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1 Ni NPs 2 2
in vitro
in vivo (gpt delta mouse)-DNA -
(A549
GDL1 ) 2
Au NPs
in vivo /
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miRNA
NFxB axis
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in vitro

in vitro

Part Fibre Toxicol 6(1),23,
2009;GenesEnvron, 33,14-20201L Nanotoxicology, 7.452-61, 2013

RAW?264
A549
in vitro
in vitro
in vitro
(1)
in vitro
( DNA
3D
3D
) (2) in vitro
in vivo
3)
(4)
27
(
) 3D-skin
model microRNA

1)
()
(Au) (A9 (NPs)
HAUC|4

CTAB
NaBH,
Au NPs
AgNO;
NaBH,
Ag NPs
TEM DLS

2)

(IN(NiO) NPs
NiO NPs
: 100 nm Ni NPs
:5 20 nm Tween 80 Milli-Q
3

10 mg/mL
1 mg/mL
10 % FBS-MEM

DLS

3)
« )
(ZnO) NPs

ZnO (Sigma-Aldrich
AlfaAesar)
DLS THP-1
ATP
Interleukin-8 (IL-8) Tumor Necrosis



Factor-o (TNF-a) ELISA Kit
THP-1
CD86, 54 FITC 3
Flow
Cytometory
4) DNA
3D
C )
DNA
ICR
(F€304 NPS)
LC-
QTof-MS DNA
FC304NPS
DNA
3D
GDL1 RAW264 Fe;O4 NPs
24
gpt
5) in vivo in vitro
« )
in vitro
LabCyte EPI Au NPs
24 LDH assay
6)
( )

(F€304NPS FC304NPS—COOH)
A549 24 72
RNA miRNA microarray

7)
C )
A549
DU145 Fe;O4NPs
Fe;O4NPs-COOH 24
72
(AFM) Fe;O4NPs
FC304NPS-COOH
Alamar Blue assay
ROS
CM-H,DCFDA Western
blotting
in vitro
0331013



1)
Au NPs 2 mg/mL
Ag NPs 0.02 mg/mL
Ag NPs
2)
NiO NPs : 100 nm

Ni NPs 1 mg/mL

3)
2 ZnO NPs(Sigma Alfa)
<35 nm, 40 nm
(10 mg/mL)
nm
1 ZnO (Sigma)
ZnO (Alfa) THP-1
CD54
Zn NPs
4) DNA
3D
Fe3O4 NPs
DNA
PCA

FC304 NPs

-dC(edC)

Fe;O, NPs  GDLI
RAW264
FG304 NPs
FC304 NPs

gpt delta

66 nm, 165

FC304 NPs

5) in vivo in vitro
POCA 3D HADA
DS
LabCyte EPI J-TEC
Au NPs LDH assay
5%
6)
1374 miRNA 1
miRNA
118
heat map clustering
tree miRNA
clustering tree 2
NPs miRNA
NPs
NPs miRNA
7)
A549
Fe;O4NPs  Fe;O4NPs-COOH DU145



200 pg/mL
ROS FC304NPS
Fe;04NPs-COOH

AFM
NF«xB
FC304NPS FC3O4NP
s-COOH
D.
1)
Au NPs
Ag NPs
2 mg/mL
2)
NiO NPs
Ni NPs
1 mg/mL
10 mg/mL
3)
2 ZnO NPs
THP-1
A549
ZnO(Sigma)
IL-8 CD54
4) DNA
3D

FC304 NPs

RAW264
FC304 NPs
in vivo
in vitro
5) in vivo
ICP
6)
miRNA
NPs
3
miRNA
4
miRNA
8)
A549
NPs
NPs

in vitro

FC3O4



NPs NFkB axis
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1 Ni NPs 2
2
in vitro in
vivo (gpt delta mouse)-DNA
(A549 GDL1
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Au NPs
in vivo
/
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miRNA
miRNA
NFkB axis
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Takahashi, R. Ishigamori, W. Onuma, K.
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Suppressive effects of the NADPH oxidase
inhibitor apocynin on intestinal
tumorigenesis in obese KK-Ay and Apc
mutant Min mice. Cancer Sci. 2015,
106(11), 1499-1505.
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rescue human lung epithelial cells from the
toxicity of zinc oxide nanoparticles, J.
Toxicol. . , 2015, 40(5), 625-35.

L. Xu, M. Dan, A. Shao, X. Cheng, C.
Zhang, R. A. Yokel, T. Takemura, N.
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rat blood-brain barrier primary triple
coculture model. Int. J. Nanomed., 2015,

10, 6105-19.
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led alterations in tissue stiffness in adva
nced chronic liver fibrogenesis.

J. Biol. Chem, 2016, 291(1), 72-88.

T. Kondo, K. Mori, M. Hachisu, T. Ya
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Gonda, H. Tada, Y. Hamada, M. Takan
0, N. Ohuchi, Y. Ichiyanagi. AC magne
tic susceptibility and heat dissipation by
Mnl-xZnxFe,O4
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5, 117, 17D157.
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ncer progression through the induction of
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(10), 1009-19.

D. Kami, M. Toyoda, M. Watanabe, S.
Gojo. Pleiotropic functions of magnetic
nanoparticles for ex vivo gene transfer a
nd cell transplantation therapy. Chapter
22, 547-555,Nano Based Drug Delivery,
2015, IAPC-OBP.
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A. Miyajima-Tabata, T. Kawakami, K.
Komoriya, R. Kato, S. Niimi, K. Isama.

