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(1) T AN FEM A (il #f F DS Afiber carcinogenesis)
e EMhEE frustrated phagocytosis
- fiifRiE AH=XL? HEREIUBWLEEDNS
s }BUEHHRTE T=ZELY (WHO: threshold is not known to exist)
« FARACDEEHNWICILEELE MERFEINA-RERE)
(2)FARZ AL xEsicALsRELU M A
o MHERNEZR (BT, B, UDAGRGE) IZHESINDS
K A REH = 22~400 £
* 3~10nm DR FTHS

(B)idE 72— L (18RS

* reticuloendothelial system
** thanks to Dr. Hakan Wallin for the size info
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Tumors of the Serosal Membranes

Figure 4-4

MALIGNANT MESOTHELIOMA

The tumor almost completely encases the lung and
extends along the major fissure. Tumor also grows into the
lung along the interlobular septa, surrounding small vessels
and airways (arrows).

localized rather than diffuse disease should
make one hesitate before diagnosing a diffuse
malignant mesothelioma, although sometimes

Figure 4- : : iz : :

gre 43 diffuse microscopic disease is present that is not

. MALIGNANT MESOTHELIOMA apparent grossly. Similarly, the presence of dis-

Malignant pleural mesothelioma appears as multiple ease thought to be benign on gross examina-
e 4. my Fascicle 15, Ard Sories.: 2 N q § e

small tumor nodules. (Fig. 4-7 from Fasticle 13, 3rd Series} ~ 4o jndicates a need for caution, although very
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Figure 3
Mesothelioma observed and ﬁttedlprojected deaths among males aged 20-89,
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Relation of Particle Dimension to Carcinogenicity in Amphibole mercial crocidolite, Samples crocid 6, 7, §, 11, 12, and
13 were all prepared in our laboratory by various

- - iy . . .
Asbestoses and Other Fibrous Minerals 2 milling, sedimentation, and Hotation methods from 4

crocid 5. Differences in dimension were the result of

E. Stanton. > * Maxwell Layard. 56 An 7 3.8 3,4 South African crocidolite and separated by centrifugs.
Mearl S on, e yard, . Andrew Tegeris, 7 Eliza Miller, Margaret May, tion to obtain mutually exclusive size ranges from f}?e
Elizabeth Morgan, and Alroy Smith : same sample (24). The remaining sample, crocid 2, was

