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Ze 1118 A B 5 KEAP1/NRF2/FoxOQ3 15 238 1% 101 i
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[(WZE] B :ARDZ WL A B (TSPSP) 3l A g% I %% 5% J2 40 il (HTR-8/SVneo ) 5 £k I 3 461 105 19 VE FI S5 L, T 1
TSPSPIAYT [ SR (SA)RIHLI . 773% « R B G PRECHE 2 (GEO) X SA #E47 52 K 25 B 40 BT, I 55 400 I O G 6, ) B ) 4% 24
B 25 1k 0 0k TSPSP 376 M 143, # 8  rpr 25 - 20 -0 A5 -5 7 I 4%, T30 TSPSP AR AL o A A1 36 30 52 565 3% 97 )2 4N S HTR-8/
SVneo 4 i 7 b a5 (4L, B L 4L, TSPSP & 25 Ifil ¥ 2.5% . 5% . 10% 40, #% [ 7 E, # 3¢ 7 2 (Nrf2) 410 1 57 4 (ML385,
30 pmol- L"), BRzas FIALAh, HoA LN A 150 wmol- L™ H,0, 3% 3 h#4 £ 4H i 50 Ak 1 8001 03 40 8 3 A A 2 s, 2 11 4 S AR 4
25T 10% (925 E LI L 25 TSPSP 7 24 Il 1 25 43 SN AHE I ik B2 % 245 1 v b 3, Nef2 4100 41 550 28 76 45 7 10% TSPSP 7 24 Ifil 1 1 ik
fili b, &AM A 30 wmol- L ML385, 4 A1 41 fi #E 3R 2 T K5 3% 24 h CHERE AR IE A7 5 S A0 o 40 At 38 B 0 P 4 0 (CCK-8)
TG W 45 2 48 6L T 7 5 S SR S A 0 4 S B 3 5 TR IBK 6 98 W BRE I 2 (ELISA) AR I N — 8 (MDA) Fe*” A Ik H K (GSH) &%
i WM POUIREE (DCE-DA ) A6l 48 il P9 1 4 S0 (ROS) K- 5 g 981 (1F ) 52 1 %€ O o et 3R 45 i 4 =X S V7 (Real-time PCR)
R I 200 Jit Keleh #F ECH OGHE 4R FI 1(KEAP1) Nrf2 , XK HEZR 11 O3(Fox03) 4 I Il mRNA K3k /K- 5 4 1 732 Bk 25 (Western
blot) ¥ i 41 i KEAP1 Nrf2 FoxO3 43 it H ikt &b P il 4(GPX4) B ALY LAl (SOD) H 1R iAKF. 48R :GEO K%
I GSET76862 55 GSE22490 Bk i , 22 52 3L 43 Hr 2 W KEAP1 Nrf2 ,FoxO3 5 K 24 5 95 g A ¢ ; [ 016 17 13 % U B i , 3145
9 £k 25 5 I M iK% (P<0.05) , Horb 3 4540 & H AU 3L R Nrf2 \Fox O3, 18 11 ¥ 4% 24 Bl 2 1L 3545 TSPSP i 1 il 20 4 5 246 1> (SA #H ¢
#1005 2 804 WSS AR R AR 2 154 M TE/E T A5 . IR /s KEAPT Nrf2 S840 5 B 5, BN R K (GO) 5 KEGG & 447
BT3B, 3TN0 A R 20 B AL RIS ] (Fox O F 22 B4 3% AL 2R M (MAPK) {5 53 B 45 IRAP S b, 528 (AL L Ag
AN HG 7 2 T R (P<0.01) ; S BERIAL L35, 45 TSPSP & 245 ML 41 4B 76 7 0 3% %5 (P<0.01) 55 10% TSPSP % 24 1L 75 411 tL.
B, ML385 LAl it TG )1 F B2 70% A4 (P<0.01) . 52 HA L, BB MDA (Fe*' \ROS & 1 34 1 351 =, GSH K38 T R (P<
0.01), 4l LT % % 2 2 P& I (P<0.01) , B 4] KEAP1 FoxO3 %K 1 % mRNA 3 1k /K -3 7185 (P<0.01) ,Nrf2 .GPX4 ,SOD % 1 it
K mRNA FRIKIKFBEAR (P<0.01) ; 5BIRLZA L %, 4 TSPSP % 2 1fil i 21 MDA \Fe®* \ROS & £ ¥ | ZF AL , GSH & ik L JH(P<
0.01), %% i 2755 (P<0.01) , KEAP1 .FoxO3 % 1 2 mRNA 3 35 7K -3 W i B % (P<0.05,P<0.01) ,Nrf2 .GPX4 .SOD % [1 %
mRNA 2 ik /K 17 2 T+ (P<0.05, P<0.01) ;55 10% TSPSP & 24 Ifil 7 41 b 48, ML385 41 4% 15 b 4 # 3 5% (P<0.05, P<0.01) .
£51% - TSPSP e il H,0, 51 A2 12 77 12 20 i 480 fb Bt 03 , AR HI AL T 68 15 25 W0 0% KEAP1/Nrf2/Fox O3 {5 53l A1 5%
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[ Abstract]

stress injury in human chorionic trophoblast cells (HTR-8/SVneo) , and to uelucidate the underlying mechanism of TSPSP in the

Objective; To explore the effect and mechanism of Taishan Panshi powder (TSPSP) on inhibiting oxidative

