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[(FEE] B - RHBHk P R 4N B PR 55 08T /N BT 41 ATDCS WA T- RS . 735« SR s & 00 i I e ik o
Zi 8 (human umbilical vein endothelial cell, HUVEC) #hiA, K F Western blotting A5 0l #h i (4 5 75 26 (1 B8 5 S8 3L (K 101 (tumor
susceptibility gene 101, Tsgl01) . FI40MELHTIR 9 (cluster differentiation 9, CD9) . I T-AIEEE N 2 HAEHE 1 X (apoptosis linked
gene-2-interacting protein X, Alix) AYZFRIEKF. EHHREWEIMBATER , KBRS 8 S A I/ o A 2 i BB WL A M R
JNER AT AR E A ATDCS SR BGS FEFITE 4 (reactive oxygen species, ROS) AYAEMUIE AL . TUNEL 42 A =S 4i i A I A& X 11 410
Jfifr#-1p (interleukin-13, IL-1B) HI# T A ATDCS 4l T ARG . Western blotting Kl SN KRS T ATDCS i b | T4 C & 1 B
W EL 21 iR 2 (B-cell lymphoma/leukemia-2, Bel-2) . Bel-2 #5¢ X & 1 (Bcl-2 associated X protein, Bax) . Z4fif 192 ik K 4 filf 3
(cleaved caspase-3, c-caspase-3) FIHLE LI ILAH I IR T E2 M5 72 (nuclear factor E2 related factor 2, Nrf-2) . Kelch FEFRAR
S BEMEE T 1 (Kelch-like ECH-associated protein 1, Keap-1). [MZLZFE N5 AE 1 (heme oxygenase 1, HO-1) . i 55U AR fie A N2 s
T AT IR E AL iR I 1 (NADPH quinone oxidoreductase-like protein 1, NQO-1) Fik/KFH M, £ R - iF 5 A6 gL F)
HUVEC SR (W AMB R ZMGEIE , thas, BUZBE, IF BRI PERKIMNB AR EY CDY. Alix, Tsgl0l, 5 IL-1B R T 19 ATDCS 4 A
o, AMIARE S AE TR R A ATDCS 41 ROS HI 42 A% (P=0.000) AP T-AY % 4= (P=0.000), Bax. c-caspase-3. Keap-1#ik
JHE . Bel-2. Nrf-2, HO-1. NQO-1 R, Z5iE - HUVEC H U 19 SN B R W] BE 1l ik 90 i ATDCS 4 J 4t AL BB )y, e
IL-1B ¥4 ATDCS 4 11 & 2
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Effects of exosomes derived from human umbilical vein endothelial cells on apoptosis of pre-
chondrogenic cells stimulated by inflammatory factors
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Department of Clinic of Spine Center, Xinhua Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai 200092, China