Effects of zinc oxide nanomaterials on the
cellular responses in THP-1 cells, 55nd
Annual Meeting of the Society of
Toxicology, New Orleans, USA, March,
2016
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2015

(5) Y. Totsuka, Y. Lin, M. Kato, Y. Totoki, T.
Shibata, Y. Matsushima, H. Nakagama.
Exploration of cancer etiology using
comprehensive DNA adduct analysis
(DNA adductome analysis),

2015 10
(6) : DNA
. 44
2015 12
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44
2015 12

(8) M. Watanabe. Application of nanoparticles
in prostate cancer theranostics (Invited
Lecture). International symposium on
innovation in animal sciences for food
security, heath security and livelihood-
2015, Oct.29-31, 2015, Lucknow, India.

(9) M. Watanabe, N. Furuta, S. Hashimmoto,
K. Kojima, Y. Endo, T. Nittami, R. C. Sobti.
Nanomedicine for prostate cancer therapy.
Global Cancer Summit-2015, Nov.18-20,
2015, Bengaluru, India.
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(11) N. Furuta, S. Hashimoto, J. Seo, K. Kojima,
S. Yamaguchi, T. Nittami, M. Watanabe.
Magnetic nanoparticles affect expression
of cancer stem cell-related surface antigens
in malignant cells.
2015 10
(12) K. Kojima, S. Hashimoto, S. Yamaguchi, N.
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Furuta, Y. Endo, T. Nittami, K. Kawai, H.
Kasai, H.
Watanabe.

Ishiguro, H. Uemura, M.
Combined effect of
carboxylated magnetic nanoparticles and
docetaxel on prostate cancer cells (II).
2015
10

S. Hashimoto, S. Yamaguchi, K. Kojima, N.

Furuta, T. Nittami, K. Kawai, H. Kasai, M.
Watanabe. Cellular effects of magnetic
nanoparticles as determined by cell type
and surface coating.

2015 10
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invitro

DU145 Fes0O4 NPs  Fes0O4 NPs-COOH 24
72 (AFM) FesO, NPs  FesO
2 NPs-COOH Alamar Blue assay
ROS CM-H,DCFDA Western blotting
FesO4 NPs  Fe;0O, NPs-COOH
DU145 200 pg/mL
ROS Fes04 NPs Fe;O,NPs-COOH
AFM Fe;0, NPs-COOH
NF«B
FesO4 NPs Fe;0, NPs-COOH
A
A549
in vitro
in A549
vitro
DU145
Fe;ONPs Fe;O,NPs-COOH
24 72
(AFM)

11

(Fe;0, NP9)



(Fes04

NPs-COOH)
Alamar Blue assay
ROS
CM-H,DCFDA Western
blotting
B
D
DU145
ATCC (American Type Culture Collection)
DU145 RPMI 1640
(10 %FBS 1 % penicillin &
streptomycin ) 37 CO2
5%
2) (Fes04 NPs
Fe;0,NPs-COOH)
10 nm
Fes04( )
Fe;0,
y -Fe0s
(Fes04 NPs)
(F&O,; NPs-COOH) Institute for
Integrated Cell-Material Sciences (iCeMS).
1 ug/ml 10
pg/ml 100 pg/ml
(Ultrasonic homogenizer VP-050
TAITEC ) Fe;04
NPs
Fe;04 NPs
Fe;04 NPs
(Fiber-Optics Particle
Analyzer FPAR-1000 )

Cell viability
Alamar Blue (Alamar
Bioscience Sacrament California  USA)
1.0x10* cells/well
24 well
Fe;O4 NPs
PBS Fe;0,
NPs
10 Alamar Blue
500 pl/well 37 5 %CO,
3
NPs

Alamar Blue 450 pl/well
24 well plate
(Viento XS DS Pharma
Biomedical Co. Ltd) 570 nm 600
nm
4) Reactive Oxygen Species
ROS
5- (and 6)
dichlorodihydrofluorescein diacetate
ester CM-H,DCFDA (Invitrogen )
(ROS) 6
1.0x10° cells/well
PBS 8.54 ml

10 pM

-chloromethyl-2' 7-
acetyl

well plate

CM-H,DCFDA
6 well plate
well PBS Iml 10 uM
200 pl 30

Imaging
Soft (Photoshop Elements 8 ;Adobe )
(Pixel )
AFM

DU145 NPs

1 mg/ml (0.1%)

120 10 35 mm dish



3ml
60
uv
AFM

24

AFM
SPI3800N (NanoNavi II Station)
SII ;
SPA-400 SII

7) NF-k B
2.0x10° cells/well(24 )
0.8x10° cells/well(72 )
6 well plate
Fe;O,4 NPs Fe;O, NPs-COOH
PBS NPs

Trypsin/EDTA 250 pl

1000 rpm 5
PBS
15000xg 3

RIPA buffer 30 ul/sample
phosphatase inhibitor

protease inhibitor,

0.3 ul/sample

Mix 30 ul
4
15000%g 30
WB sample
Sample Brad ford
10pl,
10 pg sample  PBS
2xSDS sample buffer(10%
) 20 ul
95 ,5

E SDS-PAGE(Sodium Dodecyl
Sulfate Poly-Acrylamide Gel lectrophoresis)

PVDF membrane

membrane BSA )