treatment of spontaneous abortion (SA). Methods: Gene differential analysis of SA was performed using the Gene Expression
Omnibus (GEO) database and correlated with oxidative stress. Network pharmacology was employed to screen the active
components of TSPSP, and a "Chinese medicine-component-target-disease" network was constructed to predict the mechanism of
action of TSPSP. For in vitro validation experiments, HTR-8/SVneo cells were divided into blank group, model group, TSPSP-
containing serum 2.5%, 5%, 10% groups, and nuclear factor E,-related factor 2 (Nrf2) inhibitor group (ML385, 30 pmol-L™").
Except for the blank group, other groups were stimulated with 150 wmol-L" H,O, for 3 h to establish a cell oxidative stress injury
model. After successful modeling, the blank group and model group were given 10% blank serum, each TSPSP-containing serum
group was treated with the corresponding concentration of drug-containing serum, and the Nrf2 inhibitor group was additionally
given 30 wmol-L"' ML385 on the basis of 10% TSPSP-containing serum. All groups of cells were continuously cultured under the
above conditions for 24 h, and then samples were collected for subsequent detection. Cell viability in each group was detected by
CCK-8 assay. Cell migration rate was detected by scratch test. The contents of malondialdehyde (MDA) , Fe’", and Glutathione
(GSH) were detected by enzyme-linked immunosorbent assay (ELISA). Intracellular reactive oxygen species (ROS) level was
detected by a fluorescent probe (DCF-DA). The protein and mRNA expression levels of Kelch-like ECH-associated protein 1
(KEAP1) , Nrf2, and forkhead box protein O3 (FoxO3) in cells were detected by immunofluorescence (IF) and real-time
quantitative polymerase chain reaction (Real-time PCR). The protein expression levels of KEAP1, Nrf2, FoxO3, Glutathione
peroxidase 4 (GPX4) , and superoxide dismutase (SOD) in cells were detected by Western blot. Results: The GSE76862 and
GSE22490 datasets were obtained from the GEO database. Differential gene analyses showed that the KEAP1, Nrf2, and FoxO3
genes were all associated with the disease. After matching with the oxidative stress pathway, nine significantly differential pathways
were identified (P<0.05), among which three contained the target genes Nrf2 and FoxO3. A total of 246 active ingredient targets of
TSPSP and 2 804 SA-related targets were obtained through network pharmacology, and 154 potential action targets were obtained
after taking the intersection. Topological analysis showed that targets such as KEAP1 and Nrf2 exhibited high degree values. GO
and KEGG enrichment analyses indicated that the intersection targets were mainly involved in oxidative stress response, FOXO and
MAPK signaling pathways, etc. In in vitro experiments, compared with the blank group, the cell viability in the model group was
significantly decreased (P<0.01). Compared with the model group, the cell viability in each TSPSP-containing serum group was
significantly increased (P<0.01). Compared with the 10% TSPSP-containing serum group, the cell viability in the ML385 group
decreased to approximately 70% (P<0.01). Compared with the blank group, the model group showed significantly increased
contents of MDA, Fe’*, and ROS, decreased GSH expression (P<0.01), significantly reduced cell migration rate (P<0.01), and
increased protein and mRNA expression levels of KEAP1 and FoxO3 (P<0.01), while decreased protein and mRNA expression
levels of Nrf2, GPX4, and SOD (P<0.01). Compared with the model group, each TSPSP-containing serum group showed
significantly decreased contents of MDA, Fe?*, and ROS, increased GSH expression (P<0.01), significantly increased migration
rate (P<0.01) , significantly decreased protein and mRNA expression levels of KEAP1 and FoxO3 (P<0.05, P<0.01), and
significantly increased protein and mRNA expression levels of Nrf2, GPX4, and SOD (P<0.05, P<0.01). Compared with the 10%
TSPSP-containing serum group, the ML385 group showed reversed trends in all indicators (P<0.05, P<0.01). Conclusion:
TSPSP can inhibit H,O,-induced oxidative stress injury of trophoblast cells, and its mechanism of action may be related to the drug
activating the KEAP1/Nrf2/FoxO3 signaling pathway.

[Keywords] Taishan Panshi powder; spontaneous abortion; Kelch-like ECH-associated protein 1 (KEAP1)/
nuclear factor E,-related factor 2 (Nrf2)/forkhead box protein O3 (FoxO3) signaling pathway; human chorionic trophoblast;

oxidative stress injury
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i, ZBINEAH(TSPSP) R AS HE HA K
HE CYIH IS AAT B E S ROk
WA= 12 WR 25 4 28 005 ), A 2 ASOME IR L5 Il 22
MG I . %07 7E B iR RSA 2 4 JK Vi 7= Jr T 97 %
Y0, J0 I AE W T8 N B 2 M AR E AR i
Az K SRR G R B A L T IR
W 5E & B TSPSP ] AR AR K BN G R, I8 75
R i LT G 8 5 TR I R ARG R 7 K BRI T AN IR
£ 45 B HOBK (GSH) | # AL W B fL 1 (SOD) .
T (MDA) 1Y 235, T R AR N B 1, (3 B
BLH A BB

N GK 6 B5E 38 3% 2% 40 1) BR 3S 6 F 4E RF OE 4T
IRECEZ, LG T SRS LT W, i
M5 &ML T ST R A 5 02 40 it 9 4 Ak
5Hi A A 2 A S5 3500 P A (ROS) i B BB AR
A, 5 SABE UM, T HAWE ST 2 B, Ak N g
X AR P B 3 R E AR 25 SA K
B R HE i E R R 2 A
Pt A AL 10 00 e 1 5 G B 41 4L A B A R K T g
BYIH G, Z B IR SA M CEALH Z —. XSkHER
F1 O3(FoxO3) 1 Jhy 4 JifL N B 22 1 4% s X7, 4 40 i
38 AL, R R AL AR, Sk
J I TC A (ARE) 45 & Ja 3 — & 51 T iife 58 5 A 1) %
SRR,

TR ZH T 28 R P SE I IESE T TSPSP X SA /Y
BIT AR, HiE] Keleh B ECH ¢ BEZE 4 1 (KEAP1)/
iR T E, 40 5 1 2 (Nrf2) 3t 48 Ak 38 5% W s
PG B Al b, A T 50 3 2ok i PR A5 40 2R X SA EAT AR
R 2% 5240 0T, 915 Ak R A DG B, 1532 FH ) 45 24
B2 gy vk i — 20 a0 B S R A R E(H,0,)
TV R V2 A R T R R A 3 AR 4 AT 2 i 4R
b I A 105 2 78 % Ay T AR Ak, S0 TIE TSPSP J2 75 3 i
8 ¥ KEAP1/Nrf2/FoxO3 15 5 1 % , 3 il 1% 5% )2 40
it 4R 17 SR A3 L 5 AE O B RE I B IR SA I AE ]
B $2 AL T 22 S0 MK 4
1 ##

1.1 ¥ 54108 SPFZ SD K 20 H,8~9 i,
TR 200~240 g, I {1 Wi SR s sh W) 8 W) L A A
IE5 SCXK(971)2022-0004, 17 5% T 4 1 v 15 24 K24
SPF gl vt SE 30 28, 25 10 IR 24~26 °C 18 ¥
40%~60% . N 94 B I % 7 )2 40 fifd HTR-8/Svneo Iy
H R B 40 M 4t SCSP-5203,