TABLE 1—Summary of 72 experiments with different fibrous materials

Percent Common log Percent Common log
Actual . Actual "
Expt tumor fibers/ug, Expt tumor fibers/ug,
No Compound  tamor  probability <025umx | No. Compound . twmor - ltiL <055 umx
£ 8D >8 um ineidence + 8D >8 um
1 Titanate 1 21/29 95+4.7 494 37 Halloy 1 4/25 20+9.0 0
2 Titanate 2 20/29 100 4.7T0 38 Halloy 2 5/28 23+9.3 1]
3 Si carbide 17/26 100 5.156 39 Glass 8 3/26 19+10.3 3.01
4 Dawson 5 26/29 100 4,94 40 Crocid 11 4/29 19485 0
5 Tremolite 1 22/28 100 3.14 41 Glass 19 2/28 15+9.0 0
6 Tremolite 2 21/28 100 2,84 42 Glass 9 2/28 14+9.4 1.84
7 Dawson 1 20/25 95+4 8 4.66 43 Alumin 6 2/28 13188 0.82
8 Crocid 1 18/27 9446.0 5.21 44 Dawson 6 3/30 13+6.9 0
9 Crocid 2 17/24 93+6.5 4.30 45 Dawson 2 2/27 12+7.9 0
10 Croeid 3 15/23 93469 5.01 46 Wollaston 2 2/25 12+8.0 0
11 Amosite 14/256 93+7.1 3.53 47 Crocid 12 2/27 10£7.0 3.73
12 Croeid 4 15/24 B6+9.0 b.13 48 Attapul 2 2/29 11+7.5 0
13 Glass 1 9/17 85+13.2 5.16 49 Glass 10 2/27 B8+5.6 0
14 Crocid 5 14/29 TE+10.8 3.29 50 Glass 11 1/27 B+5.5 0
15 Glass 2 12/31 77+16.6 4,29 51 Titanate 3 1/28 8+8.0 0
16 Glass 3 20/29 T4+85 3.69 52 Attapul 1 2/29 B+5.3 0
17 Glass 4 18/29 71+9.1 4.02 53 Tale 1 1/26 T+6.9 0
18 Alumin 1 15/24 70+10.2 3.63 54 Glass 12 1/25 T+5.4 0
19 Glass 5 16/25 69196 3.00 556 (rlass 13 1/27 6+5.7 0
20 Dawson 7 16/30 68+9.8 4,71 56 Glass 14 1/25 6+5.5 0
21 Dawson 4 11/26 66+12.2 4.01 57 Glass 15 1/24 6+5.9 1.30
22 Dawson 3 9/24 66+13.4 5.73 58 Alumin 7 1/25 5+5.1 0
23 Glass 6 T/22 64+17.7 4.01 59 Glass 16 1/29 5+4.4 0
24 Crocid 6 9/27 63+13.9 4.60 60 Talc 3 1/29 4+43 0
25 Crocid 7 11/26 56117 2,65 61 Tale 2 1/30 4+3.8 0
26 Crocid 8 8/25 53+12.9 0 62 Talc 4 1/29 5+4.9 0
27 Alumin 2 B/27 44+11.7 2.95 63 Alumin 8 1/28 3+3.4 0
28 Alumin 3 9/27 41+10.5 2.47 64 Glass 21 2/47 6+4.4 0
29 Crocid 9 8727 33+98 4.25 65 Glass 22 1/45 2423 0
30 Wollaston 1 5/20 31+12.5 0 66 Glass 17 0/28 0 0
31 Alumin 4 4/25 28+12.0 2.60 67 Glass 18 0/115 0 0
32 Crocid 10 6/29 37+13.5 3.09 68 Crocid 13 0/29 0 0
33 Alumin 5 4/22 22+9 8 3.73 69 Wollaston 4 /24 0 0
34 Glass 20 4/25 22+10.0 0 70 Tale 5 - 0730 0 0
35 Glass 7 b/28 2187 2.50 71 Talc 6 0/30 V] 3.30
36 Wollaston 3 3/21 19+10.5 0 72 Tale 7 0/29 0 0
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Relation of Particle Dimension to Carcinogenicity in Amphibole mercial crocidolit, Samples crocid 6, 7, 8. 11, 12, and

Asbestoses and Other Fibrous Minerals ' Sngle ‘o of sandurd UICE. rocidoie acignacd

Mearl F. Stanton,® * Maxwell Layard, >® Andrew Tegeris, 7 Eliza Miller, >® Margaret May, 3 * o b e eeparated by cemirifuga.

Elizabeth Morgan, 7*? and Alroy Smith ® . same sample (24). The remaining saq};gle_,g;ci_éog “t,};:
TABLE 1—Summary of 72 experiments with diffes

Percent Common log
Actual .
Expt tumor fibers/ug, Expt
No, Compound o o Probability =025umx | No.  ComI
mn + SD >8 um

1 Titanate 1 21/29 95+4.7 4.94 37 Hallo?
2 Titanate 2 20/29 10:0 4.70 38 Hallo:

3 Si carbide 17/26 100 5.156 39 (Glass
4 Dawson 5 26/29 100 4.94 40 Crocic

o Tremolite 1 22/28 100 3.14 41 (7lass

6 Tremolite 2 21/28 100 2.84 42 Glass
7 Dawson 1 20/25 95+4 B 466 43 Alum:
B Croeid 1 18/27 94+6.0 .21 44 Dawsi
9 Crocid 2 17/24 93+6.5 4.30 45 Dawsi
10 Croeid 3 15/23 93+6.9 5.01 46 Wolla.
11 Amosite 14/25 93x7.1 3.53 47 Crocic
12 Croeid 4 15/24 26+9.0 b.13 48 Attap

13  Glass 1 9/17 85+13.2 5.16 49 1° Glass
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ip p53 +/- mouse

science

Dose-dependent mesothelioma induction by
intraperitoneal administration of multi-wall carbon

nanotubes in p53 heterozygous mice

Atsuya Takagi,' Akihiko Mirose’ Mitsuru Futakudhi,” Hiroyuki Tsuda' and Jun Kanno'*

Division of Caluler and Mok asler Toxiology, Division of Nek A wrwt, Bidogica % fety Rmew dh Grnter, Netionad nestute of Hesth Sdence, Tokyo;
Deparammmt of Mol auler Tadmiogy, Magoys Gty Univen Ry G raduse School of Median ! Science; “Nanomun ded Tadcdogy Promct Laborstary, Nagoys