[Abstract] Objective:To investigate the effect of exosomes derived from umbilical vein endothelial cells (HUVECs) on apoptosis of murine pre-
chondrogenic cell line ATDCS cells under inflammatory stimulation. Methods- The exosomes derived from HUVECs were isolated by using an exosome
isolation kit. Western blotting was used to detect the exosome marker proteins, including tumor susceptibility gene 101 (Tsg101), cluster differentiation 9
(CD9) and apoptosis linked gene-2-interacting protein X (Alix). The morphology of exosomes was observed by transmission electron microscope, and the
size of exosomes was identified by particle size detection. Fluorescence microscope was used to observe the ATDCS cell uptake of exosomes and the
production of reactive oxygen species (ROS). TUNEL staining and flow cytometry were used to examine the effect of exosomes on ATDCS cell apoptosis
stimulated by interleukin-1p (IL-1B). Western blotting was used to detect the effect of exosomes on the expression levels of ATDCS5 apoptosis-related
proteins such as B-cell lymphoma/leukemia 2 (Bcl-2), Bcl-2 associated X protein (Bax), cleaved caspase-3 (c-caspase-3) and anti-oxidative stress-related
proteins such as nuclear factor E2 related factor 2 (Nrf-2), Kelch-like ECH-associated protein 1 (Keap-1), heme oxygenase 1 (HO-1) and NADPH
quinone oxidoreductase-like protein 1 (NQO-1) under IL-1p stimulation. Results-Under the transmission electron microscope, the HUVEC-derived
exosomes were oval, hollow, double-layered, and positively expressed exosome markers CD9, Alix and Tsgl01. Compared with the ATDCS5 cells
stimulated by IL-1B, ATDCS5 cells stimulated by IL-1p incubated with exosomes had higher level of ROS (P=0.000) and higher apoptosis rate (P=0.000).
The expression of Bax, c-caspase-3 and Keap-1 increased, and the expression of Bcl-2, Nrf-2, HO-1 and NQO-1 decreased in ATDCS cells exposed to IL-
1B and exosomes compared to ATDCS cells only exposed to IL-13. Conclusion- HUVEC-derived exosomes may promote ATDCS cells apoptosis under
the stimulation of IL-1p by inhibiting the ability of ATDCS cell to resist oxidative stress.
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HXATR (osteoarthritis, OA) &R FRELH IWLAY T
PRI o EAGE , 24 10% 09 T3 PR R 13% B9 2o VA 60 % L) |
SR OA M. T A H A FIE EAE 1 3% £
OA R IRZM AW N . OA B3 5 A & #ow itk
FIMEREIR . CT RO . ATBhRE e 5 B Bom a2 4K
i ME— A, 7E OA KR it fEh & &tk 2 Rh s
b, NG BE AN 5 WARE JT R BICAE L AR A M Y S R O
To. RAESNSF 5 OA h R B A OC 00 BRItk 4Rt
BT AN L 2 RE B AT 1 WL A BY T OA 2B AIAYT . OA
B EREA AR R RAE M R A, S R S i i
B, H4EAZE-18 (interleukin-1B, IL-18) AK{EH B
MIVERT, TS AR S A RE A BRI SRR E2 (prostaglandin
E2, PGE2) M—% L% (nitric oxide, NO) “5HBHOM
TGRS 7o AINUAMAAE SRy A 9 e A b S Bl A i
4 50~100 nm (336, EUABRBTSUZ LSS H, AT LA
IF) 9 0 B 28 0 R, O 8 i ) 7 4 R £ e 3
YEM o AMIMATT LAFE LR B I PR E AR e 1, ok
MR R, SMIMAS 5 OA L RGBT KGR
BRI R o AN IR I SRR PR W] DL R ECa e
SiE, ARG R PR AR PE RO IR U0 A P R A A
MR 25040, HAr I AN AT Z i i & A 4 e
AELAEH, GBI BTSRRI 1 (H A N B
B AU B AR TE OA T i/ E AR A PRABIRIE . A5
I FH TL- 13 ST 200 40 M 2 57 OA IARAIMEERY , FRE I 45
DAL B2 A A3 0 () A IAKT T O A Y SE I

1 HES5RE

L1 S

DMEM = i 4i i s 57 W A 3¢ [E Hyclone 3 Al , G 2F
IiLE (fetal bovine serum, FBS) 1 H I [E Gibco /A F], IL-
1B H EigsF N AEE AL A, WA (reactive
oxygen species, ROS) a0 & [ o0 25 B WrRhEL
v A, RIPA 2 W . BCA KX Fl & . B kot
(electrochemiluminescence, ECL) B2, 4% LR H
652 ¥ . Annexin V-FITC 4l fg i T- K55 & . C1090 —
Ao R i JI8 SE AR AL R S F Bl A 19 dUTTP B3kt 11 R b i
7 (TdT mediated dUTP nick end labeling, TUNEL) Ziififd {4
ToRINAR G . FPRTIAMER R i A LEE AR
HEWEARE, AR 9 (cluster differentiation 9,
CDY9; 20597-1-AP) . 4 T2 M1 & £ 2 HAEH B X
(apoptosis linked gene-2-interacting protein X, Alix; 12422-
1-AP) . e 5 & FE K 101 (tumor susceptibility gene 101,
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TsglO1; 14497-1-AP) . 2L (19 2F B K & W 3 (cleaved
caspase-3, c-caspase-3; 19677-1-AP) . BiKEL4HJERI 2 (B-
cell lymphoma/leukemia-2, Bcl-2; 12789-1-AP) ., Bcl-2 #2%¢
X £ M (Bcl-2 associated X protein, Bax; 50599-2-Ig) .
Kelch BEAE AN BEM K E A 1 (Kelch-like ECH-associated
protein 1, Keap-1; 10503-2-AP) , #% K E2 1 KK+ 2
(nuclear factor E2 related factor 2, Nrf-2; 16396-1-AP) ., (-
actin (66009-1-Ig) iR H 5 [ Proteintech /A &), Ifil£1 2%
Jn4E M 1 (heme oxygenase 1, HO-1; sc-390991) . ifs JF7I
ORI T fre e M — A% 1 R Tk 8L 1k 16 )58 1 (NADPH quinone
oxidoreductase-like protein 1, NQO-1; sc-32793) Hiikl A
2% [ Santa Cruz 28 7, &AM 5 B 5 & W A 22

Invitrogen 23 F .