1.2 B3 SCIATF G A b R 2 R A s W 10 B 2
SR PS5 2023184,
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1.3 24950 ASCEM S 230701) (3
CHR 4t 5 231002) | FH AR (28, it 5 240102) .5
H (W5, 5 240401) 4 IH CH R L B
230801) JII & (PUJIT, Hib 5 231201) AT (2280, it
+5240201) 2 (3] R L FiE 5 A231204) (22K (1M
JI 45 2312010112) (8 4 (T B L 4L %5 240123) (0
{2 A5 231010) R T4 2 44 25 = A R Be
W2 B kG oK (R AR, L5 20240505) 11 [ 4R K ORE
T A BRA A 2R A = N IRE B S W R
F AT 24 0 % 5 R 1F S H,0, (R 5 Ak 27 0 Ik A
BR 2l B8 5 C04045200) 5 40 M M E 50 Pk
I (CCK-8) Ik ) & ( FifE 3 = RAEVMHAFRL
A, 55 C0038) ; MDA | Fe i X £ 28 Wi B 0 5 1k
(ELISA) IR Fl & ( g TSR AR A IR A R 185
4390 R JL48593 . JL48596) ; GSH 44 I 12t 57 £ (27
= PERHE B A BR A A, 985 CEA294Ge-48T) 5
ROS %' 7 38 70 5 (AP 3 B A 26 0 R 452 e 4y
HBRA T, 85 E-BC-K138-F) ; KEAP1 /) il 24 50 [
PUAR Nrf2 e 5 50 BE TR  FoxO3 /N B 3w B BT 44
A e H K 3 AL W T 4 (GPX4) /N BLUBA T B B oA
B-WL3h & 11 (B-actin) FT A& . £ v Fe 5 241 B i A ik
Yy i (HRP) A5 1c 1L = 0 /) B A 8 3R 2 1 G (1gG)
(H+L) Pt . £ 5 B& 5 41 HRP 45 i 111 2 T e 1gG
(H+L) =40 (R =8 A Y H ARG BRA | 485535
9 60027-1-Ig, 80593-1-RR-100ul, 67763-1-Ig.
66428-1-Ig. 66009-1-Ig. RGAMO001, RGAR001) ;
SOD i H ww FE Ht & ( £ [EH ImmunoWay
Biotechnology /A 7l , #t 5 PTO113R ) ; TRIzolif 5 (b
M EEREYHAARTMELSA, ]S
15596026) ;2xUniversal Blue SYBR Green 3 i 2¢
T B B4 4% 2 (Real-time PCR) Master Mix .
Synthsis Super Mix for Real-time PCR (One-
StepgDNARemover) (iR B BHERH A R A | L 57
5 0305-C).

1.4 X% ChemiDoc XRS+H 1k 2% %K 6 BARAY .
CFX96 Opus % Real-time PCR 1% ( 3% [# Bio-Rad 2%
7] ) ; Infinite 200 Pro 7Y fiff 5 AL ( Fi 1= Tecan 24 7] ) ;
A00-1-1102 71 i 5K 4H A {¥ ( 55 [E Beckman 24 #] ) ;
IX73 AU & 0 6085 ( H 2 Olympus 23 ] ) ; Countess™
40 g 4> B AL ( 32 8 Life Technologies 22 #l ) ;
PowerPac Basic %! L Jk {¥ ( £ B GFL A w ) ;
PowerPac Basic 8 %% B A (B 56 B2 FH A F] ) 5
Universal Hood Il % fk. 2% & % A AR (I i — fE B}~
IR AR F]) o
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2 FiE P22 S, LA (B 1>2 O 2 35 1R B, O 8 5 X 1e) %08

2.1 TSPSP &M MHI % TSPSPALJh Ak
SBEHERE), MAS3 g HE3 g ARLS g & IT
B15g MHA3 g I 2 g FAT2 g A 2 g 4k
W3 g KhAk3 g #2553 g M 1.5 gZR . B,
KK BT, 3C KA 25 min, i1 A3 B B RS {7 &
5 min, B2 JUAE 20, 5 IF 2 R HOT LU, KR 7
K W4 R R 25 1 g-mL" 19 TSPSP /K B , 4 °C
TRAE# . SD KR #EAT 7 d b MR IS |, Bl AL %k
TR I 514 Ry 2s 14 CTSPSP & 25 13 4, B
210 H o AR B R 5T A A R R A, R BRI AR AL
F A Y F AR N (60 kg) 1Y 6.3 4% , 15545 K B
B2 10 mL-kg'-d'. TSPSP 7 2} IfiL 1 41 K
RHE H 25 T A R A R B B AR B R OK, Y S
257 do RIE 251 h a4 R UM 3% K T 2 4l
(30 mg-kg™") M BRI , 28 16 3= 8l kR 1, 2 i i
# 3h,3 000 r-min" #.0> 10 min( B0 42 10 em, T
[a]) , WA ML o % I T 56 °C .30 min, KOG #MAS,
0.22 pm JG T B I JEBR A , -80 CCHAMF A5 o JE 4Lk
B i R, O DR AR A R AR 2R e Il v A 2 AR FR O KR
10% , 1 5 il 15 5% 5 AL 28 17 (FBS) # K B
L35 AU B, 23 31 I 1 8 35 2.5% 5% FT 10% LI
1 58 4 B F5 0k

2.2 HEWYIE B

22,1 AR BOE B AW AE B RIS AR
I3 [ 28 A W BOR AR B b O B TR 308 25 5 HUs
J% (NCBI GEO, https://www.ncbi.nlm.nih. gov/geo/)
K &R 6B 51 K dE L ke R OC I 4 (Mrecurrent
spontaneous abortion" OR "recurrent pregnancy loss"
OR " unexplained recurrent spontaneous abortion") Fll
("endometrium" AND "Homo sapiens") , J- 4 4f& #) Fi
RN TR A A Ry FRIKAE 0 MK T R R
F T 55 SR 2 A0 M AF R O 1 7 21 GSET6862 5
GSE22490 2 84l % . R JH GEOquery i 38 Bt % ik
B K AR S 1 B ST, LA avereps bR BTG T TR]— JE 1A
) 22 5T FE R, A A limma 60 947 05— Ab B, 5F:
iz H sva i ) ComBat PR £ K IE HE R ZL N o i — 25
M MSigDB (v7.5) 3 B Kk B 4 | fifi 8 H 416 07 8 AR
o %, ol G 2 A AR R & 0 A (GSVA) B
(v1.42.0) i 1 2% BEAS 38 % 15 P 2 il B IRT . X B
PR JE R (KEAPT Nrf2  FoxO3) , £ 4t W ) H: T J i
B, OF HE TORE AR 8 Bl 2 Wl N R B R, R
Wilcoxon ¥ 56 Al £ ik 2 7 . /5, 3T GSVA IF
3 B limma £ 53 B SA 2H 5 i B X 1 2 1) 38 2% 7%

