNEIZBIT B AT v MEEZ DO
EREIAEZ IR T 2700 E LTEREND
2, R OISR, /MR OB & v o T2El
ER 4 U 5. Rapamycinid, fifANL &7 & —
MDFK506 binding protein (FKBP12) & & & F AL
L, ZOEAEEN mTOR O kinase &% HES
5. mTOR 73 Rapamycin {Z & > THE I
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B WBEESO Gl #iTEEELREsRh, Go#lE
R Z v R BEER b E1ET 5. Rapamycin
L B < L7 mTOR FAZEHI & LT,
everolimus, ridaforolimus<°deforolimus 3t D 4)'E
B, SEIERBACHIET DHIA AR E LTH
FEEINTWS.

temsirolimus,

4. 3 HIWRTSF >(Carboplatin)

BIE, DAFEFEO LR &E - ) i
NEIR T T FFBIKIT, FERIEE-CINENA &1k
HETDH, BEL ORATEIK U THRENER
HRTWD. 77T AL, DNA CEREEHR
THRBAKIT, KR TEEERICERE, BAM
AR D DNA RF U R BIERTHZ LI LY,
DNA OB L CEEZHEL, HHRIE5S.
REFEWR T TFFRENIS AT TF T, BV
[EEREHTHD, BEEEHENGE & Vo7
WMUWVEHERBNE LW, 22T, YRATSIFV
OHIEEDRZHOH Z &L, M OBEER Y
DREWERZER T Z L2 BRI hZTZ
T HHFI,
i, RISTRAS AMIIERE DULAS IC VR T T F o

¥ 51%, 48, nﬁﬁ&;mmﬁf4%Mmm'

blue assay (2 & - CTHIE bﬁ.ff% IREERAFEIIT

HAEFERB™BOT D Z L MBESNE (H2).

Eio, A TRVIRBABRICES Anbiiz=
A NG LAF(EMP) & DTX, INKTTF
EOEREET A L, BIIRNSABE O PSA AR
30% L FIE T 2 lMERBBRLMES LT
B9 HtoT, A%, WARTIF UL, B

MANZRT B Second line & LTHERENTWAS.

120

I —4—48h
100 | &
L

~5-72h

vl
[}

60

Cell viahility

40
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Q .
— 10 20 30 40 50 Ca’ifg')at‘”

2 Carboplatin 3% 5-BHZ 1 5 DU4S DfaA TR

40

ﬁw%77?/1b6 W=

5. HIMIENAMIEICE T BHEERT
HFDEE

SREE, STy ud—iE, BAzBDETD
ERESF~DOISANER S TW5D. F/HFid,
HYAMEOSRF DR, EHEED D5 VITEE
DIRYEE, BWEEOHEH & ‘DWFH f D8R
MR NI CES. FORDITE, T/ RT
DR MR L= T, EROGRELTHREL
TV LERHD. BEBERRCSRT /R
“F (Superparamagnetic iron oxide nanoparticles :
SPION) I%, #setEsilte LTER S, £O%
WAEENL T, BERILWEERE (Magnetic resonance
imaging : MR DE&EEA, EHLEETFEBHOD
s ~a%Ed 5 v A7 b (Drug delivery system :
DDS), EZVEE (Hyperthermia), & L — MEE
R EIEAER TN,

SPION D —D>ThHhDv I x& A T /KT
(Fe;04-NP) I3, DT/ BIF & H~_Timv A
A%%ﬁb,%@ﬁﬁ@ﬁb%&w*awaw

EFENDG, BB AITRT DIBRIECRENED
A, &%/uh_lﬂ EERTND. ¥BHEET
%, AR Fe304-NE DOv AR (S A KRR
A549, FISTIRSAMMIERK LNCaP, DU14S, PC-3,
RISZAR | R A0 RWPE-1 72 &) ~DHifazE i

J:U“iﬁ%%'féé@%‘%zﬁﬁ%ﬁo Tk, TORKER,
Fe;0,-NP BEFEIZ K 5 /i S AR DY A AR BR 1 IR BE 4

Tm&ﬂwér+®ﬁT,k;wMMvaxw
FEHE L 72 B 8-hydroxydeoxyguanosine (8-OH-dG)
FERENBRD bhi. ZOZ End, FeO4
NP 13, BISZERDS AR LT, flamsits
FOHEBEEZAELI®L EEX DN, FO%,
Fe;O,-NP 1%, RISZHRA A MHAORRIC TSR R TR
(Reactive Oxygen Species : ROS) Z M &5 &
WS FER MBS H7s. FesO,-NP iE, Fenton S
(Hy0, + Fe®*— Fe’* + HO™ + HONIZ X W /T 5
TV =TV E ST, BU{EA PV ARELD
TENBEINTNWSE, vUADT IR T y—
HIIC Fes04-NP ZMRE 32 &, ROSNBAEL, £
® ROS AL ZFHFES 2 Z & AFRES T
27, BISLARDS AMIREMRIC S LT, mm
BEANRERETAZ LICLY, MasEtEESE
MELDHEEX BN