1

TBS-T buffer(2

Signal Booster

(abcam)
1000

B -actin
5000 NF-k B
membrane 4
TBS-T buffer = membrane
10 3

HRP
10000

Signal Booster
membrane 1
TBS-T buffer
membrane 10

3

membrane 5

Sample
Image J
docetaxel DTX
NF-k B

positive control

in vitro

0331013
C

DU145 1

Fe;O4NPs Fe;04 NPs-COOH



200 pg/ml
(p<0.05) Fe;04NPs
Fe;04 NPs-COOH
ROS
DU145 ROS
2 ROS
Control 1.00 [ ]
Fe;O4 NPs 100 pg/ml
ROS
(p<0.05) Fe;04 NPs-COOH
3)DU145 NPs
3 NPs DU145
AFM 4 5
Fe;Os NPs  Fe;O4 NPs-COOH
DU145
Fe;04 NPs
Fe;04 NPs-COOH
NPs
NF-k B
Control 1.00[-] DTX1nM 1.89
[-] Fe;04NPs-COOH 100 pg/ml 1.65

[(] DTX InM  Fe;04NPs-COOH 100 pg/ml
1.29[-] Fe;04NPs 100 pug/ml
0.86[-] DTX InM  Fe;04NPs 100 pg/ml
0.80 [-] 6
D.

ROS

14

NF«B
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erations in tissue stiffness in advanced c
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117, 17D157.
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ra. Adipocyte-derived monocyte chemot
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e cancer progression through the inductio
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0), 1009-19.

(4) D. Kami, M. Toyoda, M. Watanabe, S.
Gojo. Pleiotropic functions of magnetic
nanoparticles for ex vivo gene transfer a
nd cell transplantation therapy. Chapter
22, 547-555,Nano Based Drug Delivery,
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M. Watanabe. Application of nanoparticles
in prostate cancer theranostics (Invited
Lecture). International symposium on
innovation in animal sciences for food
security, heath security and livelihood-
2015, Oct.29-31, 2015, Lucknow, India.

M. Watanabe, N. Furuta, S. Hashimmoto,
K. Kojima, Y. Endo, T. Nittami, R. C. Sobti.
Nanomedicine for prostate cancer therapy.
Global Cancer Summit-2015, Nov.18-20,

2015, Bengaluru, India.
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in malignant cells.
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Furuta, Y. Endo, T. Nittami, K. Kawai, H.
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*p=0.05

HEe 0 NE-CO0H
HEC0NEs

TR &

Cell viability [%]

&
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1. Fe04,NPY Fe;0, NPss=COOH DuU145

¥ p<0.05

— Fe304 NPs-COOH *
— Fe304 NPs

Quantification of ROS ratio of each
sample to controel [-]

control 1 pgiml 10 pg/ml 100 pg/ml 200 pg/ml

2. Fe0,NPY Fes04 NPs-COOH DU145 ROS
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in vitro

invitro
27 3 1
10 20 nm
10 nm 100 200 nm
+8.6 mV 40 nm
10 nm 153 mV
2 mg/mL
0.02 mg/mL
2 mg/mL
A. TEM, H-800, Hitachi
DelsaMax ASSIST, Beckman
Coulter
DelsaMaxPro, Beckman Coulter
V-570, JASCO
2 mg/mL
B 1M 10 uL 5 mL
1.1 g CTAB 4 mL
0.91 mg 1
. . . mL
Hexadecyltrimethylammonium  bromide
CTAB Sigma-Aldrich D : CTAB
Gold
CTAB NaBr

chloride hydrate Sigma-Aldrich
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0.7 mM

100 mL 0.1 M 100
pL
NaBH,4 53 M 100 pL
1
25 mM 50
mM 50 mM
50 mM CTAB
SmL
CTAB
50 5
CTAB
C.
1)
2 mg/mL
la
10 20 nm 1b
8.6 mV
TEM
10 nm 100
nm
2a
2b
2)
1
0.02 mg/mL
3
2 mg/mL

20

2
10 nm 4
D.
2 mg/mL
0.02 mg/mL
NaBH,
2 mg/mL
CTAB
2
mg/mL
CTAB
CTAB
CTAB
E
1.

(1) K. Hayashi, W. Sakamoto, T. Yogo, Smart
Ferrofluid with Quick Gel Transformation
in  Tumors for MRI-Guided Local
Magnetic  Thermochemotherapy,  Adv.
Funct. Mater. DOI:
10.1002/adfm.201504215 (Back Cover

)

1.

2.

3.



Au NPs
(2 mg/mL) o
1. (a) 2 mg/mL , (b) TEM
a 60 - b 4
o 50 1
3,40 - 8
% 30 1 é 05 -
F 20 - ;
* 10 <
0 4
1 10 100 1000 10000 0 +—F——F—"————
Diameter / nm 300 500 700
Wavelength / nm
2.(a) , (b)
Ag NPs Ag NPs
(0.02 mg/mL) (0.2 mg/mL)
Wi 4
" N
3. 1 0.02 mg/mL, 0.2 mg/mL

4, 2 TEM
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invitro

DNA
3D
DNA (DNA
in vivo (MGT)
DNA
invitro
gpt delta (GDL1 )
(RAW264.7) MGT MGT
GDL1
in vitro Ames
DNA
in vitro
in vitro invitro
LC-MS/MS
DNA DNA
DNA
invitro (MGT, 0.05% Tween20 )
ICR ( 7 )
0.05% Tween20
24
invitro DNasel

