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Fig4. Carbon black (CB} induced cytotoxic injury in human umbil-
ical vein endothelial cells (HUVECs) in a dose-dependent manner.
HUVECs at ~90% confluence were treated with CB (1-100 ,g/ml) for
24 h. Lactate dehydrogenase (LDH) released into supernatant was
measured and maximal LDH relcase was assessed by freeze—thaw
lysis of cells. Cytotoxicity was expressed relative to maximal LDH
release (n=6-8).
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(Figure 5).
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Fig6. Carbon black (CB) infibilcd expression of profiferation
marker in human smbilical vein endothelial cells (HUVECs). Afier
HUVECs at ~30% cosflscoce were trested with CB (0, 10 or
100 . g/mi) for 24 h. total cell fysates were harvested. (A) Profifersting
cell nuclear antigen (PCNA) capressios determined by Western hiol-
tng. Equal prowin loading was confirmed based on fotal actin anti
body. {B) PCNA expression is shown as the fold-change relative 1o
control (a=7-13). **p<0.0] compared with control
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Figure 1
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Fig.1

Figure 1. Representative photomicrographs of HUVECs
reated with hydroxyl fullerene C60(OH24). HUVECs at
~-80% confluence were treated with C60(OH24) (A and E: 0
ag/ml; B: 1 pg/ml; C: 10 pg/ml; D and F: 100 pg/ml) for 24 h.
Scale bar: 50 um(A-D) and 100 um (E, F).
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Figure 2. Fullerene induced cytotoxic injury in HUVEC.
HUVECs at ~90% confuluence were treated with
C60(0OH24)(1-100 pg/ml, 24 h). Culture medium was then
collected. (A) Lactate dehydrogenase (LDH) released into
supernatant was measured using a commercially available kit.
Cytotoxicity was expressed relative to basal LDH release in

controls (n=4-11). (B)Living cell number was calculated using

water-soluble terazolium salt (WST-8) (n=3). **p<0.0]

3) Ktk 7 7 — 1L iz & b WST-8 (KiE
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ug/ml Tix= v br— L H# L TH 64%
OB HSHE 23 ] & 7z (Figure 3A and B),
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Figure 3. Fullerene inhibited cell growth in HUVECs.
HUVECs at ~30% confluence were treated with
C60(0OH24)(1-100pg/ml) for 24 h. (A) Representative
photomicrographs are shown (a: at start; b: 0 pg/ml; ¢ 1
pg/ml; d: 10 pg/ml; e: 100 pg/ml for 24 h). Scale bar: 100 pm.
(B) Total number of living cells was couted using
water-soluble tetrazolium salt (WST-8). Results are shown as
relative to controls (n=6). **p<0.01 compared to controls.
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Figure 4. Fullerene does not induce apoptosis in HUVECs.
After HUVECs~90% confluence were treated with
C60(OH24) for 24 h, total cell lysates were harvested. (A)
Cleaved caspase3 (17 KD) and Poly (ADP-ribose) Polymerase
(PARP) expressions were determined using Western blotting.
Equal protein loading was confirmed using total actin
antibody.
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Figure 5. Fullerene treatment induces polyubiquitilation in
HUVECs. After HUVECs at ~90% confluence were treated
with C60(OH24) (1-100 pg/ml) for 24 h, total cell lysates were
harvested. (A) Accumulation of polyubiquitin was determined
by Western blotting. Equal protein loading was confirmed
using total actin antibody (n=8). (B) Activity of the 208
proteasome was determined using a commercially available kit.
Activity of 208 proteasome was measured by fluorescence of
librated AMC using excitation and emission wavelengths at
340 and 450 nm. Results are shown as relative to controls
(n=3).

5) #EFERAMEEIC L HSNEMA— T 7
TS O REEN L & A — |k
77 Vil ERAEEHANE L

C60(0OHz24) L@ (100 pg/ml) = L~ T

HUVEC OffifaiNtgi&Enss & o X 511k

150, BTHEMSECLVERLE, *

R, Ce0(OHz)LBIZ L v BELLL 2 Y

X FUALBERAERA— 7 7TV — LR

fNICREEMT 52 NHHALE

(Figure 6B-C).