Gty Univens iy, Nagoya, Mpen
Racdad Fetinacy 21, 2012 Pmbed NMardh B, 2012/ K opted Aprll B, 2003/ K ospted nacsnaigt onine Aged 27, 200/ Arke e putidwdonine e 2, 20120

Three doses

300 pg/animal = 1x108 fiber /animal S P T
30 pg/animal = 1x107 fiber /animal
3 pg/animal = 1x106 fiber /animal
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NEWS & VIEWS . NANOTOXICOLOGY

The asbestos analogy revisited

Direct injection of long multiwalled carbon nanotubes into the abdominal cavity of
mice produces asbestos-like pathogenic behaviour. What does this finding mean for

nanotube safety?

Agnes B. Kane and Robert H. Hurt
are at Brown University, Providence, Rhode Island
02912, USA.
e-mail: Agnes_Kane@brown.edu;
Robert_Hurt@brown.edu

T he possibility that carbon nanotubes

would show asbestos-like behaviour

in the human body was raised ten
years ago with a call for appropriate
research’. Exposure to asbestos is known
to cause mesothelioma — cancer of
the lining of the lungs (pleura) and
abdominal cavity (peritoneum). The
nanotube and asbestos analogy relies
on several points of material similarity:
small fibre diameter, long length and
chemical stability in physiological
environments (biopersistence). There
are also differences between these two
fibrous materials, such as their chemical
composition and surface properties,
so the validity and usefulness of the
nanotube and asbestos analogy have
been unclear. Two recent studies provide
important new insight into the possibility
that carbon nanotubes may indeed induce
mesothelioma — a disease that is rare

in unexposed populations and is thus a
sensitive marker for asbestos exposure.
On page 423 of this issue’,
Ken Donaldson of the MRC/University of
Edinburgh and co-workers in the UK and
US report that long multiwalled carbon
nanotubes (MWNT5) injected directly
into the abdominal cavity of mice induce
inflammation, formation of nodular lesions
called granulomas and early fibrosis or
scarring in the mesothelial lining. Shorter
nanotubes had much less of an effect, as
did carbon black nanoparticles used as a
non-fibrous reference material. A seven-
day exposure did not induce mesothelioma,
but the distribution and severity of these
early inflammatory and granulomatous
lesions are similar to those induced by
long fibres of brown asbestos (amosite),
which is known to induce significant
toxicity and carcinogenicity in longer-term
animal studies.

Another recent study' by Jun Kanno
of the National Institute of Health
Sciences in Japan and colleagues from
the Tokyo Metropolitan Institute of
Public Health shows that MWNTS, also

injected into the abdominal cavity of

mice, induce malignant mesotheliomas in
p53+/- heterozygous mice — a common
genetically engineered mouse model.
These mice are a useful laboratory model
because they are sensitive to asbestos
and can rapidly develop malignant
mesothelioma following repeated
exposure to asbestos fibres.

Using commercial MWNTs from
the same suppliers as Donaldson and
co-workers, the Japanese team observed
granulomas and fibrosis in the mesothelial
lining as well as tumours in 88% of the
MWNT-treated mice after 25 weeks, in
comparison with 79% in mice injected
with crocidolite, a particularly potent
form of asbestos. Minimal mesothelial
reactions and no mesotheliomas were
produced by the same mass dose of
(non-fibrous) C,, fullerene. The authors
conclude that asbestos fibres and MWNTs
may have similar carcinogenic potential
on the basis of their fibrous geometry,
biopersistence and ability to generate

tissue-damaging free radicals.

—_Both of these reports identity key
physical properties of carbon nanotubes
that may be relevant for potential toxicity

B#8ent FProgress on Environmen t%%@gﬁgﬁgﬁ;ﬁ%&%k 5% M’Zn’ﬁfa%%momamﬁs @I\rgny MJMWﬁnﬁmummmmmy
© 2008 Macmillan Publishers Limited. All rights reserved.
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ip p53 +/- mouse

Low dose group #19

Takagi et al. Cancer Science, 2012
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Low dose
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Japan Bioassay Research Center (JBRC)

Japan Organization of Occupational Health and Safety
2445, Hirasawa, Hadano, kanagawa, Japan 257-0015

SEBICET AV VR T L
2018-02-16

27



MWNT-7 rat 2 year whole body inhalation
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Aerodynamic diameter
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Filler extension
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peat]