22

P1



LC-QTof-MS  DNA
MGT
DNA
3D
GDL1 24
ThinCertTM (pore size; 0.4 um high density: greiner
bio-one) well
RAW264 24 MGT
GDL1
DNA
MGT 24
DNA HPLC-QTof-MS
DNA vehicle
MGT DNA
1 PCA
MGT
2
m/z DNA
-dC(edC) (
1
GDL1 RAW264 MGT GDL1
RAW264 24 g
pt
MGT RAW264 GDL1 RAW264
MGT GDL1
( 3 MGT
MGT
MGT gpt d
elta
¢ 3
MGT DNA
DNA
MGT

23

in vitro

GDL1
RAW264
MGT
RAW264
MGT
in vivo
In vitro
MGT DNA
MGT group Vehicle group
1000 > 1000
900 Ry "o 900 Ry >o
800 ° ) o0 { © ° -
700 >®-"Q/A14 7001 o L: »
600 o o 600 ..
E 500 é E s00 °

400 . 400 N
300 <£\ ‘b A10 A37 o' 300 N o o, <

»o o)
200 200 o
100 100

0 0
0 10 20 30 a0 50 60 o 10 20 30 40 50 60

Retention time (min) Retention time (min)

523..,..,..'“
o 3o - MaTa1
50 ° \‘I;T:ue MGT.n3
2 ° MGTn4
g 3 _@ vaTas
2] Veicl
Veicl
1 venic
s | e Veic
5 2 ¥ 2 ¢ ¥ 2
o5 00 0s 2 < =
‘‘‘‘‘‘‘‘ ing variable
MGT
M/Z [M+H] | Comparing with Derivation
DNA adduct
database [M+H]
580.79 Unknown
363.17 BedA [363.1816 Lipid peroxidation (4-OHE),
(+NH,)] inflammation-related adduct
A5 252.11 £dC [252.0984] Lipid peroxidation (4-
hydroperoxy-2-nonenal),
inflammation-related adduct
Induce C to T transition
A9 243.12 dT [243.0981], N3- 5-mdC deamination (dT),
MedC [243.1213]  Alkylating agent (MNU)
A10 355.23 Unknown adduct DNA oxidation
in model reaction
[355.23]
A14 652.37 Unknown
A37 356.24 Unknown adduct DNA oxidation
in model reaction
[356.24]
MGT



In vivo mimic system of lung tissue

Nanomaterials —> GDL1 —> Mutation assay
© Nanomaterials
0% 0000 oo o
......... 'm} O RAW?264 ) )
Liquid factor | olo| | oo RAW264.7 : murine macrophage-like cell
OO OGbLL GDL1 : fibroblast established from gpt
delta mice lung tissue
(gifted from Chugai Pharmaceutical Co., Ltd )
6.0
*
_50
S 40 ) '
%30
2200
<10
o
RAW264.7 200 200
GDLI 200 - 200
- N MGT Others
100% — — — Insertion
B o o Deletion
AT->CG6
-7;7_7 WAT>TA
B m— B 6:C->C6
Hec>TA
. WAT>6C
-_-_-__ i Wec>AT
RAW264.7 200 200 "MV
————(mice lung)
GDL1 200 - 200  Totsuka,Y.et
—_————— Al 2014)
MGT DNA
DNA
MGT
in vitro
GDL1 RAW2
64 MGT
RAW264
MGT
In vivo
in vitro

24

—

K. Ishino, T. Kato, M. Kato, T. Shibata, M.
Watanabe, K. Wakabayashi, H. Nakagama, Y.
Totsuka. Comprehensive DNA adduct analysis
reveals pulmonary inflammatory response
contributes to genotoxic action of magnetite
nanoparticles. Int. J. Mol. Sci.,, 2015, 16(2),
3474-92.

M. Komiya, G. Fujii, S. Miyamoto, M. Takahashi,
R. Ishigamori, W. Onuma, K. Ishino, Y. Totsuka,
K. Fujimoto, M. Mutoh. Suppressive effects of
the NADPH oxidase inhibitor apocynin on
intestinal tumorigenesis in obese KK-Ay and Apc
mutant Min mice. Cancer Sci., 2015, 106(11),
1499-1505.

DNA

4 .2015 7
Yukari Totsuka, Yingsong Lin, Mamoru Kato,
Yasushi Totoki, Tatsuhiro Shibata, Yoshitaka
Matsushima, Hitoshi Nakagama Exploration of
cancer etiology using comprehensive DNA
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in vitro

In vivo invitro
in vitro
POCA 3D HADA LabCyte EPI LabCyte EPI
60 pg/mL 300
uM 5%
in vitro
B.
1
3R
2) LabCyte EPI
L 4-10 nm
in vitro
2 mg/mL 0, 2, 10, 30, 60 pug/mL 0, 50,
o 150, 300 pM 24
in vitro
LDH
in vitro
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1)
POCA 3D HADA
Muse
LabCyte EPI J-TEC
2) LDH
5%
D.