Figure 6, Ultra-structural features of HUVECs treated with
C60(0OH24). HUVECs were treated without (A; Control) or
with 100 pg/ml C60(OH24) (B-D) for 24 f N; nucleus.
Arrows: vacuoles with phagocytotic function. Scale bar: 2 um
‘A and B) and 500 nm (C and D).

miZ, ZhvboRglaBA—b77 Y —A
THLINENE, A— 77TV — LD~
—H—HBBEHHATHS LCA OEHE V=R
yo7ay PERIZEVEBNLEEZ
C60(OHz4)4Li#& L /- HUVEC (- A B 7255
DOILEP RN, UEDREREMNL,
C60(OH24)4L & |~ L %5 HUVEC Dl ik
BXUOHREEZ A EXF ALEAEDA—
P77V —LNTOREEMVBIFRTSH
% AIREME DS R X v 7= (Figure 7).,

Figure 7

B

actin

Figure 7. Fullerene induced the formation of autophagosomes
in HUVECs. After HUVECs at ~90% confluence were treated
with 100 pg/ml C60(OH24) (B-D) for 24 h, total cell lysates
were harvested. Autophagosomes were detected using Western
blotting with LC(light chain)3 antibody (n=4). Upper band

represents cytosolic LC3 and lower band represents membrane
bound LC3II, a typical marker for autophagosomes. Equal
protein loadong was confirmed using total actin antibody.

6) {EiRE KB, 7 — L - [C60(0Hz4)]
O (i & P BRI R et B 8% Eh R

(i C60(OH24) (1 pg/ml and 10 pg/ml)

Wiz X 5 HUVEC OB E{L 2 Y
fil (10 BfE) HIRIEEFE L., JeFBMEi Tl
217, 1 ug/ml @ C60(0Hz24) THL#E L 7=
L Z %5, HUVEC DOFERBFHEIZ= > F

o/ L [RERICHE#RME D 10 HEET
Ronizhosiz, £HZx LT, 10 pg/ml
@ C60(OHz) THRLE L7=8BE. 2 hun—
/L& EkIC C60(OH24) L& 2 A H THIM
a7z MoELRED, MO
BEL, AWEoMERSEBE N,

BEOANS 4 BEOKEETa L ha—

OB ERa 7 MCE LM,
C60(OHz4) THL{E L 7-FlBIZ, MAaANORK
Fcasgme , BicHlaoBR L 2,

B DA YECHBEREE IR T 5 2

ERHEA L, L, BB OIS 6
A H T C60(OH24)4LiE DAL A FF = o

T MIBLEEZ &b, C60(0H24)

ICEFMOH S MBS HERE L, Lz

et e X vz, (Figure 8)

Figure 8
! Passsge d 19.-9.5

| CofOH}, 10 pgimi

| ...

Figure 8. Chronic effects of low dose fullerene on HUVECs.
HUVECs were treated without (Control) or with 10 ug/ml
C60(OH24) for 8 days. Cells from passage 4-5 were used.
Treatment was started soon after splitting cells from passage 3
to 4. culture media containing fullerene were changed every 2
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days. Representative morphological features are shown. Scale
bar: 100 um. Arrows show timing of splitting.

7) KEET7 F— LV UMEBIZ L A REFR
AL

Affymetrix Human genome U 133 plus
2.0chipZ W=~ A 707 LA BNk,
C60(0OHz24) (100 pg/ml, 24 h) @& LY
AR Fr—TaTTV—N HHEICED
LB (HECT C2 and WW domain
containing E3 ubiquitin protein ligase 2
(fold 2.8),
protease 31 (ratio: 1.7), ubiquitin specific
32 1),
ubiquitin-conjugating enzyme EZ2 (ratio:
LE)DFERMBILHEST D Z LA LT,
Table 1

retio: ubiquitin  specific

protease (ratio: and

Z
INLOR/RNL, KEHEZ T —L X
i P AR I Z R L. M i I
NI R 2R Z E AL MR
ot K7 S —L i X 2REED
AH=ANZ (1) MIRNOA— 77T
V—LANT2EXFANBEAEOREEHE
L OHEHER, (2) CB LFRILL H#t
BICEEZ T i B EA S DA
A, EBRELELREIZELD 2KH
BTRBHER D, LrLEA6, CBick
DB MIA~DIER L KB 7 T — 1Lz
LBERICITA L RBEVRH S Z L2
BAL7, CB BREHEAT 1 =— & —
(MCP-1, ICAM]1, ILS, PTGS2, HMOXI,
and selectin E) DB AR T 5 DI2x L
TKREBEMEZ F—LviatxF o —7asr
7Y=L OBGFREORB L RE LT,
DL, F/RFTHLERENROYE
LR R R 2T, Mo+ 51EH
BELES ZLEZFRETHIHLOTHD,
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ARG B, KSR F—
L5 mMENEZMBRA~OERIL. BREDFK
b THIRaREE LS =& Z L.
ZOX S AR CIRE SN S IR
RETHHN, ThoOERFERENGEE
TR, BB R OSMERRENEIT
LOTHNF LML R EELZBND, L
ML L, KRE CRIUMOBE B
WAAE, M MmAE R BORE - ERICED
DPEPIISEROBRIENLETH S,

