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1 |Takagi et al.(2008): MWCNT- |~ v | EZEOFA MWCNT (MWCNT-7, ‘F¥JE£100nm, 27.5%735 um & 0 £ il#E) 2. 5% Triton
Induction of mesothelioma |7 A - i X-100(Z ) L& D 14305 MR 5 LB 2 L CMWCNT 2 708 S 7=, HEpS3+/-~T o~
in p53+/- mouse by ey 7 A (9-11:8#R) 19VC(23mgd & TImLOREHE & L CIEMENICHEER G- Lz & 2 A,
intraperitoneal application B h- 25)0 [B11% & TIZ T~ CIEL F 72 I FWSEIRAE & 70 b | kR L 7216VCF114JCD~ & RGN
of multi-wall carbon W REORAEN R BN, T OERTIE, MREBECIIEGOR AT R 5T
nanotube eV, FAE Bmg) 7oy KT A MMEERETIL, 18 VLHH14PTI R fEN L 54

TW5, ZOWEIZH L, HENET XD LE0MHNH -7,

(The Journal of (/770 b~ A~OMWCNTHEGIZED, 7 a3y K74 NaEEREVENIZ F R EN
Toxicological HELTLZ AR LTz, )
Sciences.2008 Feb.33
105-16)

2 |Poland et al.(2008) MWCNT |~ 7 | RIE LA | (BEE)
Carbon nanotubes (4F#) A - M2 (AZERE) Carbon nanotubes have distinctive characteristics, but their needle-like fibre
introduced into the fEN shape has been compared to asbestos, raising concerns that widespread use of
abdominal cavity of 5 carbon nanotubes may lead to mesothelioma, cancer of the lining of the lungs

mice show asbestos-like
pathogenicity in a pilot
study

(Nature
Nanotechnology 3,
423-428)

caused by exposure to asbestos. Here we show that exposing the mesothelial lining
of the body cavity of mice, as a surrogate for the mesothelial lining of the chest
cavity, to long multiwalled carbon nanotubes results in asbestos-like,
length-dependent, pathogenic behaviour. This includes inflammation and the
formation of lesions known as granulomas. This is of considerable importance,
because research and business communities continue to invest heavily in carbon
nanotubes for a wide range of products under the assumption that they are no more

hazardous than graphite. Our results suggest the need for further research and
great caution before introducing such products into the market if long-term harm is
to be avoided.
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3 |Sakamoto et al.(2009) |MWCNT- |7 v |[EFEDH Rz MWCNT%0.24mg? [ & THEDF344 7 » F DZFENITHRE L, 520[HBIZ L71- & Z|IARC @ &
Induction of 7 Ik - [z | (peritoneal ATIEH LD TR ED - B, ME~DEE S oz, —J . 7AXZX MO | A DHE
mesothelioma by a %N |mesotheliomas) |~ THDH 7 12y K74 F&20.4TmgDHETRENIZES L7-7 v b (1008) <, % | TEE
single intrascrotal e acn WHED T v ~ (BIL) ([ZITHIEDRAEN R LR ST, (Lancet
administration of (BtERtG e LTHWeZ 8y R4 RO SROWEDAMEEZ R LTD) oncology
multi-wall carbon 2014 Dec.®
nanotube in intact male SIHSCHER 9
Fischer 344 rats. )
(The Journal of
Toxicological Sciences
2009; 34: 65-76.)
4 |Mullar et al.(2009) MWCNT2|7 > | PREDFRAN | Az Vv TElsh, &8 4572~ (Al--1.97%, Fe---0.49%, Co---0.48%)f#i& LD X
Absence of carcinogenic | & ke fE 7L #H BT XiM) ©HAHMWCNT (+) %#2mgé20mgDHE T, HDHWIET LI A0
response to multiwall N N CEVLEE(2400/%) 12XV AR ESNKE DLV MWCNT (—) % 20mgd & TRtk
carbon nanotubes in a|+, —& b |5 Wistar 7 v MIIEPENEE Lo, ffER & BfER T, & $1211.83nm & 50.7um THh -
2-year bioassay in the|lZ 7oo 24FFRI212IZ, MWCNT (+) O20mgi G-REE Bt E L C{To727nv K7
peritoneal cavity of the|f£11.3= A F2mgie GREZIBW T, JEEN OLFRERE O E N B S i 7z, K24 OB 12
rat. 3.9nm AT, Rz F A S I3k FREEC3.8%(10C,260L) . MWCNT (+) D2mghf T4%(2
£X0.7u VT, 50C) . 20mghtCT0% (OPL/50PC) . MWCNT (—) 20mght T6%(3JL,/500C) |Z
(Toxicological m XL, 78y RT7A4 F2mghtT34.6% (9L, 260L) TH Y, MWCNTIZ DWW TIE, #1
Sciences. 110(2): RBGOAFAEDH Do T H ORI bR oz LE SN TN S,
442-448 (2009)) (Takagi et al. DFEMERE G & OFHEIIMWCNTHHE DR S ICER T 5 & Hih
5 |Sakamoto et al.(2010) |MWCNT- |7 v (FRZfE, B | 2% VAR AT m— AR S B 7-MWCNT 1mg/kgRE 25 L 7=
Serum level of 7 Noe B2k, FAEZR L3 | 13447 »~ O TC, ICOHEZEAH S Z v b SILOF B AEH S 7 v b, H
expressed in renal FEN | HEM TG A Y | EIEIE R Z R T2 20T v RBILKNIER 72T v b R ORI D Fr % $ 5 U 72 % B
carcinoma (ERC)/ Bh |7V BEECE Ty F3EEHWT, MmiETOERC /Mesothelin (expressed in renal carcinoma

