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Figd, Carbon black (CB) induced cyistokic injury in human wabil-
ival vein endetbehiat colls THUVECTS) in 2 dose-dependemt manaer,
HUVECs at ~90% confleence were weated with CB (110G ge/mi} for
24 h. Lactaw dehydrogenpse (EDH) relensed into superatant was
measured and maximal EDH reloase was assessed by freone—thaw
Iysis of cells. Cytoxivity was expressed relative o maximal LRH
rekease {n=6-8),
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4) ULALY Ty MEERWEH
fa%E, LEFTF MLICED5ERE
DA
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1) KBEWE7 5—1 > {C60(OH249)} A&
I N R I B0 B iR 2L

KT 5 —1 > {C60(0H20)} GRIX 7T

TVADAT L) R TR T &

#x(UPA-EX150, Nikkiso)lZ&Z D #97.1 nm

THdHZTENHBWAL L. HUVEC T

C60(0OHz4) (1-100 L g/ml) Z 2 4 KAl
& LS R, CB 056 EFkIHMIEE R
BIBRR. HlEEEEE ORE—1%, Mgk
BEOR NN ZEBEIC L VBRI N
(Figure 1)o ZOFERELD,. CB LFEERIC
C60(0Hz4)H HUVEC i3 U THll g E 2
FIERITZENRI N,

Fig.1

Figure 1. Representative photomicrographs of HUVECs
treated with hydroxyl fullerene C60(OH24). HUVECs at
~90% confluence were treated with C60(OH24) (A and E: 0
ug/mk; B: 1 ug/ml; C: 10 ug/ml; D and F: 100 ug/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.

HUVEGCs at ~90% confuluence were ftreated with
C60(OH24)(1-100 pug/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<0.01

3) KEMET S—L ik B WST8 (ki
M N5V A% &R LER
BAfEEREsE D2k

C60(0OH24) D HUVEC 1239 % Ml 8 sERE

LA BT R, C60(0H2d) (1-100

(g/ml) YRR TR M o mE I Ao 5

MRS Niz. BT C60(0H24) DIREEM

100 gg/ml THEI> hO—)L & kLT

) 4% IBIED IS T Nz (Figure 3A

and B).
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Figure 3. Fullerene inhibited cell growth in HUVECs.

HUVECs at ~30% confluence were treated with

C60(OH24)(1-100ug/ml) for 24 h. (A) Representative
photomicrographs are shown (a: at start; b: 0 ug/ml; c: 1
pg/ml; d: 10 pg/ml; e: 100 pg/ml for 24 h). Scale bar: 100 gm.
(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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IR WHIRZEEFAE L., MRRNESE

DAEFF ULz RET 5,
C60(OH4) I & B REE, ML Y K
=Y AR KZNDEMNZE MR
caspased ORBZTVIAY 70w MNE
WL DME L. DR, HUVEC dim
TEREIC K DIEHEALSY caspased &F D&
B TH DR PARP DR I NZ DT
LT, C60(0H24) (100 1 g/ml, 24 h) THL
& L7z HUVEC 13/& /LS caspased &7
R3] PARP 3B H ¢ LRI S o
2o TORERDES. C60(OH20) T L B
HUVEC O#fiIE%EIX caspase3 Zh I 7z
ZEMHBMNIIE o7 (Figure 4).
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actin

< PARP
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actin

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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C60(0H24)LE% D HUVEC ERE DY
FFALETOTT Y —LOBRENE Z R
L7z, ZOkE%E. HUVEC OffilgNEE
i3 C60(0H20) DB AT TEFF >
LR RESND ZEPHENER D T

(Figure 5A). XIZ, C60(0OH2023 7 105
TV = LAOBEREEEHETANEN TR
AUEKER, o077 —ADQ1lEFF
LR E D RIEEICIIRE L W &0
5 MMZ 780 7= (Figure 5B). LA EOREMN S,
C60(OH2) TR E KR FMIC HUVEC ERE
DAEFTF M ZEEL, BRI ESF
FALEBENREEET 2 RN R
SNz, LALENS, EHEOIESFF
NMEOBFEBIITOTT Y — LT ER T,
FANOBREICT LB IEFF MLEEHEDOE
e HUVEC OMIlasEZFE T2 2 & %
~UTz.

b
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Proteasome activity (fold)
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Figure 5. Fullerene treatment induces polyubiquitilation in
HUVECs. After HUVECs at ~90% confluence were treated
with C60(OH24) (1-100 ug/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 20S
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 o controls

(n=3).
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D—RIBEY ORI E S — b

77 OO ERERBOZEL
C60(OH29) ULE (100 1 gml) IZL> T
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FFAMEBLOENS— R T 7 TV — LRE
RANICEEERET S ENHBBAL &

(Figure 6B-C),
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Fig. 6

Figure 6. Ultra-structural features of HUVECs treated with
C60(0H24). HUVECs were treated without (A; Control) or
with 100 ug/ml C60(0OH24) (B-D) for 24 f. N; nucleus.
Arrows: vacuoles with phagocytotic function, Scale bar: 2 yum

(A and B) and 500 nm (C and D).
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5 A RIS RIZ & Nz (Figure 7)o

Figure 7, Fullerene induced the formation of autophagosomes
in HUVECs. After HUVECs at ~90% confluence were treated
with 100 ug/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.
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!