3. v u7r—CRI—BRrTIT v
(CB) . A¥atE 7 5 — L > [C60(0H24) ] CE
HHMALE L, L FOHEBIZOWTHRAT L,

AHBfFEiL, Circulation Journal 2007;71(3):
437-444 \ZHBBH A TH D,

1) =7 A=2n77— (RAW264.7)
EH—ARoTZ w2 (0~100 pg/ml)
TROMALAE L., EPEMEC LS
EReFE A {bo#E L LDH 7 v &
A 12 X B il B A R I OV A
LDL OB ERETL 7.
vUAvs7u7y— (RAW264.7)
Aka A kiEtE 7 7 — L1 > (0, 20, 100
ng/ml) TEIAMLE L, 67 BEME
WX ARFERE(LDBE L, LDH
T vEA I L HMEEFEERE VN
ZtE LDL OB EBIT L7,
F/BFEA TR FICLDEE
LDL O#IfaN~DEL 0 AL JEE & |
M LDL %%k (LOX-1, SR-AI)
DEARBEOEERET L,
< R=wsn7y7— (RAW264.7)
K@M 77 —1 > (0, 20, 100

3)

4)

ng/ml) TLEE, M/ HRIEEEETF
R e ERFDOFRR & et LTz,

S
1) REMAI—R 77 v 7 0B B~
7 a7y — Y OXFEMEEG T O
Fea B 2 1
=R Ty rD=eradyr—Iwd
LHBUEDRERFT DD, I—ARTF
v 7 IR~ 24 BFR, 16 AR, 50
H [ B Ofifa O e A #5% LTz, £ ORER,
=R 7T w73 24 BEEHKIZERHIC
vruZy—VICRRINCH, BERFER
Eiriig s n2h -7 (Figure 1d A L
EE)., SHICEMM (16,50 AM) KEEL-
MR, ERED CB Tiz=ar bo—abiZ
ER L &L IR OEB R R0V,
%A (100 pg/ml) OEEEEHTIIMARE
tkoEnBE I ZZE(L L7 (Figure 1d B and
C EBY), L2 LAadns, HELHMETES
FIZE bIE R ST, MiekEE ERIL 50 B
DOH: & T HMER TE 2 h o 1= (Figure 1A-C
TE)., CB IRINOEEHIT 48 HME®RE.
A:{t LDL (100 xg/ml) #Mx T2 AL
£L, 0% LDH 7y®A ALy
FO TR LR, CB OBEEFRIC
Ml EEHLERICGEL, w777
—VHNOEE L CB OREKIFAYICHE
L. BEKATAZEEBALNZRS T
(Figure 2A and B).
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Figure 1.

A 24h

2) REUMEBEREXRKBEEZ 7 — L »
[C60(OH29) LI L B~=27 07 7 —
T OSSR I O AR E (E A
EREKEEZZ7—1L > (20ng/ml) T 10
BHElw7ro77r—U%0B L%, HFHR
BT THE LI/ R, 24 R O fERa 2 HE
iZik=ar ba—, C60(OH24)4L1E £ %1z
e, ZREIRLNZR 10 A @
C60(OH24)LEIZ XY, =T 7—TD
RIS LR~ L kL, Zhbd
v /7y —UTT 7 IV — AEREED D
IR END Z EHBA LT
Aad), ZOfMaEXFLAFRELIZLZA,
WWE77jy—AW%WW%m%ﬁ
C60(0OH24) 5 ¥ 1 |Z #E32 & 41 7= (Figure 3

B-b, arrow heads).

LTl halsb

(Figure 3

Fig3. Waler-soluble fullerone (CaolOHl}u) induced phage

formation in RAW264.7 cells. (A) Cells w nln.w.\inlt(‘ (th
(s, Ong/ml; b, 20ng/ml) for 24h or 10 days (c. Dng/ml; 4. 2X0ng/mi).
and cell rmrnhcring) WS 1h..n \nunl.ud1 2111 magnification). (B)

Li were U hcnlsn}u I-1k
ferod solution, snd stained with Giem
microscope (1000 magnificatic \J\nm!.n.hn.i-.