PET e 7 2 e 3 it B L Ts M AR A0 5 17

222 MG HEHES K TSPSP A pl 43 i
gy R G 25 B JOE R S o B oF /5 (TCMSP,
https : //temsp-e.com/) ki Z& [ F il A= 9 F| H & (OB) =
30%. 2% 25 P (DL) =0.18] 4 3% ¥k B 43 5 i i
PubChem %% #% /& (https://pubchem. ncbi. nlm. nih.
gov/) f£ “Chemical Structure” £ B f 2 B £ hl 43 1Y
Canonical SMILES, #ii A TargetNet #{ #& J% (http://
targetnet.scbdd.com/) , 15 &2 il I 4% % >0.9 , i 5 15 5]
W AEAE 40 55 DL “spontaneous abortion” iy 5& i i)
7 GeneCards (https://www. genecards. org/)
(Relevance score>10) 1 75 £k A 28 i £8 /K i5t 1% K 9
£ (OMIM, https://omim.org/) ¥ & 3 & I % & , 4k
FHP 9 AH G B0 5 B Venny 2.1 78 £k 1. H (https . //
bioinfogp.cnb.csic.es/tools/venny/) Bl 32 4 3% 15 1 7
PR FAE 8o o A2 B2 50 A5 A BRI /88 1 oAl B AR
K % T. B % % % (STRING, https://string-db. org/)
(confidence>0.9) ¥ & & 1 Fi - & 1 i #H & 1E
(PPI) M 4% , Cytoscape 3.9.1 4% & CytoHubba ffi 14 K
P B AR A B0 O R R R T O O A O B
5. R RiE S clusterProfiler 28 43 o 47 & [ A A
(GO) 5t 4 B A 55 B [ 41 | BE 4 15 (KEGG) & 4k
Sy B (P<0.05) , & BURT 10 46 GO 46 H K Ri 15 4%
KEGG il #% , & % K £ FoxO {5 5 i % , Jf £
Cytoscape H1 4 v 24 - i 43 - § 3 -0 7 9 4% LA AT
WAL TSPSP 1Tl SA 1 2 J 53 -2 # s LTI

2.3 KRR ONGUE M SR ) A M (HTR-8/
SVneo) 4 g kR &% 7% T 1640 5¢ @ ¥ = b 57 [ &
10% FBS, 100 mg- L' 5 & R M 100 mg- L' 45 % |,
BT 37°C.5% CO, I FE M 85 3%, 2~3 d b A7 1 kA
Ao o X B0 A B 20 R AT S SR S0 0

2.4 CCK-8 Ll 4 41 HTR-8/SVneo 41l i 7 11 5%
MoK AR KIS R4 HTR-8/SVneo P 10°4~/mL
AT o6 fLMR b, kA F A BE R4, TSPSPAIR
o ) a2 (2.5% . 5% 10%) , Nrf2 i il 55 26
(ML385 30 pmol-L") . BRzs (44, ALK A A
H,0, 150 pmol-L", F#Hi 3 h, F 17t . A5 25 1
2 RARE R 20 i 1] 25 1 5 97 L85 5% 24 hy TSPSP 4
AR FR 5 0(2.5% . 5% . 10% ) 19 5 25 55 % Ok
Nrf2 1l 57 (ML385) 4L A 10% B 3% 25 B F 3 )
FIA 30 wmol-L"ML385, 555524 h, K5 , 525
AR IR BEALINA CCK-8 37 10 L A1 JE Al 15 5%
F£90 WL 1557 1~2 h, fdf B B3 A0k I 45 L 7E 450 nm
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PR T WOGEE A, A MG Ty, A S =55 5
2H A-TFAL A) /(25 A A-THEFL 4)*x100% .
2.5 4 M %R 52 5 K6 I HTR-8/SVneo 41 it 1T #% g
J1 B XA K W1 B HTR-8/SVneo 41 g L 45 1L 4
Tx10°~ 40 i 3% A T 6 LA P, 40 i AR K E il A
R 90% LI I 200 wL B2 W Sk 16 40 i %
T B TR R — 1A EH A . R 2% vl
(PBS)/INa 1 05 JI8 7% 1 200 M o 45 400 4 L % 4 24 A
FRIA] 2.4 391, 43 50 4E 0 h F1 24 h & 68 8 8 5 N0
HE 30 5% A 4 KR 98 B, FH Image J 1R T B
IR R =(0 h R JE 9 )% -48 h 2R % & ) /0 h IR
B FEx100% o
2.6 A Ak A I 4 i Fe MDA Fl | i W GSH
Fik AR 240 ik ERA YR,
1200 r-min™ B0 5 min, 73570 05 41 AN LT W, AR AR
Fe' MDA .GSH iU & 3 45 K Fe* MDA .GSH.
2.7 FGYL a1 (DCFH-DA)ARC K I 41 g ROS 7K
o MR 2.4 TSR A HEAT AN MRS RIS, PBS PR A AN iR
2,3 PBS, it A DCFH-DA(10 pmol-L™"),37 °CH#
B 30 min; PBS PB4 2 UK, T 488 nm i & I K,
525 nm A& HF P T SR 2¢O T 15T W 5% A 21 20 i
G B  IF IR, SR F Tmage J #1443 Bt 45 20 41 it
AEXE ¢ 5 B o
2.8 BE 9 6 (IF) & U 44 g KEAP1 ., Nrf2,
FoxO3 Ay ik K ¥ Fi¢ & 2.4 101 43 20 Ab 23 40 il )5
PBS 5 Uk 3 UK, H 4% £ & W & = it [5 & 15 min,
0.05% Triton 100 iffi % 20 min, PBS & ¥k 3 ¥, il A
5% 2R MLV H AR T E R R E A 60 min, Il A — 4T
KEAP1(1:400) \Nrf2(1:400) .FoxO3(1:300),4 °C
iR E o o PBSIE UE 3 W E L M A L B R
Fluorescein il 111 2¢ # %2 Rhodamine 37 °C# YCIF &
1.5 h, PBS V5 Bk 3 K, 4", 6- — Bk JE -2- 2 2k g ik
(DAPD) & 44 #% 10 min, T 2% I 85 T W52 40
B8, K FH Image J 8443 M 22 6o %
2.9 TE A P B Ik v (Western blot) ¥ i 41 g &
KEAP1 Nrf2 FoxO3,GPX4.SOD # /K F 41
o34 K 25 2y Rb B R 2.4 T 5T O E U UE 1 (RIPA)
i Y IO L A AR 1, B A BT (BCA) Rl 28
PV B o A T ot R T A - 2R VAT s T e 5
HL UK (SDS-PAGE ) &E i . b FE J5 E A7 FELUK A R B
M, TBST Y. i A—$i(1:1000),4 °CHF & #2 IK
W . THUEF (1:10 000) , P& 5 4 1] 384 58 1k 2%
K IG¥E(ECL) &G LATE AR, R Image T34t
TR AT K BE R .

. 16 .