ROS H &} second messenger & L CIEF D
VIFV S TEEREEERILTWS. {kE
BE, HRERREIER L UDER I FROTREIEICRB W
T ROS DEADHMIIEEL bTc b BEREE %

BELTCWa, £2T, ROSZELTHZ & T,

MEBESREZFHH T 5B EN AL (Pro-
oxidant therapy) BB X b T\ 5. —XAIIZ, B
{LARHE D AFEVEIL, Arsenic = Imexon %12 L %
ROS 4, Glutathione (GSH) D EFER E 235344 1
5. AHFIEEIL, Fe;04NPIZ L - THA U S ROS
PEAZBLRENATEE LUSHTRETHS &
Exl. 2FY, FEFBAHKIE Fe;04-NP & 13
AFRIZ BERRE T D Z & T, MR AKIOHIEE
PDIRETFDDZ L2, IBAROEREZED

SE, BMERZ®ERT 5 L3 FREE 2D EEX
bivb.

6. Rapamycin & Fe;O4,-NP O #RZE

WMPFIEE TR, FISCARAS AAIARRIZ first line T
A XN D DTX & Fe;0,-NP Z OFfFHIREE L,
DTX DERAEZHE L L, TOPENHEFETEXS
ZEERELTWS, ki, BISBEBSAICIBWL
T PI3K/Akt/mTORsignaling B ITBEE 2@ % %
THZENHMBNLTWS., £ T, HEPBKS
mﬂm%WMth¢<@ > FEERITRRIE O BR%E
SEDHLNTEY, T LOFEED RN R
éz"b’(b\é (% 1). mTOR ¥ mTOR complex 1
(mTORC1) &, mTOR complex 2(mTORC2) 7>5

=1

PI3K/Akt/mTOR #R B AR M EAI D B PR3 ER

Drug categoky Drug or agent

Company Phase of Cancér type

name

clinical trials

Pan-Pi3K inhibitors GSK1059615 GlaxoSmithKline

2STKA74 Zenyaku Kogyo
Co, Lid

Chugai Pharma
Europe Lid
Novartis
Exelixis

CH5132799
Sefective Pi2K inhibitors  BKRM 120
X147

GDCo%41 Genentech

PX86& Cnicothyreon.

inc.

PI3K (ot isoform) BYL719 Novartis

PI3K (B isoform} CAL-101 Calistoga

Akt Inhibitors Perifosine Kenyx

MK-2206 erck

GSKE20693 GlaxoSmithKling

mTOR Kinase Inhibitors  AZDS0S5 AstraZeneca

osic27 [o33]
Pharmaceuticals

INK-128 intellikire

Rapamycin and
Rapamycin Analogues
{Rapalcgues)

Rapamycin Wyeth/Plizer

Ternsirolarius Wyeth/Plizer

Everolimus Novartis

Phase i
terminated
Phase |

Priase 1
Phase 1 - |l
Phase § ~ I

Phase i

Pnase i - I

Phase |

Phase i - 1

Phasa I'- 1l

Phase i - lI

Phase |
{fterminated)
Phase !~ I

Phase |

Phase i

Prhase 1 ~ Il

Phase 1 - 111

Phase { - il

Soli¢ 1umors; metastatic breast cancer
endometrial cancer and lymphomas
Advanced solid malignancies

Agvanced solid malignancies

Solicd turnors

Lymphorna; breast cancer; endemetrial cancer;
NSCLC; ovatiary cancer; glioblastoma;
asirocyloma.

©Advanced solid tumaors; non-Hodgkin's

lymphoma; locatly recurrent breast cancer;
metastatic breasi cancer; NSCLC

Incurable metastatic colorectal carcinoma;
incurable progressive, recurrent, or melastatic
squamous cell carcinoma of the head anrd neck;
advsnced solid lumer: prostate cancer;

giioblastoma

Advanced sofid tumors with a mutation of the

- PIR3CA gene

Non-Hodgkin's lymphoma; chrcmc lyn*phocrtec
leukermia; small lymphocytic lymphoma; acute

" myeloid leukemia; mukiple myeloma; aliergic

rhinitis

NSCLC; so[id tumors; metastatic breast cancer:
sarcoma; childhood solid tumors; malignant
gliomas; lyrmphomas; colon cancer; multiple
myeloma; solid tumors

Advanced solid tumors; breast cancer;

" lymphoma: colorectal neoplasms; laukemia;

overian cancer; fallopian tube cancer

Relapsed or refractory hematologic malignancies;
sofid tumors; lymphoma

Advanced solid malignandies; glioblastoma
multiforme; anaplastic astrocytoma; anaplastic
oligodendroglioma; malignant g!sorna, brainstemn
glioma; advanced hepatoceliular carcinoma