DS
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in vivo



invitro

2 ZnoO
invitro
THP-1 CD%4
CD86
ZnO(sigma) ZnO(afa) ZnO(sigma) ZnO
CD%4 (RF1')  ZnO(sigma)
IL-8 IL-1p TNF
ZnO(Sigma) Zn0O THP-1
SSC
ZnO(sigma)
NiO
A.
27 2 ZnO
invitro
THP-1
invitro ATP
CD54, CD86
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B.
1)
ZnO (Sigma-
NanoTeK, Alfa Aesar)
ZnO(sigma) ZnO(alfa)

Aldrich

ELSZ-2NPA)

CdSOy (Cadmium sulfate hydrate (3/8)
(Sigma-Aldrich)
2.,4-
(DNCB) (Sigma-Aldrich)

2)

THP-1
(ATCC) 10% heat-inactivated fetal bovine
serum FBS  penicillin-
streptomycin  PS  0.055 mM 2-

Mercaptoetahnol RPMI 1640 (GIBCO)
37°C 5% CO,
3-4
1x10° 8 x 10 cells/mL
2 2
3) ATP
THP-1 96-well
2x 10%cells/well 24
4,24 48
30 50
uL  CellTiter-Glo® Luminescent Cell
Viability Assay ATP , Promega
45 90

28

4) THP-1
THP-1
Human Cell Line Activation Test (h-CLAT )

24 48
FACS buffer 0.1% BSA
PBS 2 600 uL  0.01%
Y PBS 4°C
15 FcR
120 pL FACS buffer

3 FITC
anti-human CD54 (clone: 6.5BS,
DAKO) 3/5 anti-human CD86 (clone:
Fun-1, BD PharMingen) 3/5
mouse [gG1
(clone: DAK-GO1, DAKO) 3/10
4°C 30
FACS buffer 2
FACS buffer 2.5
Propidium Iodide (PI, Life
Technologies) 5
FACS Calibur Cell Quest,

200 pL.
400 pL
pg/mL

Becton Dickinson
PI 10,000
PI
CD54 CD86

Relative fluorescence intensity (RFI)

RFI (%) = (MFI of chemical treated cells —
MFI of chemical treated isotype control cells) /
(MFT of vehicle control cells — MFI of vehicle
control isotype control cells) x100

MFI= Geometric Mean fluorescence

intensity

5)



-800
Interleukin-8 (IL-8) , IL-1p, IL-6, IL-10,
Tumor Necrosis Factor (TNF), IL-12p70
BD™ Cytometoric Bead Array (CBA)

human inflammation kit (Becton Dickinson)

6) FSC-SSC
ZnO
Zn0O
THP-1
forward scattered (FSC)
side scattered light
(SSC)
10,000
C.
1) ZnO THP-1
2 Zn0O
THP-1
ZnO
A549 THP-1
1 ZnO
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2
alfa)

<35 nm, 40 nm

Zn0O (sigma
(10 mg/mL)
66 nm, 165 nm
-7.5 mV
(0.2 mg/mL)
ZnO(alfa)

44.9 mV,

ZnO(sigma)

2 ZnO THP-1

THP-1

ATP
THP-1 A549

ZnO(sigma) ZnO(alfa)

2) THP-1 ZnO
THP-1
Human Cell Line Activation Test (h-CLAT )
3 ZnO
THP-1
PI
Zn0O 24 ZnO (alfa)
ZnO(sigma) 50pg/mL
48
viability
ZnO(alfa)
4,5 ZnO
THP-1

Zn0O 50ug/mL
ZnO(sigma) 26
59%

ZnO CD54
ZnO(Sigma)
ZnO(sigma)

RFI

(RFD)
50pg/mL 24
1270 48

ZnO(alfa) RFI



750 CD86
Zn0O

3) THP-1 ZnO

Zn0O THP-1

CBA Human inflammation kit

6
IL-8 IL-1p TNF
ZnO(Sigma)
( 6) IL-6,IL-10
IL-12p70  ZnO 50pg/mL
4) ZnO
ZnO
THP-1
(FSC) (SSC)
ZnO 48
10,000 7
FSC
SSC
90°
FSC ZnO
SSC ZnO
ZnO(sigma)
ZnO(alfa) ZnO(sigma)
SSC
D

THP-1
h-CLAT
CD54 CD86
invitro
2
ZnO
THP-1
A549 ZnO
ZnO(Sigma)
CD54
ZnO
ZnO(Sigma) ZnO(alfa)
ZnO IL-8 IL-1p TNF
ZnO
(Sigma) ZnO THP-1
FSC-SSC
FSC
SSC
ZnO(sigma) ZnO(alfa)
ZnO(sigma) SSC
ZnO

ZnO(sigma) ZnO(alfa)
ZnO

NiO



E
2 ZnO
THP-1
CD54
CD86
THP-1 A549
ZnO(sigma) ZnO(alfa)
ZnO CD54
RFI  ZnO(sigma)
ZnO THP-1
IL-8 IL-1p TNF
ZnO(sigma)
ZnO THP-1
SSC
F
1 ZnO
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3) A. Miyajima-Tabata, T. Kawakami, K.
Komoriya, R. Kato, S. Niimi, K. Isama.
Effects of zinc oxide nanomaterials on the
cellular responses in THP-1 cells, The 55th
Annual Meeting of the Society of
Toxicology, New Orleans, USA, March,
2016.
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24 h
100"

80"

for}
Q
:

40" A

Viability (%)

20" 1

0"
control" 6.25" 125" 25" 50" 6.25" 12.5" 25" 50" (ug/mL)
ZnO (sigma) ZnO (alfa)

48 h
100"

80" -

60"

40"

Viability (%)

20"

0"
control" 6.25" 125" 25" 50" 6.25" 12.5" 25" 50" (ug/mL)
ZnO (sigma) ZnO (alfa)

3 ZnO(sigma) ZnO(alfa) THP-1 P1)
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24 h
1500"

1250"