2.10 Real-time PCR % il 4 ffd ' KEAP1 . Nrf2,
FoxO3 mRNA % ik 41 il 5 41 M 45 25 4b 3 [A]
2.4 31, 4% B TRIzol I 71 Uhd W 5 4 O 40 L 52 RNA L, I
JE &L RNA 265 Kk 2, 9K RNA S8 5% i cDNA,
LA ¢cDNA b #5 Hz #F 1T Real-time PCR JZ Jif . PCR JZ
MK Z 20 wL: %5 MIX 10 wL . cDNA 1 wL . JC 5 JC
K82 L, LG ¥4 0.4 uL. 95 °CHiAEE30s,
95 °CA8 1k 15 s, 60 °CiR k 30 s, & {1 40 DGR . LA
B-actin A P S 3L K, R FH 279 40 BT 4% 5% A 7E 40 it
P A X 3R K KOF o 510 B AR YRR R R
G ST EILER 1,

x1 5l9F5

Table 1 Primer sequences

519 JPa(5-3") K /bp

B-actin 3 GAGCACAGAGCCTCGCCTTT 177
i TCATCATCCATGGTGAGCTGG

KEAPI  Liif GCTCAACCGCTTGCTGTATG 104
T i TAATCATCCGCCACTCATTCCT

Nrf2 I 3if CGATTAGAGGCTCATCTCACAA 191
Fi# GTTGAATTGCTCCTTGGACATC

Fox03 i CGGACAAACGGCTCACTCT 155

Fif GGACCCGCATGAATCGACTAT

211 GeiteEsr At AR SEE SR SPSS 27.0 43 7,
TR PORME F x + s RoR , Je X B0 2R AT I A TR 5
N5 28 5 PR R I, 4 ¥ AT 5 R R R &R 7
2257 BT, P<0.05 BoRm Z R A G2 L, I £
R AN RS TR 5 K 2247, SR
A5 2 BB A 56 FU A A B 22 57 S ) HL A

3 &R

3.1 AEYIE B FRIE

3.1 SA SR )Z A M b AR Ak N AR OC 38 B Y
GSVA & %0 % T GSE76862 Fl GSE22490 %&
P B A BIF 5T 2L g A9 19] 4t B Xof 1 ke 5L i) 2% A 2 A
MUAREA S 761 SA £ 35 R U5 1Y 2 77 )2 Al M FEAS | 78 XF
BE R R BOHE BEATRE B — b b B L A
MSigDB ) C2 ¥t 47 4 rh VT e 21 41 45 55 40 Ak 17 AR
OC 1 % (D3 5t AR I aA ) o B — 20 a3 BT
/5, BAR# I KEAP1 Nrf2 5 FoxO3 15 ke A £ [i] £
B IEAE Ak ; GSVA & 4 0 U 41 4% OC BT
A O RFEA M HA B3 225 0 5 &R SA4l
FEIk b VR N 4 45T R . o 3 2k AL
H i3 (2, P<0.05) , 2% 5 5 ok 8 35 19 L 18 3 i
3 “BUYTAERT PHATODYNAMIC THERAPY
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STRESS UP”(£3, P<0.01) , iz i ¥ 25 T A0 5%
S M 2N Nrf2 ( 1 Nrf2 4 i) 5
FoxO3, # 7 HAE SA S Ak I S AL i b vl B & 5 2
B C O 38 5 1 B BRI 4 ) o

3.1.2 TSPSP M £ 25 B2 WF 5% 0 4% 24 3 24 40
LFRAT TSPSP 1 1 1 73 T 5 K 246 1> (SA AH G HE
102 8044, 4 Venny 2.1 BUAZ 4 J5 4 B 154 N7
VEFHHE 25 . i F Cytoscape A4 22 “ 25 H - 9¢ J - 5.7
W 2%, B A2 FEHE S5 5 A STRING (confidence=0.9)
J& , FI H Cytoscape ¥ b 43 #F (#% STRING % 45 7%
1Y degree HE /7 ) H: 0 & HH 98 N7 45, A4 55 KEAPI |
Nrf2  STATI.TP53 %, GO B H£45 R BN, L £
SR BRI BT R O R A A A
JREAE o RS 0 45 40 i 21 53, LA S DNA 45 & B 5t
HWFaa MY IEESES TORAEH LERE
4 . KEGG il }% 73 7 , FoxO {5 5 il # \MAPK {5
538 5 K T Bl ko e A Ak AE 182 4 2% H w3
B4 o FoxO 38 % 9 22 508 0 0 A5 1Y 3R 58 3
DL R o DL S AR B A e

3.2 TSPSP &4 IMLE XN )2 LG Sy pysem 5
25 AL R, RN 2 VG R 2 AN R E ) W R AR
(P<0.01) ; 58 A2 LA, 45 245 1 Fil J5 TSPSP 45 7
AL SR 2 A0 TS 3 3 T (P<0.01) 3 5
TSPSP i 7 5 20 4%, ML385 41 3% 5% 2 4 i 1% 11 i
ERRAL, 25 HA 423 L (P<0.01), TSPSP [
fiff H,0, 175 5 19 18 3% 12 S0 10 400 005 40 i 1) 4 P 0 g 1
o WFE2,

®2 TSPSPEFMBFXNEFRMMBENHIHM (Xs,n=5)
Table 2 Effect of TSPSP-contained serum on viability of HTR-8/

SVneo cells (x+5,n=5)

i K (P<0.01) . TSPSP A % 2% o 3% H,0, 1
UL () 572 )2 A0 ML AT R R AR . DL 3 S o i b
FRE I 44 6t

#3 TSPSPEHMBEMNUFEMMRIBENEI (Y+s5,n=3)

Table 3 Effect of TSPSP-contained serum on migration rate of

HTR-8/SVneo cells (x+s,n=3)

41 531 B H/% 4l L A% R /%
sk 76.14=0.71
LR 20 28.75+1.87"
TSPSP LI i 41 2.5 43.82+0.17%
TSPSP 1 5 f 2 5 53.30+1.46%
TSPSP & 7 ft 2 10 63.17+2.84%
ML385 2 46.75+2.46%

A A R VP<0.01; 51 5P P<0.01; 5 TSPSP
fen 4 A P<0.01

3.4 TSPSP & 24 Ifil 1 T %% 3% )25 40 Jf 584k 07 3 458 4
A RR LM 525 AL E g, 155 A0 4 3 37 2 4
Jfl Fe> \MDA & 3 7t # (P<0.01) , 3% ¥ " GSH &
ETRE(P<0.01); SERIZ AL, 45 2 T Tl J5 TSPSP
2% ) B4 PE R 2 M0 Fe MDA ¥ B R &
(P<0.05, P<0.01) , GSH & # T} & (P<0.01) ; 5
TSPSP 5 7 & 41 b 4 , ML385 41 i#% 37 /2 40 Jifd Fe** |
MDA B & 3% &5 (P<0.05) , GSH B & T % (P<0.05) .
TSPSP 1] i 3 2 3% H,0, 75 5 (114 77 J2 41 M 4201k 1
WA . k4.