mesothelin in rats
with metothelial
proliferative lesions

)

[ERC l/mesothelin) DN & CHL & Fiik /34T L, F£7-. C-ERC/mesothelinfi{A% Fu>
TR 2 Y fa U7, Z DR, MWCNTHESIZ K-> THEEE & REEZH S Z
kD MiEIZNAERC/Mesothelin O A & 72N 27~ L7z, MIENA ERC/Mesothelinii &
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induced by multi-wall WTHEIES » b >HEIEER T v B >MWCNT#E-Z »v DR CTH 7=, CHERC/
carbon nanotubes Mesothelin TiXHH B ZAL & H R IERE T H M LA~ 72, 1€-> T, ERC/Mesothelin
(The Journal of X, BRADOPIE OB CHEINL, BRAOEITE EBICHEIZEML, RO A 4
Toxicological Sciences ~v—N—L L THMHTODZ ERNRBEINT,
2010; 35: 265-270)
6 |Donaldson et al.(2010) Poland et al.(2008) 23428 L 72 RV MWCNTHkHED 7 AR A MEREER O (K
Asbestos, carbon WMWOCNTHEHEIL T AR N ERRRICH RZIEZ EE S5 aEHEH V) &2 3 FFT 2 ke
nanotubes and the K O b Bz O f B EE 5 H & B O MWCNTHEHE & 7 A A A3 B B 8
pleural mesothelium: FBETOHHFEZIRRS Lz, IIL, QENICEE S =MWCNTI IS % 18 - T s
a review of the 2 % CREMIMG I C T 5, BEAIMIEIZITRAL H 0 | 2 OZFLITEE Y > R HiT
hypothesis regarding DR & 70> TND D, HIVMWCNTCHGH 7R 1XZ DORFL 2@ L, i) o &%
the role of long fibre o THERR U o REZE O Y R Bz @il L7-% T, & ICAD, Lo, &Lz
retention in the TERVEVMWCNTREWT AN MEHEIRILOMNT ISR T 5, RILICERE LI
parietal pleura, FUVWMWCNTE 72137 AR Mif#EiZ~ 27 07 7 —VICEAEBINDI N, REEARD-
inflammation and WIT, RIEEROSFEAZRME L, HEOHEHIFLODNAIZIEE 2 5 2, HHEGHRIZ 22
mesothelioma RERARFXIR T, T8 o028 L2 RVWMWCNTHEHEZ K A PR ERELD A 7
(Particle and Fibre =ALTHD,
Toxicology 2010 7:5)
7 |Varga and Szendi(2010) |SWCNT |fgFE | EZiEDREZ | MWCNT (10-30 nmx 1-2pm) HAHVIEISWCNT ( <2nmX 4-5pum) #E7F
Carbon nanotubes KR WE | L 7 7B AN TI0mgD H&E TF3447 v MIEPENES L, PRBEORAEILA S
induce granulomas but MWCNT |5 nipmnoiz,
not mesotheliomas. £ 1FE (% GEINTE &)
In Vivo. 7 F3447 v b (MEBIAREE) ABE6PCIZ, 10mgSWCNT (<2nm X 4-5 1 m,fifiE90%) 7=
2010 Mar-Apr; L) IEMWCNT (10-30nm X 1-2um) (& GHRE25mgkglfH), Foid, BERE L
24:153-156.) T LIS AE A LB 7 F o b e L B T b - IR DA AT,