Passage 4 ! Passage S
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Figure 8. Chronic effects of low dose fullerene 6n HUVECs.
HUVECs were treated without (Control) or with 10 pug/ml
C60(0OH24) 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
days. Representative morphological features are shown. Scale

bar; 100 #m. Arrows show timing of splitting,
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2) EHMEREARBEY S — L >
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— 2 DI AR TN AR
A
KIREXRAE7 -1 > (20 ng/mD) T1
ORI~ 7O y—URIELZE, %
ERSITHR LR, 2 4RHB O
FREIZIEa > b o—)b, C60(0OH29)4LE &
HIZRL, ZRIBRSNAP o720, 10
H®D C60(OH20)LBIZE D, vrT ¥y
— P ORINEREBIRIEME LA SR L,
hesox o707y —DTT 73V — LK
BB EEERIND Z ENHEHL &
(Figure 3 A a-d), Z DOHiifld % 3 AT Y
L&A, BIRICY 73— LARERIEA
WAy C60(OH2) R RBYICHER I N/
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(Figure 3 B b arrow heads).
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C60(OH20) B TIIA 1 IV L w B O THA
S NJzino 7ot Mk LDL Z R ERNS
% & C60(OH24) DIRBERFRNTA T IV Ly
RO DT FIVHEEKL = (Figure 4 Aa-f),
I S ICifEkEE %2 LDH (&M TRIE U 2k
. C60(0OH24) E&{L LDL 2’ HEFET D&
C60(0OH24) D BE & 17 FO VT HH Rl 25 28 8
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WKL R T B Z ENYIAL 7= (Figure
BAa-c). FFFICHIkIEmEEERE WTS-8 THI
LRt R, C60(OHza k77 RYIC MR B IE
WIS % 2 &A% o 7= (Figure 5B) .
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MUK 2 AgE L. COBERTIC
DS N proMMP-9 %Y R4 v F
ELISAETER L =R, C60(0OH24)%RMN
T proMMP-9 O/MBAERICHEINT I &
AL f. & OMEE L LDL 12
INBNWIENWHS NI (Figure
6A). MR/ 0T 7y —TD Tissue
factor mRNA F§3 % RT-PCRILE TRt L /=
R, B LDL OF®EICEFRR<
C60(OH2MEFINIT mRNA FEHMNTTEL
7z (Figure 6B).
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BETAEX707 7 — DRI E S N,
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BIREEACER. 75— Ok, /AR
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RS N7z,

4. h—R>TFvr (CB). KEE7 S
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1) ADP Dif/MRBE RIS % 7
—RT Sy, Ko s5—1
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H
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5=V DIER]
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1) ADP @D H F /MRS K IZH 3
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CB, C60(0Hz4) D 7Y F M /IMREEE KIS
ERETT D72, A BB /MR RO
WEHEBEZAWTHELEZ. BYIC CB,
C60(0H24) (&£ 5 wg/ml DIu/NRIZHT
HEENRERZRE U, TOEE, CB,
C60(0H24) & 1T B T /IMREE SR SIS
RIS AL (Figure 1 L
). KIZ ADP DI /NMRESE RN R T %
CB, C60(0Hze) DR M LTz, F
DFEER, CB (100 pg/mD VWEERETHH
RRERIBM -T2, THIIHL T,
C60(OH24) /IR R FINIC ADP O lii/IMK
BB 22 U7z (Figure 1 TR . KIT
C60(OH20) DHHFEINR D A T3 = X b &gt
T 5720 ADP ZBEDY U F7 TZA N
BFroED T EAzRE Lz,
ZTOHR. 2 mM OEBFI/IODED LT
80 % LA b i /ANREEER SR 28 & e A
(Figure 2 LK), C60(0H24) (2.5, 10 «
g/ml) THIMETZ EHEBRF I/ OED (@

.14.



mM)DHERIH 30 %D T B &N
HIEAL 7z (Figure 2 T,

ERFIREV VL ORERGAT

i3l ~ 0
[ ~
P
. o7 e f 0.04mM
HE % <

o
3 ¥
» L . 2mM
10 [ - !
e 1 4mM

0 10 20 40 80 ADP{mM)

CE0(OH24) [T L B3 RS HEHIHIIZ

()

»
0
HE Yy [ C60(0OH24)
o — e = 10 pgiml!
» . "
n % 2.5 pgiml
ta 2 g (=)
...... %
I
] 10 20 40 80 ADP(mM}
Figure 1.

CB, C60(OH24) M M/MRSEE R o3 HRIESHR

120

10D

80
/ - ADE
50 ®oow
e i

40

HBE %

20

20 40

80 ADP{mM)

CB, C60{0H24) D M/MREFBITH T HIREHR

)
30
0
K 600
60 -
4

Con 25
BE % ceoas (ggimi)
~B- (66 50
~~CB 15
0 1 2 4 8 ADP{mM)
Figure 2.
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> O M /REEE K 2 {6 B /ER 2R D
ZEDVHERL, HFIZ CB A% C60(0H24) & D
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MR 0% I X Nz (Figure 4) .
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