F4 TSPSPEZMFXN#EFEMMBANL N MIRGHEXIBRNZ

i (x+s,n=3)

Table 4 Effect of TSPSP-contained serum on oxidative stress

injury-related indicators of HTR-8/SVneo cells (x+s,n=3)

a1 N Fe?* MDA GSH

41 51 AR50 % I LAE 5 /% ; 3%0/%  /mmol-10°  /nmol-10*  /mg- L
=Kl 100.00+0.03 2 H 4L 0.10£0.01  0.10+0.01  21.18+0.71
FEAIZH 65.31+0.05" IR 241 0.25+0.02"  0.25+0.03" 10.91+1.73"
TSPSP K7 & 41 2.5 81.05+0.02% TSPSPARFIHEEZE 2.5 0.19£0.02” 0.16+0.03> 14.98+1.52Y
TSPSP 5| 8 41 5 81.08+0.03% TSPSPHFIELl 5 0.19+0.03%  0.11£0.04> 17.64+2.01>
TSPSP &5 8 41 10 88.75+0.05% TSPSPa 4l 10 0.14+0.03%  0.11£0.03% 18.45+1.85%
ML385 21 74.53+0.04° ML385 40 0.18£0.01Y  0.19+0.11"  16.94+1.239

52 A B P<0.01; 58T 4 e # 2 P<0.01; 55 TSPSP
T A 4 5 Y P<0.01

3.3 TSPSP & 24 Ilil i X 4% 7 )2 4 il i 7% 8 1 5% )

523 (A B, R A 3R R A AT RS R I 3 R
Il (P<0.01) ; 5L AV A Lh 4%, 45 2 T FilJ5 TSPSP %%
FR H 2 5% 2 A M R R 3 T (P<0.01) 5 5
TSPSP &5 7] 4 41 AL, ML385 4H 1% 3% 2% 4 i 3T 7% %

52 A RV P<0.01; 5B A H Y P<0.05, Y P<0.01;
55 TSPSP & 7l 4 40 He 4% Y P<0.05

3.5 TSPSP & IMIE X IR Z AN ROSHYSZ IR 5

25 4 Lh B, ST A 4 D ROS 3R GA & W 3 T

(P<0.01) ; 5B AL A L HKL , 45 25 T i J5 TSPSP 4% 7

4121 M8 ROS 2 3K Bt 19 5 3 B MK (P<0.01) 5 45

TSPSP 5 ] 5 41 H 4, ML385 41 41 il ROS 3k it i
. 17 .
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FZTFE (P<0.01), TSPSP AJ i 2 1 il A% 18 26 9% 5% )2

M ROS A=A, WIE 1.5,

A A A B AR AL C. TSPSP{ILF 2 41 ; D.TSPSP H1 5 & 41 ; E.TSPSP i 7] - 41 ; FML385 £ (%] 2-[& 4 [A] )

E1 TSPSP&ZyiExt#kssE4M ROSHZ M (DCFH-DA,%100)

Fig. 1 Effect of TSPSP-contained serum on ROS levels in HTR-8/SVneo cells (DCFH-DA, x100)

5 TSPSPEZAMFX %7 E MM ROSHIRM (X+s5,n=3)
Table 5 Effect of TSPSP-contained serum on ROS of HTR-8/

SVneo cells (x+5,n=3)

2 51 IRFLSB0/% ROS FKikHt
Rk 27.14+1.68
LR 4] 145.89+6.79"
TSPSP i 7l 41 2.5 98.97+7.30%
TSPSP H1 7 it 41 5 76.04+6.06%
TSPSP & 7l i 21 10 47.56+2.89%
ML385 4 108.72+5.95%

52 8V P<0.01; 5B 4 e 42 P<0.01; 15 TSPSP
B 74 H 8 P P<0.01

3.6  TSPSP & 24 IfiL 35 % 9% 5% /2 40 it KEAP1/Nrf2/
FoxO3 # M 1Y 52 W 8 i IF £ ] KEAP1, Nrf2,

Nrf2

DAPI

Merge

FoxO3 HE H M FREA 25 R R, 55 A,
R 4 P Nrf2 263K B 3 PR K (P<0.01) ,KEAPI .
FoxO3 ik it ¥ 35 T} R (P<0.01) ; SRV LA,
TSPSPAIK . v i 7 & 41 v Nrf2 3236 it g 35 0w, 22
S HA Y247 L (P<0.01) ,KEAP] FoxO3 ik i
W EREA, 25 BA S %E X (P<001); 5
TSPSP A% 5 it 20 F 45, o L i ) o 20 v Nrf2 365K
B L 22 s HOA et 4 8 L(P<0.05,P<0.01),
KEAP1 .FoxO3 ik i B i PR AL, 22 7 B A i 2
X (P<0.05, P<0.01) ; 55 TSPSP & 7l ik 41t 52
ML385 41 f Nrf2 % 35 & B ¥ & it (P<0.01) ,
KEAP1 .FoxO3 ik & i &1 = (P<0.01), WK 2.
Kl3.3%6,

2 TSPSP&Z5IMiExt %55 2 MM KEAPL Nrf2 KA MM (DAPIY A%, x200)
Fig.2 Effect of TSPSP-contained serum on expression of KEAP1 and Nrf2 in HTR-8/SVneo cells (DAPI nuclear staining, x200)

3.7 TSPSP & 24 Il XT i 7% )22 40 B 5 Ak N 3462 s

MHEXEHALEIMF MW #E L Western blot £ ]

KEAPI Nrf2 .FoxO3.SOD .GPX4 & [1 ) =2 ik 1 M,

BN, 52 H 4 i, B Nref2, SOD

GPX4 ik 5 ¥ 18 F F# AL (P<0.01) ,KEAP1 ,FoxO3
. 18 .

Tk EHE(P<0.01); SHIR4] %, TSPSP
i 5 )42 P Nrf2 . SOD  GPX4 3 ik i 14 i 3
4w (P<0.01) ,KEAP1 FoxO3 % ik & i F WK (P<
0.01) ;5 TSPSP K7 1t 21 b4, TSPSP 1 | i ¥ 4 41
i1 Nrf2 ,.SOD .GPX4 3 ik & ¥ B W 3 /&5 (P<0.05, P<
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A B ¢ D E F

3 TSPSPRZHMEN I E MM FoxO3 RiLH M (DAPIYAL ,x200)
Fig. 3 Effect of TSPSP-contained serum on expression of FoxO3 in HTR-8/SVneo cells ( DAPI nuclear staining, x200)

®6 TSPSPRAMBFBMEUFRAMENLHBRGHEXEAREHNEMN (I+s,n=3)

Table 6 Effect of TSPSP-contained serum on oxidative stress injury-related proteins expression of HTR-8/SVneo cells (x+s,n=3)

e RFLA 0% KEAP1 Nrf2 FoxO3
ek 38.99+0.03 117.92+0.62 19.66+0.44
I 21 121.32+1.00" 36.24+0.29" 70.56+1.15"
TSPSP 7 & 41 2.5 55.01+0.88% 50.86+1.42% 52.41+1.88%
TSPSP H 7| & 41 5 48.24+0.79*% 61.00+0.83% 34.82+0.67*%
TSPSP i 7l & 41 10 43.85+0.35%% 105.22+0.66>% 35.97+0.33%%
ML385 41 108.85+0.85 40.69+1.219 57.44+0.95%

T 52 AV P<0.01; 5HM A H A Y P<0.01; 5 TSPSP IR & 41 He %5 ' P<0.05,* P<0.01; 5 TSPSP = 7 4t 41 H 4 2 P<0.01 (% 7[d))

e

SOD . GPX4 % ik & W 3 B It (P<0.01) , KEAPI,
FoxO3 # ik i i # 75 (P<0.01)., £ 7. K 4.