LaL, NEMlaERRY, 77 Y—A
NICEHEEREMIIR N1, KE
77— L AE% 8 HE B ICE{E LDL
(100 pg/ml) ZHIML, = 2 AR OKs
FR, ﬁ#wvvF()%@%ﬁ&tﬁ%
C60(OH2) B Tl A A /L L v F O Tikfs
Shiphol=hs, Bk LDL % [RFRFZEMT
%5 & C60(OH20) DI EERAFRIIZ A A /L L
KO D7 ik L= (Figure 4 Aa-f),
&5 iCHifukEE 4 LDH EtETRIE L
5. C60(OHz24) HiZh T %) 2 FE (R AFHY (2 A i
EEMNER LA, Bk LDL 23354 5 &
C60(OHz24) D 2 B (R AFHYT I #ERR R 253 512
B+ Z LR LM - (Figure
4B),
ZOFEM LT EAIC kI LDLA00
ug/mDC 5 B [EALE %, C60(0Hz24) (0, 20,
100 ng/ml) Z#HML, 2 HRiIZAA VL
FO THRELLFEER, C60(OH2KTFRIIZ
IR RT 52 LR L (Figure
5A and C), [FIRFIZHRRSAERES WTS-8 T

i B o

Lo B 6

rat -
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RE LR, C60(OHz)KFAY Izl  LOX-1 ERHEOREHFEILT /KR

WOHEIT 5 Z £ 3 - 72 (Figure 4D), T 5 elREMED R S 7= (Figure 5A and
Figure 4 E),
Figure 5
Ao o T e Sl
e IEEE LaxA Lox1
=88 s W

CulOHl -
c
1 l.
by~ allhi s

CulOH)y,

(GO, gt

Wiz, CB <% C60(OHz4) /L& IZ X 2 B 1L
LDL DX dicvws/n 77—~
DIAZNENIZHOVWTHRE L. £ORE.
Bl LDL &0 1-oTH5, LOX-1&H
BEOFH N C60(0H24) (20 ng/ml) IZ X

S>TCRET S Z &, S 628 LDL o#n _E:f:_g%g;lfgﬁé,::mf&?}ﬁ
X0 EICRELS ERTH L AHE L ST et
(Figure 58), ZHICH LT, RH~YTx e

— 2% {kD 1, SR-AI (3 060(0Hz24) =Wk B s S S

{t LDL, 7 F AL LDL Oz L >Th,  3) KEEHE7 5 — 1 [C60(0Hz24)] THLE .
SR-Al DEHFBBEOTLEILR bho i v hUsAAEOTOTT—¥—9
(Figure 5B), LOX-1 OE B RHFEENF / (pro-MMP-9) @ %8 Bl /3 is it & Tissue
BRI E N E A I 0 P — X h factor Mi#{n -5,

S>THRE L7, 3 HEI®D 6 umY A XD <A Kt~ 7 —1 > (0, 20, 100 ng/ml) T8
Jut—XARBE®RIZ, HX7 & F A H 4L #%, Ag{k LDL (100 pg/ml) # ¥

LDL(5 pg/mDZFEML, MEEAN~OERVIA  MUEZ 2 AMEE L. ZoEREPIZ
hEENEMECTEHE, ERLE, TORK W ENT proMMP-9 B%#4% 2 KA oF
B, TEF AL LDL ®EViAZzix, 7 /%  ELISAETER LR, C60(OH20)FM
F. A 7 ahFIcLVFERER, 22 b T pro-MMP-9 O3 WHAEEIo#nd = &
a—CK LCHEICTTELE, TEFL UL, 205t LDL iCi3EE
{t. LDL OBV AFTRIFH A AR KEL iz ERBALMIR -7 (Figure
BT -S>TRETHZENHAKHLE 6A)., FlEkiz~=7 77— T® Tissue