Brb:12 0 H RIS L, PIRAY S QYR BRI 7R R 1 S O IEIEN I 1
B— R ORISR SR, I PR (3R b o T, ik
B E LT, SO WIS & SERMIAE T2 A 7 DF ) F =2 —7 BB
BOEOLTHY | PRIEERD AN, ZOFRII TR TS 52, M
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fa~DEWIRIZHO7- 2MWCNTOEHER (X< FEIC L - THEPENICH EEAEER S v
WZ EERLTND,

8 | Nagai et al.(2011) MWCNT | 7 v | #\"MWCNT | SHEAEOMWCNT (NT50a, NT50b, NTUS, NT145, NTtngl). 3D T A~<A k(7 U ¥ % | IARC O %
Diameter and rigidity | 5F& e | TEOEWNE | A, 783 RI7A4 M TEYA ) IZONTOREREZ FEN L7, 3FEOMWCNT (NT50a, | 2% A % 4
of multiwalled carbon e | 25 Ak (FPRZIE | NT145, NTingl)z &~ b OEFENICHERS Uiz, #IVOMWCNTIZAVMWENT & HENT, | FHTERE
nanotubes are critical N | ) ZfiER TRWRIEZ A L, BN RERAEL, mETHo72, MWCNTZ~ 27 17 7 —|Z | (Lancet
factors in mesothelial 5. Bh L, YA MU A VEARRE AT, RO D MWCNTHIZZELITFE S | oncology
injury and DI oTz, o T, RIERLMEFEEICOWTH, < b7 v MNEVENE | 2014 Dec.
carcinogenesis. HEDET B\, PEMREEENERS L L TWHENRBINT, BEEN | o 5[
(Proceedings of the KbH/hEL, oEEIEZ S D K9 ZMWCNT(NTtngl) I ZMIaic A 59, RIEFELME | SCHk 8)
National Academy of RO R BIEN -T2 e TR AD ZDIZIE, EEINNSWFEDART

Sciences of the USA
2011;108: E1330-38.)

R WERE L EREAEWI EAEETHLI L EEZ BN, MWCNT TR
ST ENEA T LA CGHIEIZ Lo TS 2 & | 12514241 TCdkn2A/2B D K 7338
Bz, TOF 7 ARBIZT AXRA NFERFEEL [F—DfTHY, F/Fa—7
ET AR SRERRD T ) DAL EE D HRIEZFR T H2HEIHOh Lo, BT
T, MWCNT & 7 AR MlfE I T2 72 2 8608 T EIRITR AT 5, Z OiE O 725k
[CEARRDORKE Z2MWCNTIZH A A 12 <, BEELIERWFERHL N E o7,