0.01) ,KEAP1,FoxO3 % ik & ] i & Ik (P<0.05, P<
0.01) ; 5 TSPSP & 5l & 41 H % , ML385 41 i Nrf2 .

FR7 TSPSPEAMBEMEZFEMEENNBIRGEXAZEARIENEM (3+s,n=3)

Table 7 Effect of TSPSP-contained serum on oxidative stress injury-related proteins expression of HTR-8/SVneo cells (x+s,n=3)

4 ) R 8/%  KEAP1/B-actin Nrf2/B-actin FoxO3/B-actin GPX4/B-actin SOD/B-actin
S 0.37+0.01 1.65+0.03 0.75+0.03 0.67+0.02 0.34+0.03
T IR 2] 0.74+0.03" 0.91+0.02" 1.44+0.03" 0.27+0.01" 0.15+0.03"
TSPSP i 7 it 21 2.5 0.53+0.02% 1.11£0.04% 1.17+0.05 0.38+0.02% 0.19+0.02%
TSPSP 1 51| & 41 5 0.46+0.02%Y 1.22+0.05%% 1.04+0.04>% 0.44+0.03%% 0.23+0.00>
TSPSP &l & 41 10 0.41+0.02> 1.40+0.05>% 0.85+0.02>% 0.57+£0.02** 0.29+0.01**
ML385 4 0.58+0.02% 0.82:0.02% 1.25+0.04" 0.35+0.03" 0.15+0.02%

3.8 TSPSP & 24 Il ¥ XJ % 7% )2 40 it KEAP1/Nrf2/
FoxO3 i fff mRNA Eik W52 m 525 A A, #
2] 40 i Nrf2 mRNA 2 35 7K - 5 3 FE AR (P<0.01)
KEAP1 .FoxO3 mRNA # ik 7K i % 7t = (P<0.01) ;
BRI ZH L #, TSPSPAIR L v 711 1 20 45 24 5 4 g
) Nrf2 mRNA 3 ik 7K °F 2% B &2 7t & (P<0.05,
P<0.01) ,KEAP1 2 FoxO3 mRNA £iA/KFHE T
[% (P<0.05, P<0.01) ; 5 TSPSP Ik 7 & 4 b % ,

TSPSP i /& #1520 o Nrf2 mRNA i % 22 35 0] 2
145 (P<0.05, P<0.01) ,KEAP1 & FoxO3 mRNA #f
%o 2% 15 & B B PR (P<0.05,P<0.01) ; 5 TSPSP /& 7
A FE A, ML385 4 1 Nrf2 mRNA FH X 26 ik i i 3%
[ % (P<0.01) , KEAP1,FoxO3 mRNA # X} % ik &
A 5 48 55 (P<0.05,P<0.01) . WL#ES.
4 itig

SA [ R & Wi BAEF I R IA T 5%~15%, H

. 19 .
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. owe MR RS BT B SA LA 3
. vorme T HCAE B A T R 0
foxos 40 kD B A N AE" . Rt R e &K,
KEAP1/Nrf2 4 5 f $0 A A6 i 5 SA M DTG, A1

oPxs PR SIS, TSPSP fiE 1 A L A BLIE 4 41
SOD1 16 kDa Nrf2 K R e P i 23600 OF U i 41 21 Ak
B-actin 42kDa O P4, D J S R AR L LA 2 i 9 A L o

A B C D E F
B4 EHE#EFEZEMIEKEAPI Nrf2,Fox03,GPX4.S0D & A &%
Fa ik
Fig. 4 Electrophoresis of KEAP1, Nrf2, FoxO3, GPX4, and

SOD protein expression in HTR-8/SVneo of each group

% 8 TSPSP &7 M iF X % 5 = 40 B S 4L B2 #5145 1H X mRNA &
EHIRM (x+s,n=3)
Table 8 Effect of TSPSP-contained serum on oxidative stress

injury-related mRNA expression of HTR-8/SVneo cells (x+s,n=3)

215 e KEAPI Nrf2 FoxO3
B 93 50%
2 H4UL 1.00£0.10  1.00+0.09  1.00+0.02
ST 2] 1.96+0.05"  0.34+0.01"  1.46+0.04"

TSPSP {I§ 5 41 2.5  1.4140.04° 0.44+0.02” 1.30+0.05”

TSPSP H1 7| 5 4 5 1.18+0.13*% 0.57+0.01*Y 1.12+0.07>Y
TSPSP i Al HE4H 10 1.15£0.09*% 0.84+0.02>Y 1.14+0.10>"

ML385 41 1.76+0.05”  0.45+0.027” 1.29+0.10°

52 A4 R VP<0.01; 588 2 Y P<0.05,Y P<0.01;5
5 TSPSP I #) & 41 It % * P<0.05, ¥ P<0.01; 15 TSPSP & 7 &+ 41 [t
9 P<0.05,”P<0.01

A B ETH G AR R IR 12 J8 LUAT 09 7 8
Bkl RO = SA I PR RE PR A H5 4 B o 72 vp 4
PRZk R ER A E R E R RN
7R TR T BT R LS A

s BRI R O R L MO R A =2
PR RGP T BRI T R I R T R
SIEMIG & B AR I A T, K s (R
PR BH ML, i — 2D W5 i IR i IE H A2 K . TSPSP i A
G S BEGE R 4D, b B 45 IR M2 285
I UANS G CE AR RCH B 5 A
M E A IR I S W B b R OK
TR = I Y = R W (N R S 179 e
B AR 2 B A AR SR SE, O s A AN S R
H Rg, BRI BEA A AT 25 A B B IRl 40 4R
AR RT, AT A 2800 B A R 1 o 40 Bt S Ak B 1
fig 1, DTGRP IR iR 2 B L I R S5 e R B
TSPSP AJ i it 22 #1 f o 2, ok M8 T fg L 4 E R

. 20 .