1.2 Ik 3

NI A
endothelial cell, HUVEC) . /) BUHT4K - 40 i #k ATDCS 1
H ATCC A ). AR 3 Tt 2R 95 (DMEM & il ks
FEW, % 10% FBS. 100 U/mL #% % % . 100 U/mL 5% %
) th, f£37°C. 5% CO, M8 F##bF, 3234
HRAR A A G A i . o HUVEC 5 #LE: 9% 2 40 i 2%
JE 3k 80% LA I B} B4y JC if 7 DMEM i 32 0k, 4k 4
Hi 9% 48 h e WU A I R

(human umbilical vein

1.3 Ahiik oy S % e

1.3.1 MBS B W 2x107 4 HUVEC 1Y 85 3%
W, Fi BN & U o B AMIAR . 4 °C L 500xg B0
5 min J5 5 LW, 4°C. 2000xg .01 h)5, EFDL
VE, W EWEWE . 5B A i S AR
BORIRAG, 4°Cidi., 52 H, 4°C. 10 000xg &> 1 h
Ja, EBELER, 1 mL EEBERRELZE Wi (phosphate
buffer saline, PBS) #EVLIE, FHK4°C. 10 000xg &5.0>
70 minJ5, FF LW, F1200 WL PBS A DLTE RN AT 4545
AN

1.3.2 BEHHBIWEINMATES  BOR BER HU SM IR AR
B0 wL, IR, SRS TR, iR
WA E Y. WS #ES s (3518 Delong 24 H))  EAILIK
BEIFT LR

1.3.3  GORPURRE AT HC100 pL ZM AR, H 1x
PBSFi Bt 10 fi5 )5, B T e Ml 5 i Ak BE AL GBr vt >
Izon Science 2N F]) KGN AR AR AR 4370

1.3.4  Western blotting £ U ZF AMAFREY) 17 200 L Fb
ARSI I B A B LB A 70 () RIPA 249, vk b
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U7 30 min J5, 4 °C. 12 000 xg #5.0> 10 min, B 5.
BCA WL 85 P B i o BGE Bt Sx b he AL R i R N
WWENEEE IS LYk (SDS-PAGE) #E 1 EREZE whil, 100 °C
F10min)5, BWHPIEIE ., #&BEEL20 pgHARM L
B, BEE 80 VLR LYK 30 min, JHEHEER] 120V, fF
V5L i A B I ISR 1k LYk . % PVDF i, B 5%
70 min, ffiH 5% BEAG A4 W5l EH 1 h, —$HLCDY (1:
1000). Alix (1:1000), Tsgl0ol (1:1000) 4°CHFHE
. Zht (1:2000) EiRMFHE 1 h, ECLR )5, B
6B IRAFEE

1.4 Shi A REIa g

i FHAR B J5 11 PKH26 2t Y4kt (32 Sigma A F ) ,
FE 51T A 20 WL A A (4 8 IS AU 53T G 4, 5 min
Ja . M A ZERTL10% B9 4F L3S M & 1 (bovine serum
albumin, BSA) Z¢ 1Ry (o )5 FAESMBATIE ., KGR
(AN IAA I A B ATDCS B F2 W Hh 4303592 3 h fl6 ho Ff
IR, BRI MR IR LS, PBSIEYE;
A 4% Z R W EEEE G 2 )5, DAPLYZHMIAZ, FHIK PBS
BEUEs MASCIOEEIGH, 2Ot RS (12 Leica 24
H) WEATIHE

1.5 4l 4l S b B s ik

¥ ATDCS 41043y J s FAXTIR (NC) 4, TL-1B 4 |
IL-1B+50 wg AN A4 . IL-1B+100 pg AP AL . B T
NC 414k, M A 10 ng/mL IL-1B, il OA &4
B HP IL-18450 g AP R4 A IL-18+100 g 41 414
H, FIBIIA 50 we M 100 g SMNBA, FEH 24 h,