R
=R NT50a NTS0k NT115 NT145 NTtngl
B F (FEhS TR nm 50 g0 150 150 15
B G ) nm 4905+063 | 5243072 | 1162F16 | 1435£16 D
FE2& (S ER) um 4 10 g G 3
2 GatlZEEAE) um sootole | 46+010 | 4sstoi0 | 434F008 MD
E5HEE

RMEEBETRES: NT902 - Tmg/ml, NT145,MTtngl : 1, Smg/miE 1ml 1 CIREREHIES
hRFREEESE: NTO0aE L SES T2, 05,5 meg/miF1ml 1AM HE (ZoEREREFEES

EREN
Sub F44lEE Brown MNorway SECIF1, iEER

(MHER 2N ZIEE U (SpmfREE) THIHERE D 72 5 MWCNT D iR N 53R




No. Sk HeEREEL | AL AER OB B
Jik
HERR D/ & < FESEPE D BV OMWCNT(FFIINTS0a) AKX A& CH FRIE (100%) 235
HELT )
ERIEE
NT50a NTSOb | NT115 | NT145 | NTtng | ™ 22me
control

HE —agmk 1mz [10mg | 10mg 1z | 10mg | 10mg

FEHd 15 13 43 fi - 25 30 15 23

PEERESD 12 13 43 fi - 5 25 0 0

©/@x100 | B0% | 100% | 100% | 100% | - | 17% | oa% | o% | 0%

Stk BavA High High MO Low Mo e

9 |Takagi et al.(2012) MWCNT- (g | #EP53+/—~ 7 | MWCNTA HEEKFHNC R EIEZ BT D0 E 578, 200 FEDOps3~7T 1 / 7 [IARC O ¥

Dose-dependent mesot |7 Wi | ATHEBEOHE |7 b~ 7 ZIZMWCNT % 3ug, /Tt (1 X 1064 /L) | 30ug, Pt (1 X 1074, TL) | 300ug|Hs A5 %H
helioma induction by i 5. fE(peritoneal | P (1X1084 L) | XfBEAEL L COug PC (ImlOAEEME : A F v rn—RA | TERE
ntraperitoneal adminis 27 |mesotheliomas) | Tween 80) H[FINFIENFEE L7214, mKRVFERBIZE LT, (Lancet
tration of multi-wall ¢ BR o7 B 13 3ugBED 5/2041], 30ughEd17/2061, 300ught19/20061 TH AL, MWCNT |oncology
arbon nanotubes in p5 FAEICEF LTI Le, PREERAE CORMIL. HEEEERTH- T, 2014 Dec.®
3 heterozygous mice. Su gt CBIZRKHE (14) FTEMGFLETRTO~ Y RTHEORAGBZM A & | 5] H 3Tk
(Cancer Science 2012; OO, BEOBAESCAFEIIHEKRFICAL OO, Sughf CRLBIETH 72, |10)

103: 1440-44)

A SERE-CRAEMERBE R A & D DLW (Bug) T, FEEOREIIALD S
Nz, EHICHEOBEEIRZE OB FI2IiZCD45- X I1ZCD3-fth: U v 738k ) (0’\D45/CD-3
Fatt, F4/853[5 D~ 7 a7 7 — U b5 BEMROSEHEIRB O b, DO~ a7
7 — IITHIE [ BE OMWCNT 2 5 A L TV D S DO B IEE LT,

| WERIE
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7k
MWCNT (MWCNT-7)
- Ki 1%k : 3.55X 101 f#, g
- & 1-20um (FRfE2um) | ki FD25%7235umbL E
< BIFEA 0 70-170um  (FFRE9Oum)
- AN - $:3500ppm, fifis : 470ppm, HEFELE20ppmIL N, 7 v 3K L BRI
R AL T
1mLOEER (X FLtra—Z, Tween80)

10 Nagai et al.(2013) NTtngl |7 v |HEEORET (Ak?stract) . ‘
Intraperitoneal NN AN Multiwalled carbon nanotubes (MWCNT's) have attracted public attention not only
administration of e for tbeir pot?ntial applica}tions in engineering ar.ld .materials s.ciencg but also for
tangled multiwalled w5 possible environmental risks. MWCNTs share similar properties with asbestos, a

carbon nanotubes of
15nm in diameter does
not induce mesothelial
carcinogenesis in rats