(Figure 5C and D), LOX-1 EEEE DO EH factor mRNA ¥ 8. # RT-PCR¥ETRET L7
iZ=A 7 BRFIZ L > THEINRZVD, R, B LDL o FECEFE2L
FHELDL #FMT 5 FHEIN/, - T,  C60(OH2)FAYIZ mRNA BHEATTET
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HEMMB R S5z (Figure 6B),
Figure 6
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ol ) o 45h ahe whick adum

i) cdtind kv domdy lpqmencs (is-LIN ()
*-Mhp“lwu—:—
e ik fx TV swaw

8

CB,i¥~ 7 u 77— iox LHIRESE 27
feipnolzxt LT, C60(0OH24) iR R TF
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U EoTHHEE LDL L3tizi@+5 L
CB, C60(0OHz24) P FE {17 # | Z Ml B b 5
. WAV EAMRET S Z LA S
W72 7=, Bt LDL i3BhARRE( L RIE I Z 8 <
BELTWDZ LB LMNITRS TSR,
Z OFEBRAERIZM Pz S BT RTEET D
LvrzoZ7y—UnHMAEEIN, B
LDL #HYiAteZ LiZ k- Tiakkd 5
AIREME AR U7, T /B A B
RICIERT20R BT, v 77 7—v
CHIEMA L, MlaiEE R . ShiREE LR,
7T — 7 OWkE, m/ARIEME(E, 3 X0
RIS T 5 RIREEA RET 5 b0 T
b, /a7 r—TVERTERLES
RFOREINEMIROBELY BH
1/1000 TH Y . Mld~DEENLZEE LS
;‘{ﬁ)hﬁ:o

4. A—KRr7Z7 v (CB), K&tE7 73—

wy ) (A), b BONA v catacsad
Tp’n_mnnpm-msm-pmn—a

L > [C60(0OHz24)] o 1L /1> A £ B Jits {2
*THERZBRM LK,

AW D —# X, Circulation Journal
2007;71(3): 437-444 \Z B HFH» TH D,

1) ADP O fu/MREERISIZR ST H 0
— R TFvs, KBTSV
v DIEA

a7 — 4 v O/ NMREEE R G R
TAHEI—RTTo7, KEET
S—LrofE

il

T b= 2o/ NRERE UG IR
THH—FRTFv7, KT
Z— L DOEM

SRS
1) ADP @ v %X f/MREERISIZXT
% CB,C60(0H24) DEF
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ERETT S0, il E 8 MR ERE RS
RELEBEBEHVTHELRE, DT CB,
C60(0OHz24) (% 5 pg/ml) O/ HRIZET
HEERNREREZBT Lz, 20#R, CB,
C60(0OH24) & 1, 1= HAMM T b of /) R B 5 S
ZRIIRVIENHBA LR (Figure 1 =
&), ¥&iZ ADP @ ffisMRERE OG0t 35
CB, C60(OH20)DAHFSN R AR LIz, &
DFEE, CB (100 pg/ml) X ETHHH
ROWRETSIRMoT, FHIZXH LT,
C60(OH24) i BERAFHIIZ ADP @i/ \i
BHERICERE L (Figure 1 TX), KiZ
C60(OH24) DARF LN F D A 5 = X L& it
TA5-HDADP ZA/EOT o FI=A 13
BFrub P Uo T 2ERERE LT
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CB, C60(0Hz24)®F / hiF B 1 i/ ke
BRI EZRET SERIZED N - T,
L7 L, C60(OH24)13 ADP (2%t 2 1/
BERISOMBEMREET HZ LRHAL
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BRI dEZBELLNTWS, Zh
ETOEBRERNLEZD L, F /R0
MERNEMIE, ~7n 77— f/hMRiz
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HY | HENRERIILVRNELEZ BN,

5. 3—R75v2 (CB) OF v bicH
5 AR A EMERER 21T, DR
L O 2 RERT B,

AMFFEiE. Circulation Journal 2008, 72
(1)144-149 ICHBF TH 5.

(308 17 %)

1. A—Rr 75 v REE

PIREERE A DR S 5 R e 2RI E o
REkL LT, A—R7F942 (CB) IR
AR A THENT S OEHES (FE 99% L4
E. #EEHRS (F—0, CoFHE) ZiTL
AMEFERLTWRW) | 2#FMAL. CBD¥
AIZIZF R b7 4 —%— (MODEL DF-3,
SHBEHERAST) 2RV
BEIHECBIXZ, 7V KEUHEPA 7 4 L
Y—% il LIEEREBNOEXRERA., R
e, WAMBGET ¥ o —EHA HEH L
7co CB O3 AREITIH 15 mg/ms TIT- 7
(Figure 2). CB O WHPRIERSAITHK 111.4
nm & 7257 (Figure 1), ZO%H{T—H
6 HffE, @5 B, G530 AMZ v hios
LgE L7,

R R EBRI T HE A b B AT AR
HHEEEFOSZ > MO TERL-,
Figure 1
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