1000"

750"

500"

CD54RFI (%)

250"

OII_I
control" 6.25" 12.5" 25" 50" 6.25" 125" 25" 50" (ug/mL)
ZnO (sigma) ZnO (alfa)

48 h

1500"

1250"

1000"

750"

500"

CD54 RFI (%)

250"

Oll_‘
control” 6.25" 12.5" 25" 50" 6.25" 125" 25" 50" (ug/mL)
ZnO (sigma) ZnO (alfa)

4 ZnO(sigma) ZnO(alfa) THP-1 CD54
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&
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o
3
a 500
(@)
250"
o" 1‘.—v—v—-—v—-—v—i—v—.—v—v—.—v— i
control" 6.25" 12.5" 25" 50" 6.25" 125" 25" 50" (Mg/mL)
ZnO (sigma) ZnO (alfa)
48 h
1500"
1250"
—~ 1000"
&
L 750"
1
3
a 500
@)
250"
o" T—I—V—V_Li—v—i .
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ZnO (sigma) ZnO (alfa)
5 ZnO(sigma) ZnO(alfa) THP-1 CD86
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control" 6.25" 12.5" 25" 50" 6.25" 125" 25" 50" (5/mL)
ZnO (sigma) ZnO (alfa)
mm24h
HE 48h
control" 6.25" 12.5" 25" 50" 6.25" 12.5" 25" 50" (Hg/mL)
ZnO (sigma) ZnO (alfa)
ZnO(alfa) THP-1

6 ZnO(sigma)
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SSC-H

ZnO (sigma)

800

600 4

400

ntrol
Contro 12.5 ug/ml 25 pg/ml
1K 1K 1K
800 800 800 4
T 600+ T 600 T 600 4
1oy o o)
3 2 8
400 4004 400
200 2004 200 4
0 0 X 0]
200 400 600 800 1K 0 200 400 600 800 1K 0 200 400 600 800 1K 0 200 400 600 800 1K
FSC-H:: FSC-Height FSC-H: FSC-Height FSC-H:: FSC-Height FSC-H: FSC-Height
ZnO (alfa)
12.5 pg/ml 25 pg/ml 50 pg/ml
1K 1K1 1K e
800 800 800 4
- 600 - 600 - 600
& & o
8 73 2
400 400 400 4
2004 2004 2004
0 ] 0
0 200 400 6 0 1K 0 200 0 1K 0 200 0 1K

00 80
FSC-H: FSC-Height

48 h

400 600 80
FSC-H: FSC-Height

THP-1
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invitro

38

Agilent

/ A549
miRNA
miRNA 72
miRNA
miRNA
A. B
in vitro /
(Fe&sO/NPs  FesO4/NPs-COOH)  A549
24 72 RNA
Agilent G4870A SurePrint
G3 Human v16 miRNA 8x60K Microarray
Kit miRNA
G2600D SureScan Microarray Scanner
Agilent Feature Extraction
v11.5
C-24h NPs 24
microRNA NM100-24h (non-modified)
(miRNA) NPs 100 pg/ml 24
NM200-24h (non-modified)
miRNA NPs 200 pg/ml 24
miRNA
M100-24h (modified) NPs 100
pg/ml 24
M200-24h (modified) NPs



200 pg/ml

C-72h NPs 72
NM200-72h (non-modified)
NPs 200 pg/ml 72
M200-72h (modified) NPs
200 pg/ml 72
C.
miRNA
miRNA
0
1374 miRNA 1
miRNA
118
heat map clustering
tree ( la, b) miRNA
clustering tree 2
C-24h
NM100-24h NM200-24h M100-24h
M200-24h NM200-
72h  C-72h  M200-72h (
1b) NPs
24
NPs
72
118 miRNA
NPs
24
C-24h

NM100-24h  NM200-24h  M100-
24h  M200-24h
24

39

NPs

miRNA

NM100-24h  NM200-24h  M100-
24h  M200-24h

NM100-24h
M100-24

NPs

72
C-72h
NM200-72h
72

miRNA

NM200-24h
h  M200-24h

miRNA

M200-72h

miRNA

NPs
NPs

NPs
miRNA
NPs

NPs
NPs

miRNA

(cluster-1, 2, 3, and 4)

(  la) Cluster-1

has-miR-

1274 v16.0, has-miR-4286, has-miR-1260b,

has-miR-1260a cluster
miRNA M200-72h
NM200-72h
( 2, 1) has-miR-
1260b Cluster-2
has-miR-765 has-miR-622
( 2, 2) miRNA
24 72
NM200-72h C-72h M200-
72h
Cluster-3 has-miR-513a-5p, has-miR-1181
has-miR-3141 ( 2,
3) miRNA 24
72



NM200-72h
C-72h M200-72h
cluster-2
miRNA
cluster-2 miRNA  C-24h

cluster-3 miRNA C-24h

NPs 24
(NM100-24h, NM200-24h, M100-24h, M200-
24h) miRNA
C-24h
Cluster-4 12 miRNA

6 let-7 family =~ miRNA
( 2, 4) cluster
miRNA 24
C-72h
NM200-72h M200-72h
C-72h
D.
miRNA 72
mMiRNA
miRNA
miRNA
F
1.

(1) N. Hanagata, H. Morita. Calcium lons
Rescue Human Lung Epithelial Cells from the

40

Toxicity of Zinc Oxide Nanoparticles, J. Toxicol.
i, 2015, 40(5), 625-35.