(Pathology Internation
al Volume 63, Issue 9,
pages 457-462, Septe
mber 2013)

definite human carcinogen causing malignant mesothelioma (MM), in that they are
both biopersistent thin fibers with a high aspect ratio. Certain types of MWCNTs do
induce MM in animal experiments. Though there are many different types of
MWCNTSs awaiting use in industry, there is little evidence about what types of
MWCNTSs present a high risk for MM in vivo. We have previously shown that the
diameter of MWCNTSs is one of the critical factors for mesothelial injury, which
eventually leads to MM. Because of the extensive commercial use of MWCNTSs, the
properties of MWCNT's that determine carcinogenic activity should be clarified.
Here we report that a high dose (10 mg) of a tangled form of pristine MWCNT (with
a diameter of 15 nm) did not induce MM after intraperitoneal administration in
rats, which were followed for up to 3 years after injection. This observation

strengthens our previous finding that the rigidity, diameter, length and surface
properties of MWCNTSs are important factors in MM induction in vivo.

(AT WEET A X A 7OEL 15nm ORI T T R IEA RGE LW & 2

)
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11 | Mercer ot al(2013) MWCNT- | % A fifatEe s | (Abstract ?conclusion) IARC O ¥§
Distribution and 7 X< [ HEE Despite the relatively low fraction of the lung burden being delivered to the D3 A ST FR
fibrotic response & alveolar tissue, the average thickness of connective tissue in the alveolar region THEE
following inhalation increased by 70% in the 336 days after inhalation exposure. These results (Lancet
exposure to demonstrate that inhaled MWCNT's deposit and are retained within the alveolar oncology
multi-walled carbon tissue where they produce a progressive and persistent fibrotic response up to 336 |2014 Dec.®
nanotubes. (Particle days post-exposure. EIRES
and Fibre Toxicolozy (BAFES % S UMWCONTUL, BRSHLARIC U, W50 L. HEAT0, FRRE/ehiie LI | 12)

2013: 10: 33 ISz X< FE%336 H iR £ TR Z L72)

12 |Sargent et al(2014) MWNT-7 |~ 7  |[MXESX Ml | MWCNT WA (X< FEICLDMEO et — a VMERHOFEEEZFI~D BT, %&|IARC © ¥
Promotion of lung Ao W | PERRE K O3 A | BERS 50 PEOE B6C3F1 ~ 7 A (6 i) 12, A =Y =—F—L L TAFLaTy b | BAMESHEE
adenocarcinoma AT | &t > (MCA. 10pg/gBW) IR (m—9h) ZHEJGERS L. 20 1%, | TEE
following inhalation <§& MWCNT %A X< #& (5bmg/m3 IXIEHZER T, 5EE, H, 5 B /i) % 3 ¥ (&] (Lancet
exposure to 150 FEh L, IX<TEE TG 17 » AZRIZE IR L7, *HEEED 23% ., MWCNT |oncology
multi-walled carbon XL BDOHD 26.5%, MCA B 5D I D 51.9% i DA E S iife Rz i s, J 2356 45 | 2014 Dec.
nanotubes. U7z, —VEY72 0 OGO EEEEL, cFHREEDS 0.25 6, MWCNT 7% 0.81 &, MCA | 5| H 3C#k
(Particle and Fibre 2% 0.38 T o7z, ZazxtL, MCA #51% MWCNT <& (MCA+MWCNT) |11)
Toxicology 2014; 11: BECIX, Mo AE SCML bR RIS, D78 4213 90.5% (38/42 SEXEEL 2.9 ) Th
3) 72, MCA+MWCNT (% 62%(26/42)|ZMI5E Sl LB AN H D . XREED 13%