1.6 4K ROS K V44l

¥ ATDCS 43555 T 6 LA I, Fr 4 M2 1 60%~
70% I, 43 HA 500 pL PBS. 10 ng/mL IL-1B. 10 ng/
mL IL-1B+50 pg /MMA . 10 ng/mL IL-1B+100 g ZMBA,
fEM24 h)m, FEAUMEE IR, PBSTEM, IMA2,7-2%
TAUIEE T LWRBE (27, 7-dichlorofluorescein-diacetate,
DCFH-DA) ZEGHREN 6 Y 4 30 min, PBS ¥RV JG 94t
BB AR A5

1.7 AR08 e

1.7.1  TUNEL # il ATDCS 40} 8 7= i f — & &
TUNEL 4t 8 745 550 S D A AL 7. ATDCS 4t ffg
e LR A AL PR AL SR R S, RBRIE SR, PBS Uk
B, 4% Z R WRETE E 40 30 min, PBS VS 1IKJS N
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A UPE Y (6,58 ) 38 3% T 2 R E S min, PBS PR 21K,
T BC 4 () TUNEL K U 37 °C il 9% & 60 min,
IF 45 RS PBS R 3 WK, JFliH DAPIA&Z Jedfiffif, »¢
6 e R 2 R
1.7.2  WARAMAKEI ATDCS 40MIT-  ATDCS 4 %
BN 61004 /mL R T 6 LA, BRzs IR CREEFTE
] 4b # ) Fl Annexin V-FITC 1 filt fk 7§ & (propidium
iodide, PI) BAYLAh, A4 A34H: IEHWXTIEZ4] (Annexin
V-FITC fIPT Y ) . 10 ng/mL IL-18 4, 10 ng/mL IL-1B+
100 pg MIAAZH . WEE 24 hJ5, PBSYEL2UK, 0.25%Ji
B, 2RSS, 300xg B S min, WCAELNN; AT
Y21 PBS TN FHA B3 LVEIR, A 200 wL 455 2% v
WEVEA0M, SN A 5 pL Annexin V-FITC #1 5 pL PIIR%T,
IR EOEHEE 15 min 5, W40 (3€ [E Beckman
Coulter /A A ) K 4 A5 1 AN g S 08 A5 00

1.8  Western blotting il 5& 41l it v 94 72 28 F1 R HU A AL B3
MOGENRL
Fie 1 IR A b B 515434 T 11 24 h S CE AL, PBS
VR 2 UK, IS A 1 R Y RIPA 248, UK
24 30 min 5, FHARAMEEI )W N 2SN, B,
P M SR T, HC10 WL 2R IR, R BCA 4R
HE S, EEFEM (20 ng M) T 12% SDS-PAGE
BEE Loy 4. —HiHO-1 (1:1000) ., NQO-1
(1:1000), Nrf-2 (1:1000). Keap-1 (1: 1 000) .
c-caspase-3 (1 : 1000) ., Bel-2 (1:1000), Bax (1:
1000), 4°CHFdl®&, ¥ H TBST 2 hil F vk 5 — 4t
(1:2000) ZHEBFH 1 h, ECL N ML R G- 7745 5
BEFT 5T o
1.9 Hil“Fahr
K JH SPSS 20.0 1A% £ g AT AL B . A OB
xts Fon, ZAN BRI B B 7 25001, AL BT L
BRI ST BEAS (K. P<0.05 AN 2R G5 X,
2 BR
2.1 HUVEC R IEAP b 10 85 FFE Al
7 5 R B T AT AWEE R HUVEC 43 W A A A S BRI
JUZ BEAL I U ORI ZHEROE B FE (B 1A) . FIH
Western blotting 7] £ il £ 1 & (4 b5 & 4 CD9.  Alix
Tsgl01 iy&ik (E1B). KEE/ AR LB, HUVEC Xk
TR S ARLAR =253 A6 TE 100~200 nm (J811C).
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Note: A. HUVEC-derived exosomes were observed by transmission electron microscopy. B. The expression of the exosome markers TSG101, CD9 and Alix was confirmed
by Western blotting. C. The size distribution of HUVEC-derived exosomes.

1 HUVECSRRSMBEH EE

Fig 1 Identification of HUVEC-derived exosomes

2.2 ATDC5 4IIfi%F HUVEC S 4h i 4k iy 456 B SN S ATDCS iR F: 6 hm, AMIMATT B ATDCS 20
TG BB LS R R, B PKH26 58 E USRI FRiC Y MR E A R, e R B R E (K2).