Solid tumors: ymphorma

Breast cancer; advanced solid malignancies; non-
Hodakin’s’ ‘Lymphoma; relapsed or refractory
multiple myeloma

Choma, reral cell carcirioma; advanced solid
cancers: bladder cancer; head and neck cancer;

renal cel it carcuroma

Metastatic cancers; advanced solid tumors;
breast cancer; glioma; NSCLT; renal cell
carcinoma; head and neck caricer; bladder’
cancer; colorectal cancer: Lthyroid cancer;
squamous cell cancer; prostate cancer; non-
Hodgkin's lymphoma; multiple myeloma;
malignani melanoma; endometrial cancer;
ovarian cancer; giiobiastoma maltiforme;
sarcema

Bladder cancer; advanced solid tumor; head and
neck cancer; gliomas; renal cell cardinoma;
lymphoma; kidney cancer; endometrial cancer;

201353785
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120

Fera
‘mDUL4S

®
flw

Cell viability

; Rapamycin
001 01 1 10 (o)

B3 Rapamycin 5.5 5 72 Bl OMIEAETFR

RHEBAEEEHERTS. LT, v7uFAf R
ZHERTH Y, BIIIRMB ATEFRD Second line
ELTHEZHR N T D Rapamycin 12 & 9
mTORCI R4 EMICHAEFEINS. L L

PI3K/Akt/mTOR < 7 F AR KiL, PTENIC LY

fEBEhTWBDT, PTEN ODFEIZ LY
Rapamycin DEIRBER D EEZONBT-H, T
D ORISR AHEIERE DU145 (PTEN B514) %6 &
U PC-3(PTEN KD IZH LT,
Rapamycin Z W L, 72 '
HIE L. ZOR, DUI4S, PC-3 Miakibic
W A RIS M AR L (B 3).
Rapamycin 1%, 23 A EEF TH D PTEN
TP53 BT HERER L L T3 B AR L
THYERRD LA TS,
PTEN BBEToH DA, TPS3 LR ZA T DM
HTHDED, ZOMAEKIZIY T Rapamycin
D AEGERICEE 52X ENEZDNS.
ERE, B PIBK/AK/mTOR 7 J /LIRS EH
BEZ235 % DU145, PC-3 Mifiiaiki
IR IR AEFROETIRDO G TN D
ki, WARKIBRICA LT, Rapamycin &
Fe;0,-NP O FIREXIT o =45 R, BEHEH X
1% Rapamycin @ 1/100 £ (0.1 nM) ZfEMH L71
b 59, Fes0,-NP I E £ AFAIZ M4 15
BOKTRAD N, S HIZ, Rapamycin(0.1
nM) & Fe;0,-NP 100 pg/ml IBEE LA TICRBW T,
Rapamycin (0.1 nM)B.Al XV b FEFZFHICHEEI
Ml AEFRERBOTH/EREPELNTZ(B4).

Fe;04-NP & FIW T BF BRI X4 2 AT 98135 %
SHFEL, FRBFLIESETHD. AR,

6 0

N L
METEE ‘ ,
VUTABEES LT, MRS 5.

DU145 HifarkiZ,

WWBRELTYH,

Cell viability

. S i 10 - 100

01 01 01 01 ;
o : Lo oMy

R4 Rapamycin & Fe;O,-NP f FIR## o Mla 475

AARBEBRLOVO 125 L TIE, FesOpNP &
Gambogic acid Z OffIlEEES 5 &, PI3K/Akt/Bad

72, AMB~< T AT ITEBWTIE, Fe;0,-NP
& H A A Fl O Daunoru-bicin, S-bromotetrandrine
EOFA#EE 95 &, apoptosis R MEEMEAL LT
M EZFET S Z L BRMESNTHWBE. 4aF
Ji%E T DTX & Fe;04-NP % OF FIREE L 72B%, ROS
DEAD M E L, apoptosis DE|ANEEM L= Z
L b, Rapamycin & Fe;0,-NP O ff FIREIZR
WTHEEA P LARR E LT BSTFREENRH S .
% Z 7, Rapamycin & Fe;0,-NP OfFHIC L - T

AU MR, SESERBEAESLTND

TEBEBEZONBZDOT, 5%, IDLITHMLEY

FRIE DT RSB L2 5.
7. X &£ 8H

BISLHR S A DIRFRIC K 5 FDA KPR,
2004 £ DTX LAFEHFEIZZE 5 £ T, Cabazitaxel,
Abiraterone, Sipuleucel-T @ 3 DR HB. & biZ,
B I3IHERRROKIT ORI LI NE, MDV
3100 & Alpharadin & ™ 9 BEREEAS, BISZIRDS A
BYEOEEFHMEEET DL ERRESN,