NN

AW I T GEO it v B4, 43 B fadt B X R 5
SA B IR A Y 22 e R GR KR IR 4R R IR AR
TR B S AL AR Ak o g S U g B i BRI e 4L
KEAP1 Nrf2 5 FoxO3 %t [H 3= ik /7 7 A8 4k, 1 H A
AREPTRR, 28 7 AR GN W BN T WA A
Yy 2E VR T, O HL I S 3 R 3 3k 1) A8 A0 A5 3 A 52 50 11
WESE . GSVA & ik — 0 & B, Nrf2 5 FoxO3
2 55 10 S0 IV 30 7 SA 4 b B B R OR
T REAE 7R 2 AN AR IO R 4 R AR Sk Sk R B
ST EEAERN . B &3 TSPSP i £ sy £
# 5 H5 % 5 KEAPT  Nrf2  FoxO3 25 56 5 [N 1 % 1)
F I, PPIM 4" ,KEAP] 5 Nrf2 i degree {H it &
JETI, B 7 LA A5 0 45 rp b F A% O HL A s Fox O3 IR
P ALZERS I EEETRE FR., GO 5
KEGG & %0 Hr % W], TSPSP I fE 400 i . E £ h T
RN SE AL Y BT B FoxO {5 Sl % . LA RN,
TSPSP ] f¢ i i 4 % KEAP1/Nrf2 #lf & FoxO3 i
M, 5 507 )2 A0 AT R R R L AT T T SA L (H
BLRBLGI A T 52 50 i — 2P Bk

FEAR SN, A5 15 K & B TSPSP & 24 Il
T8 AT 30 5% Ha 0215 5 19345 5% )25 240 B 48 1k I S 4 45
S Ak N R A M PN AR AR S B AR AR AR T R A S 3
ROS i B2 L2 MRS M A RRIE 42 55 MDA % &
TF 55 . SOD %5 T F AL Rl 16 1 B AR, 7T 1Bl Fe /i 5
HORN G 3k SR A R i % | A A 2 A 48 A
MIEE S H ARBFIEH , H,0,15 5 10 5% 2 40 i
5 R ) S A N IOIR A, 3R B R 41 I Fer
MDA J ROS /K- it % J+ {7 , GSH .GPX4 5 SOD i
PE B R T B 5 1 TSPSP % 245 1L nl A3 8503 % ik 4
B, ) A2 0 40 3 5 5 3T RS, S W T ik ot 2%
fift S Ak L VK S B A AL B AR RE T, S X T 3R 2
20t B DR AP

ik — 2L HLH 5 R W, Z AR PE T 5 KEAPL/
Nrf2/FoxO3 {5 5 4l i1 4 % %5 VI A OC . KEAP1/Nrf2
T [ 2 20 I AR A R S B R A0 TR YL R OISR
KEAP1 5 Nrf2 7 2 AL B A, 0 OIS F N2
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B LR ARE MR ) B0 A JE R 5% SR s Fox O3 1 Ry
TN SR L R e AR A SR g R I,
oA T 28 12 5 8 TR AL IR 25 R 45 22 b bt A Ak K 4 i
FETG A SC L 220 g R B, W R IR
B 421 b g 5% 2 A0 Y FoxO3 /K SF- 3 75 1) FoxO3
FE 3 52 PI3K/AKt AR 5 3 6 400 1) 0 % )25 4 B 1% 34 51
R R AT A R R R
21 FoxO3 L B & T & A o, RS2
4l Jfl i FoxO3 3R 35 4 i 2 5 41 Uk A G B2 9 19 & A=
KR AR WF 9T Boon , TSPSP & 24 1fL 75 ol F 4
KEAP1 Hl FoxO3 ik , [A] i _F il Nrf2 K H R s &
1k 5 ¥ GPX4 il SOD iy 3 ik ; i {f A Nrf2 #1011 51
J& ,FoxO3 5 KEAP1 # ik M J} ,Nrf2 .GPX4.SOD %
K0 32 A ], A ALIE SE TSPSP AR5 N2 3l 5% 35 7%
RAEPUEAL TN e, 7R Nrf2 7] BE X} FoxO3 77 7E 1L
] 98 454 1, KEAP1/Nrf2/FoxO3 A] & ¥4 i, — 4 B
[i] M) 7 4% £ IO7 38 %) S g X 4%, TSPSP B m 30 45 2% ¥
26 1 9 HU A A BE T, DA 8 i 1% R )2 A 1Y) 4R Ak
43

AW 53 38 3 1A A 5250 ) 2P IE S5 T TSPSP i aof
P4 KEAP1/Nrf2/FoxO3 {5 5 il B % H,0, 1% 5 A
A6 R A s TS ZEBL ] o AH TR N AR AE e T
W A R L sh e L2 IR, T AR
52 TSPSP LEAR N (1 2530 e {7 538 [ 3 3k, IR L &5
TR SR LI 45 RAFAE 22 R . 5 2L Al i
P SA Zh WA AU, XHE 538 B 09 R Ik AE B AT AR
N B I, LA E— 2 5 3IE TSPSP 897 3¢ 5 1 LA .
A A BT B GE O A Nef2 310 41 55 ML385, 3% B
TSPSP ] 3 3 ¥ 0% Nrf2 {5 5 30 # , 78 8% 7% )2 40 i
RAEAACR Y E T, 0 ML385 4 3 4 5 M 350 K
A FA AT 336 TR S B50OME LA 1 4 ) H 10 )RR B )
A K fig HE B FoxO3 78 I UK 28 T 19 B[R] 8 A8 2% 4
o FEARRMBESE T, L8 2 siRNA 43 5] @ K Nrf2
55 FoxO3 , F- 75 XURHCH 55 v S5 it 5 A 56 PR Y 0] %,
— B TSPSP X KEAP1/Nrf2/FoxO3 {5 53 % -
TR PR

SA KR LTI 2% | Bk 8 2 i BIF SR IA R SA 1Y
U 55 B iR T SO B8 R A A 06, T i AT
V5 )2 A L 50 A G A A L I 0 I i P R A
i K B S5 B 2T 4 A0 e S G [ AR T A SRR — i
I )2 20 B SE 5, T AR IR B B R G S T R R
52, A LU B8 TSPSP Xf £ Jif 5 11 2 241 M A M 45 119
ELR 52w, BRI JG v 42 1 2 B TSPSP 7E SA R T H
W) ESERON  PRIE, S SR AF 5% R 4 A 6 B 10 9% ) A

IR U3 200 % fR R AT 45 £ 0 4 0 Y S
FAR R EEA M R E G h A
A PR Y BE iR B, R 484 58 KEAP1/Nrf2/FoxO3
5 [ A £ 3R B T 38 B 4 O PR A
TSPSP 76 £ Jify FL i B AE W45 v i 25 A VR, LB 3%
AFE 7R H B i SA BT AE AL

Zi I BT 3R, TSPSP & 2 If % v) i@ if o 2
KEAP1/Nrf2/FoxO3 {55 *5 i % , & 2 3 4l H,0,1% %
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