DAPI PKH26 Merged

200 um 200 um

200 um 200 pm 200 um

2 WEHR PKH26 FRIZHISMBE S ATDCS M EEE 5% 3 h 16 h S HVIREUE R
Fig 2 Uptaking of PKH26-labeled exosomes co-cultured with ATDCS cells for 3 h and 6 h

2.3 HUVEC KI5 4 4 *F T IL-1p B13% T ) ATDCS 4 J5, 4N A ROS Rt ud esgngm s IR InA 50 wg /M4
L ROS 2k ik (149 5% Wi 110 ng/mL IL-1B #1324 h )5, S5H4fIL-18 M AH L,
ENCHAHL, 10 ng/mL IL-1B /£ ATDCS 41 /it 24 h ATDCS5 i N ROS B (A5 S FE dE— 038 m (1&13),

A % B
NC IL-1B IL-1B+ exo B
5 ®
[}
9
588 41
2 &
g% 3r
Z 2
—§ 8 1k
200 um 200 pm 0

NC  IL-1B IL-1B+exo

Note: A. Detection of ROS production by DCFH-DA assay. B. Quantitative analysis of the fluorescence intensity of ATDCS5 cells under different treatment conditions. exo—
exosomes. VP=0.000.

3 ATDC54faA ROS #7

Fig3 Detection of ROS in ATDCS cells
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2.4 HUVEC 3 ¥ 4h i 4k % T IL-1p #1384 T ATDC5 Zil i
R A
F1IH TUNEL % 0 1 3 =X 48 i A K 0 ATDCS 4t fid 4
T2, TUNEL g5 R /R 5NCAHMIL, 10 ng/mL IL-
1B I 24 h A AN TR Tk, [N 50 g A AA

DAPI TUNEL

200 um

IL-1B

200 um

IL-1B+ exo

200 um

200 um

200 pym

200 pm
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J&i, ATDCS 4l T2 — LT m (K4A . B). U4l
JHL ARG I 45 Al B . 5 NC4IAHE, 10 ng/mL IL-1B 7
24 h4] ATDCS i B - F 5, FIEHIA 50 weg sk
WMAJS , ATDCS A sl T2t — 27t (KISA. B)

o

o

S
T

=
[
T

200 um

e
=
T

Ratio of cell apoptosis

o

=

by
T

NC IL-1B IL-1B+ exo

200 pum

200 um

Note: A. TUNEL staining of ATDCS cells. B. Comparison of cell apoptosis rate among NC group, IL-18 group and IL-1B+exo group. exo—exosomes. "P=0.000.

4 TUNEL £ ATDCS 4 A8 E =
Fig 4 Detection of apoptosis of ATDCS cells by TUNEL assay

A B
NC IL-1B IL-1B+ exo ®
:QI-UL(U.SS%) QI1-UR(3.60%) EQI-UL(I.SI%) QI1-UR(9.17%) EQI-LL(S.UI%) QI1-UR(12.04%) - 15 @
10° 4 z
E a @
3 2
10* 4 =107
< 3 B
m 3 ] <
A 18 E s § 5F
3 =
2 B =3
e 2
_1gf QULLOAS | QILRO8E%) _1042QI'—]'_I'“(8"§I.31]%)'””” QULRAOI%) | _ 4(<)lll(81|77%> L QULRAL17%) =2 & b Tane
10° 100 10° 10° 107 10° 100 105 10° 107 100 10* 10°  10° 107 1B IL-1B+exo
FITC-A FITC-A FITC-A

Note: A. Analysis of cell apoptosis by Annexin V-FITC/PI staining and flow cytometry analysis. B. Quantitative analysis of total cell apoptosis rate in NC group, IL-13 group

and IL-1B+exo group. exo—exosomes. 'P=0.000.
Bs5 RMAmAKN ATDCS 4R T
Fig 5 Detection of apoptosis of ATDC5 cells by flow cytometry