(2) L. Xu, M. Dan, A. Shao, X. Cheng, C. Zhang,
R. A. Yokel, T. Takemura, N. Hanagata, M.
Niwa, D. Watanabe. Silver nanoparticles induce
tight junction disruption and astrocyte
neurotoxicity in a rat blood—brain barrier

primary triple coculture model, Int. J. Nanomed.,
2015, 10, 6105-19.

2.
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NM100-24h
NM200-24h
M100-24h
M200-24h
NM200-72h
c-72h
M200-72h

C-24h

hsa-miR-1274b_v16.0
hsa-miR-4286
hsa-miR-1260b
hsa-miR-1260a

hsa-miR-765
Cluster-2 hsa-miR-622
hsa-miR-513a-5p
hsa-miR-1181
hsa-miR-3141

Cluster-3

hsa-miR-23a-3p
hsa-let-7f-5p
hsa-let-7e-5p

-~ I hsa-miR-23b-3p
hsa-let-7i-5p
hsa-let-7a-5p
hsa-miR-93-5p
hsa-miR-92a-3p
hsa-miR-125a-5p
hsa-miR-15b-5p
hsa-let-7b-5p
hsa-let-7c-5p

Cluster-4

2 mMiRNA
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1 Cluster-1

mMiRNA

Normalized signal intensity (linear scale)

Systematic C-24h NM100 NM200 M100 NM200 M200
Name -24h -24h -72h -72h
hsa-miR-

ND ND ND ND 3.3 3.7
1274b_v16.0
hsa-miR-

ND ND ND ND 3.9 4.0
4286
hsa-miR-

31.3 24.9 33.2 31.7 57.1 51.8
1260b
hsa-miR-

17.1 11.7 13.6 13.7 21.2 20.3
1260a
ND, not detected

2 Cluster-2 MiRNA
Normalized signal intensity (linear scale)
Systematic C- NM100 NM200 M100 M200 C- NM200 M200
Name 24h -24h -24h 72h -72h -72h
hsa-miR-765 1.8 ND ND 4.2 2.6 4.7
hsa-miR-622 ND ND ND 2.1 1.4 2.1
ND, not detected
3 Cluster-3 MiRNA
Normalized signal intensity (linear scale)

Systematic C- NM100 NM200 M100 M200 C- NM200 M200
Name 24h -24h -24h 72h -72h -72h
hsa-miR-

16.7 12.1 14.6 20.7 18.9 26.9
513a-5p
hsa-miR-

4.7 ND ND 6.3 51 9.7
1181
hsa-miR-

3.5 ND ND 6.8 4.2 7.3

3141
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4 Cluster-4

mMiRNA

Normalized signal intensity (linear scale)

Systematic C-24h NM100- NM200- M100- M200- NM200- M200-
Name 24h 24h 24h 24h 72h 72h
hsa-miR-23a-
3 16.7 11.6 11.8 11.7 11.1 8.0 13.5 12.9
p
hsa-let-7f-5p 11.2 7.8 8.1 8.9 8.3 4.4 9.8 8.2
hsa-let-7e-5p 13.9 11.1 11.7 10.2 9.4 5.9 9.9 11.0
hsa-miR-23b-
3 18.8 12.7 13.7 12.7 11.9 5.8 13.2 13.1
p
hsa-let-7i-5p 10.2 8.8 8.7 8.2 7.0 4.6 8.8 7.5
hsa-let-7a-5p 21.8 17.2 16.5 17.1 14.5 10.0 17.1 15.2
hsa-miR-93-

4.4 3.0 4.1 2.7 2.6 ND 2.7 3.4
Sp
hsa-miR-92a-
3 21.2 16.9 19.4 14.4 13.2 8.2 12.5 16.7
p
hsa-miR-

4.6 4.1 4.1 3.5 2.7 ND 2.8 3.8
125a-5p
hsa-miR-15b-
5 10.7 8.6 9.9 7.5 6.9 2.4 7.3 7.2
p
hsa-let-7b-5p 28.0 21.9 21.0 21.8 19.9 10.4 16.0 19.5
hsa-let-7c-5p 12.9 9.2 9.6 9.5 9.5 3.7 54 6.6

ND, not detected

44



invitro

NiO
NiO
3 [NiO-Sigma . <50
nm  NiO-Alfa : 100 nm Ni-Alfa : 5-20 nm
NiO ]
Q
10 mg/mL NiO-Sigma NiO-Alfa Ni-Alfa
1 mg/mL NiO-Sigma Ni-Alfa
3 ¢ 05
mm 0.1 mm 0.05 mm
¢ 0.05 mm
NiO-Sigma Ni-Alfa 10%FBS-MEM
0.2 mg/mL
NiO
100 nm
1
2,3)
in vivo
in vitro
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4)

5)

in vitro
6)

European Commission
Joint Research Centre

Zn0 S O, Ti 0O,

6)
in vitro
Yuan
SO,

8 in vivo

TiO;

9)
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5)

10)

NiO

A549

NiO

8)