(7/56), MCA @ 22%(12/54), MWCNT O 14%(7/4NZH_TE o7, FHOBEIEIC
KV LIS Te~ U ATEEBIEE S @O EIE 28 L MCA+MWCNT BED 3 PLi3ise
il Z IR & FEo T, E72. MCA+MWOCNT BED 5 L& MCA DA EEHRED
1 VC, WIERIOMEZENIREAE LT, YL ELY MWCNT < @E N A =v=— F i
B6C3F1 v 7 A D DIEZ ~DOHETEHRHET H Z L 2R LTV D,
13 |Rittinghausen et al. MWCNT |7 > |[AFEHEEIZHE DS A AT DOERBE I —ARF ) F2a—TMWCND % 7 ~ MIEFENICHREIRE L Z D%
(2014) 478 k8| 2R, T A DBAMEERE L, % MWCNT 2 2 HER., 70 A b2 G iRRE, A Rt
fEN |7 PEIZINZ C | 5% 1072, 7 v M3 5% 24 A ETHE., BIR LIS, 2 COHSREMRBR L
The carcinogenic effect Beh  |[BHOESWN |72, 0B MRFIMA & LT cytokeratin, vimentin, podoplanin (22 C3EfE L

of various multi-walle

FEIN PRI B

2o TORERETO MWCNT TGN FHR I, 1T E A EDIEVEOIERE mIZ LN -
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d carbon nanotubes TEMPRETH -T2, I BIZIEE A EDIEENERE O, FHRREICEERE LT,
(MWCNTSs) after IR IEHk D MWCNT (A, B) 2 FECEME > REICBIE S, ko MWCNT
intraperitoneal D)TH 2 FMORBOK EIIFBE SNz, K MWCNT K OV7 AR kDJFIEN
injection in rats. B 5T X0 A U 72 BEME AR B3 B RIS b R RIS B EEIL TR | b
roFZEE AL LB CTh o T,
(Particle and Fibre To
xicology. 11:59.) BRI S Rats with
BESE | EX £ X HEE Specific fib Inner mesothelioma
(um) (um) (um) | er concentr Angle B low
Ak | WHO fi | WHO fi | ation (10° | (mdhifEs | FE high
bers bers WHO fibe )
rs/mg)
A | FEEEL 2.72 8.57+1. | 0.085+ 2.39 174.85° 98%0(49/50)
+2.29 51 1.60 +5.82° 90%(45/50)
B|7x=nmrY |213 9.30*=1. | 0.062+ 1.60 148.10° 92%(46/50)
JUIE +2.46 63 171 +11.48° 90%(45/50)
C| 7Y |4.18 10.24% | 0.040=* 10.91 144.55° 84%(42/50)
Uik +2.41 1.64 1.57 +11.48° 94%(47/50)
D|7=x=nmy | 253 7.91%+1. | 0.037% 30.15 Not meas | 40%(20/50)
Ik +2.02 |40 1.45 ured (K) | 70%(35/50)
TEYA b 6.22 13.95 0.394 0.1 - 66%0(33/50)
+3.12 +2.10 +1.83
bk
BEREN I Bim 5 MWCNT 4321 £ 72135 (109 WHO
fibers/Z v h)D2 F&E 4#E50 [T
EELY]
Wistar Han Crl:WI(Han)Z ~ b / 51500 PC

WHO fibers: lengs greater than 5y m, diameter less than 3 um, and a length-to

width ratio (aspect ratio ) of at least 3:1
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(A5 « AASA [MWNT-7 |7 > | iCEEEEO | 0,0.02, 0.2, 2mg/m3 OJEE T 2 M7z 0 MEED F344/DuCrlCrj 7 v b (458 50
FT AW 2 — ke | A D) 228 X<HE LR, BT 0.2mg/m3 ML EORE (0.2mg/m3 T 8 B, 2mg/m3
F i) A E T1108), T 2mg/m3 & (8 PT) THi D MRS O R AR Hitz, (DA
D A SRR <& P % e
(104
i) O B RE
WHERS @ 90.7%+20.9nm, 83.8+27.1nm
WMER © 5.7+36pm,  52%3.1um