2.5 HUVEC ¥ 4h 3 44 % IL-1p 8% T ATDCS 4l il 94
R ORI G 25 114 3% 1 5 i)
Western blotting £l 25 5 7R, RAE A+ IL-18 4b 3L
ATDC5 4 s 24 h A9 IL-18 20 , I T- A0 3¢ % 19 Bax.
c-caspase-3 KL BEHR NCAH T ET, Bel-2 RiFEBINC
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YUF R W05 IL-1B 4UAH L, IL-1B+50 pg &M s A& 41 F
IL-1B+100 pg #MAZ Y Bax . c-caspase-3 ik E—
b, Bel-2 B RIAHEE W FFE (K 6A) ., % Fik 34,
PUEAL R B DG 1 Nrf-2 . HO-1, NQO-1 9335 Bz
T, Keap-1£ikimziiftm (K6B).
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A
IL-1B8 - + + -
exo - ~  50ug 100 pug
Bax - L e— a—
Bel-2 — N —
P
c-caspase-3 *'
eactin | ——— --|
ONc ¢
WiL-18
g 15 o @ [ IL-1B+50 ug exo
2 (©) O IL-1B+100 ug exo
¢ 9 o B ug
Z10r o 1B,
&
8
z (6]
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&
=
& 0
c-caspase-3 Bel-2 Bax
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B
IL-1B - + + -
€xo = 50 ug 100 pg
L L ——
Nrf-2 ‘ ' G —
B-actin T G e @
ONc D
M-8

[ IL-1B+50 pg exo
O IL-1B+100 ug exo

Relative protein expression

HO-1 NQO-1 Nrf-2 Keap-1

Note: A. The expression of Bax, Bcl-2 and c-caspase-3 verified by Western blotting. B. The expression of Keap-1, Nrf-2, NQO-1 and HO-1 verified by Western blotting.

C. Quantitative analysis of apoptosis-related protein expression changes in response to IL-1f stimulation and after incubation of ATDCS cells with exsomes. D. Quantitative

analysis of anti-oxidative stress-related protein expression changes in response to IL-1@ stimulation and after incubation of ATDCS cells with exosomes. VP=0.009, ?P=0.043,
¥P=0.005, “P=0.037, ®P=0.003, ©P=0.038, “P=0.002, ®P=0.001, “P=0.009, *P=0.039, *’P=0.001, “P=0.033 ,P=0.017, “*P=0.000.

6 Western blotting # Il ATDCS 4 F A = R AL MM A X E AN RIX

Fig 6 Detection of the expression of apoptosis- and anti-oxidative stress-related proteins in ATDCS cells by Western blotting

3 idie

OAF LT R A NHF, 95 1 JR8 3] i J01 ] o0k 26 3 1Y
Az T J5T R B O R AR B R A o AR Al i AR AR
FHRARFE T, gOAHES5OARAEMERN EEA
gy, ARG T2 EE 0 OA I HERR 1), RAGE R
FIL-18 B IE 52 3 5 OA &9 w50 40 I A J 475 28
P D4 AT M TL-18 HES7. OA (RAMEL AL

VBRI AR RS 2 — I AN, RPN R &
AR S . JERAESE 1 R, HNEYZMZE
B, XTAME SR R E AR . WRA D R, ZHh
20 A U5 1 A1 AN T B B E AR R . 1R
PR30 |z B I P B AL, L5300 (R S MM KT OA
SR R A WARGE

ARG HUVEC 20 Wb 9 SR IAA X T OA & 5 A
SEMA Al AR & B O S AMIMA S 3 A SO
TE LB % B IR) s i A HUVEC S 9 SR 28 1 2ok £
IL-1B YEH 24 h G B SEG 2, =43 2 ) ROS. BEFEHF
0 R, k2 AmEE (WROS) 51 % iYL e
PR FEOA M FEFH , HAN 2455
A TR 2 Y i X A0 R T TUNEL Y 5%
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KIINCH . IL-1B 4 . IL-1B+50 pg #M A4 i) ATDCS
0 H R TR B W T, U] HUVEC 3k U5 A0 i 44 % T
TL-1B il ¥4 ATDCS 40 L () 98 T8 fE EVE o 9 Sk
B, A P — S S A R N AR B T Keap-1/Nrf-2/HO-
U553 5 #1500 T Keap-1-5 Nef-2 ZEAN 5 R 454,
B AL FABTTRA, A5 H— BRI, Nef-2 2902
FALIETI R A . TERAE . YU R T, Keap-1
5 Nrf-2 85 GBS ATE, Nrf-2 WoRich ok, HBzEgn
LA, O N U AR, DT R B B A
FER 2 AREERRTERESY 22, —LE B Anf RNA .
T 11 %5 0T DL i 5 i Keap-1/Nrf-2/HO- 1 3 #% DA Js 54 481k
M. PRI, FRATATAR HUVEC S A SN A AT L 1 5%
M) Keap-1/Nrf-2/HO-1 i %, DL 55 40 £k 7 0 M T 2 3
ATDC5 Il T- . Western blotting. ROS & 15 £ ll & 41
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