Filterate to Collecting Bottle

TB: Tertiary butyl alcohol (f.p. 25.69 °C)

ILFHED

2018-02-16

Taquahashi et al., J Tox Sci ,
ZEERBICEAT LV VRV UL

2013
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@EILEFH-ZFHEE (NANO-AS)

Mitsuit MWNT-7

By BC57BL/I6W X
= RER AR
2FMEI/H X 5[

2mg/m3

TNDE. BN EEE 138, 2658
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Taquann Direct-Injection Whole Body Inhalation System  Version 2.0

Cartridge

A+B+D: Air Pressure Relief Dumper
Flexible Plastic Film for Insulation
ULPA Filter Unit

Main Flow Inlet (cut off during injection)
Air Pressure Dumper Duct
Subchamber

Cartridge Loader/Injector

G 1 mo o w

Inhalation Chamber (with animal.cages). ..
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_ I TRARBRBEE
Inhalation chamber ¥EE2012-148848

Disposable inner (capacity = 16 mice)
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Version 2.5

Collaboration with -

[SBATA SCENTFIC TECHNOLOGY LTD,
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. Taquann EEX 2 SEERALES ver 3
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MWNT-7 mouse inhalation
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MWNT-7 mouse inhalation
SINAINCY » 'V +H C1(]




c G - ] D
. \.r ) I w .
- .s'<l r ‘ .
. /
S . LoNI; 4 ’ -
. s »Y .
Xy ! ‘ _
P LY .
: L LY NP ) .
S O 4yl .
PRy » - ¢ : P,
P g ) .LT e
A NS
< Ly o N
y . ’ , O3 Iy .
v . g . '
o -t v W ok . o b
™ »
N < i : L

c
o
=
e
©
<=
=
Q §
%2}
-
o
S
™
T
=
=



MWNT-7 mouse inhalation
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MWNT-7 mouse inhalation
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Non-Granulomatous Frustrated

phagocytosis
- Mesothelioma, Carcinoma ?
- fibrosis ?

50



@ <A77= DRESEDEZR - BERTELYAXEBATLSD
size of particle versus size of macrophage

@ HFDOR
shape of particle

@ MEEOHKODERZRKIYELELS(Pleural Stomata)
size of particle versus diameter of pleural stomata

From:

Anatomy of the Pleura, Thomas W. Shields.
Chapter 54,

General Thoracic Surgery, 6th Edition,

Ponn, Ronald B.; Rusch, Valerie W. 2005
Lippincott Williams & Wilkins.
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Eds: Shields, Thomas W.; LoCicero, Joseph;
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@ <A77= DRESEDEZR - BERTELYAXEBATLSD
size of particle versus size of macrophage

@ HFDOR
shape of particle

@ MEEOHKODERZRKIYELELS(Pleural Stomata)
size of particle versus diameter of pleural stomata

@ HFREMR (L RMEIE) I H0LE0ND,

granuloma formatlon/ epltheI|0|d ceII formation or not

From:

Anatomy of the Pleura, Thomas W. Shields.
Chapter 54,

General Thoracic Surgery, 6th Edition,

Ponn, Ronald B.; Rusch, Valerie W. 2005
Lippincott Williams & Wilkins.
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® M EEFIT. HEEEN S, KREHO SN Z L,

@ VAN M, FB1ICHE. 3B 2ICHKE,

® MMEARNAKEBOREL., [TARXNHKLEBE] 8. &R T,
® TRREF N AIZIEL  Frustrated Phagocytosisinh' d 5,
@ MEICHERINDDHLED,

]R8 = 2 21

® iliiEF N A DERE (WHO fiber) 7O ANZHHEIRYE. B L OHL
TIRMEDOED AEDEBNTEFTH S,
@ T TEOLNDWHIH TRV AEDNEVWEFTALBWVWTHA D, |
® %&H@Ci%%é NESZHITHHH. WRIEFHRIND ?8BA
il
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https://www.sumitomoseika.co.jp/upImage/product/1463446903_031576100.pdf
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TROARE
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mi (YY) I[CX 2AFERK. f_ﬁ/)ﬂi\ PZFREZ A I A D
7b72k L \Frustrated Phagocytosis D X 11 = X LEENT,
® TIRZN L7-BARERICL D &It (Macrophage)
® J&75 ﬁar%@—fﬁwﬁqﬁﬂ (T cell, Bcell)
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