NiO
A549

NiO

Sigma-Aldrich
NiO-Sigma

NiO

Alfa Aesar
NiO

NiO-Alfa Ni-Alfa

1 Ni-Alfa



05 1.0 nm

NiO
NiO-Sigma <50
nm NiO-Alfa 100 nm Ni-Alfa
5-20 nm
B.2
NP-100
0.5
0.1 0.05 mm
10 mg
Tween80 0.1% wliv
Milli-Q 25 mL
25 ¢
MILL/MIX 2000 rpm
2
Milli-Q 75 mL MILL/MIX
400 rpm 1
1 mg/mL
10%
Fetal bovine serum: FBS
GIBCO  Minimum Essential Medium
MEM
ELSZ-2
Dynamic Light Scattering:
DLS Zeta
Cumulant
Marquardt
3 Zeta

47

4
B.3
NiO-
Sigma NiO-Alfa
Ni-Alfa
X XPS
ESCA-
3200
C.
(O
3
XPS 1
Ni-Alfa
C.2
NiO-Sigma
NiO-Alfa Ni-Alfa
10 mg/mL
Ni-Alfa 1 mg/mL
NiO-
Alfa 0.1 mg/mL
¢ 0.5 mm
NiO-
Sigma Ni-Alfa 1 mg/mL



NiO-Sigma

Sigma

C3

NiO-Sigma
mg/mL
mg/mL

10%FBS-MEM

Ni-Alfa

NiO-
Ni-Alfa

NiO-Sigma
10 mg/mL

1 mg/mL

1 mg/mL

10%FBS-MEM

Ni-Alfa 1
10%FBS-MEM 0.2

48

NiO-Sigma Ni-Alfa
Ni-Alfa @01l mm @05
mm
10%FBS-MEM
37
1 4
NiO-Sigma
¢ 0.05 mm
NiO-
Alfa
NiO-Sigma
Ni-Alfa
@01 mm ¢ 05 mm
¢ 0.05 mm
NiO-Sigma Ni-Alfa
10%FBS-MEM
5
C4 Zeta
NiO-Sigma Ni-Alfa
10%FBS-MEM
Zeta 1 5
Zeta 194 248 mV
10%FBS-MEM



11)

D.
NiO
NiO
3 NiO
NiO-Sigma NiO-Alfa
Ni-Alfa
NiO
E.
0.05 mm
F.

1) Whatmore R.W.: Nanotechnology - what is
it ? Should we be worried? Occup. Med., 56,
295-299, 2006

2) Ema M., Kobayashi N., Naya M., Hanai S.,

Nakanishi J.: Reproductive and
developmental toxicity studies  of
manufactured nanomaterials, Reprod.

Toxicol., 30, 343-352, 2010

3) Schmidt C.W.: Nanotechnology-related
environment, heath, and safety research:
examining the national strategy, Environ.
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Health Perspect., 117, A158-A161, 2009

4) Dhawan A., Sharma V.: Toxicity assessment
of nanomaterials: methods and challenges,
And. Bioanal. Chem., 398, 589-605, 2010

5) Boverhof D.R., David R.N.: Nanomaterial
characterization: considerations and needs
for hazard assessment and safety evauation,
Anal. Bioanal. Chem., 396, 953-961, 2010

6)

, http://www.mhlw.go.jp/

houdou/2009/03/dI/h0331-17c.pdf, 2009

7) European Commission: JRC SCIENCE
AND POLICY REPORTS “Interlaboratory
comparison study of the colony forming
efficiency assay for assessing cytotoxicity of
nanomaterials”, 2014

8) Yuan H., Gao F., Zhang Z., Miao Lede, Yu
R., Zhao H., Lan M.: Study on controllable
preparation of silica nanoparticles with
multi-sizes and  their  size-dependent
cytotoxicity in pheochrocytoma cells and
human embryonic kidney cells, J. Health
Sci., 56, 632-640, 2010

9) Kobayashi N., Naya M., Endoh S., Maru J.,
Yamamoto K., Nakanishi J.: Comparative
pulmonary toxicity study of nano-TiO2

different and

particles of sizes

agglomerations in rats: Different short- and
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Toxicology, 264, 110-118, 2009
10)
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J.: Ultrafine NiO
cytotoxicity in vitro by cellular uptake and
subsequent Ni(Il) release, Chem. Res.
Toxicol., 22, 1415-1426, 2009
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2 a

nm
NiO-Sigma Sigma-Aldrich <50
NiO-Alfa Alfa Aesar 100
Ni-Alfa Alfa Aesar 5-20

é (APS

2. Zeta °

nm) Zeta mV
b 10%FBS-MEM 10%FBS-MEM

(1 mg/mL) (0.2 mg/mL) (1 mg/mL) (0.2 mg/mL)
1499 + 32 2491 =91 198 = 0.1 -117 06

lday — 2292 = 19.6 — —

) ) 216.7 &= 8.7 266.1 = 45 248 =04 -10.7 = 0.2
NiO-Sigma  ¢p0.1 mm

lday — 3237 +£133 — —
3292 58 4056 =+ 220 194 =05 -97 07
(¢p0.5 mm
lday — 4243 = 57.7 — —
1924 64 2469 =220 228 = 0.6 -84 04
(¢p0.05 mm

1day — 176.7 == 2.2 — —

2800 =47 3612 x= 335 236 =07 -138 =04
Ni-Alfa @0.1 mm

lday — 262.3 = 155 — —
357.7 =172 4362 =894 221 =14 -108 =02
(¢p0.5 mm
lday — 3138 + 16.7 — —
% 1day: 37
b
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20
Ni-Alfa NiO-Sigma
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—0.05 mm 15 1
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1l [=—05mm °
10 ~
5 4
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1 10 100 1000 10000 1 10 100 1000 10000
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60
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