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AR ik AT A 5 20 A v X OGN AR A
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KA S A MR R . Gen RAHIR HTA ML
FIAPEVR T TR 0 AE i Gen AT I 3¢
TR B 5 JAE , R R A A T
FACE IR {H Gen J2 75 30 2 ¥ Prdx6 & 14
PUPCE A 2R M R B . 2 OSCHMR ST Gen X
WATIA T (etoposide ) 5T (4 BB 40 3 2 1 £ 47 1
P EHLH, g B IR AT PR B iR S AL A4 i
HE AR o
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1.1 ##}
1.1.1 @i sc B0 40 i & (C28/12) W H 3£ H

ATCC /AT,

1.1.2 X 7 Gen (CAS % 5 : 446-72-0, 4}i J&F >
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989% ) W [ 1165 27 i A= A BB B 4 A PR 7 5 eto-
poside (CAS 5 : 33419-42-0, 4 iF - 99. 62%) W [ &
[E] MedChemExpress N G TE (585 . 086-450)
WA 1 i A AR R A B AR A RN 7] 5 RIAP 247
B-2f- FL B 1 i (B-galactosidase , SA-B-gal) K il 32t 5]
& KB (555 . PO013B .C0602 .C0201) Wy [ |12
= R ARARA A CCK-8IRHF & (5.
C0005) 1 H & [E Target MOL 2 ] ; T Prdx6 $T &
(anti-peroxiredoxin 6 antibody) . 47 4 ifd J& 3] £ 9 4K
P SRR 1 70) 1A DU BT A R AR 1
ity 40 1 ) 2A $TAK (525 2 ab73350., ab288213,
ab270058) 14 [ 3% [E Abcam 23 A ; B-actin [N ZHLA |
Western blot R B bR ic 1L -5 5 1G FIBUR BpRiC
W2 EH /N R 1gG (525 : TA-09 . ZB-2301 . ZB-2305) iy
H At A2 et A Y HE ARG R A F .

1.2 FENFE —HALE IR (25 . 371Steri-
Cycle) 4 H 3% [E Thermo Fisher Scientific 23 &) ; B F5
(IS 800TS) I [ 36 [ BioTek 24 A ; 9 Y618 & i
e (A5« AxioVert. A1) W [ 5[5 ZEISS 28 A 5 H2
AL (F5: EpS 300) W [ 116 K AERHE A BR A A
T A R B O ML (S 0 5424 R) I A 7 E Eppendorf
N TAES (RS . SW-CJ-1FD) I [ 75 M 4k
WA A7 BR A A 5 52 58 6 it PCRAX (B4 : CFX
Connect) 14 [ 3¢ [E Bio-Rad A F] o

1.3 A&

1.3.1 @mfessdc HEiE: 3R A& 10% k4
I Y5 F1 1% XUPE (75 8 R -5 5 R A W) 1Y & hE
DMEM 15 323, F 37 °C .5% CO, 40 g 15 3746 v it
T o 157 20 BRI BE A 4K 28 15 S5 MR Al i BT, £ FH M 2
P AR A T AL AR AL B, R A5 ) 40 i H T I 2 5K
1.3.2 a2 K 1.69 mg Gen Fl11. 77 mg eto-
poside 43 7l % F 1 mL DMSO 5 6. 25 mmol/L Fl 20
mmol/L i #5¥ (-20 “CifENt) ; FHIFHL 1 pL 5% 0. 25 pl.
AW E N ZE | mL o8 2R 5L IR 5 R4S 6. 25
pumol/L Gen ¥, 5 pmol/L etoposide T4 ¥ , Bk A 2H W]
P AW 1 pL+0. 25 pL A H B 2 1 mL; 5t
Brgg ik m 12 fLAR AL 1 mL TAE#, 37 °C.5%
CO, 55 24 h, LG

1.3.3 CCK-8:xtmlmpai® A 5l 96 fLirh
PP IE B0 B, BEFL 100 L, A B 25 4 4k
PH24 h, R A0 BE AR o R RT, AE LA 10 pL
CCK-8 1l , e ledie o (0 5 G AR B s I &) ikt

B A KRR AR E TSR RO 1~4
h, REV R 10 SO0 A BN AR e RS 2R AR A AR
450 nm PRI E OB

1.3.4  Zafo 5% % SA-B-gal il K i 24 40 33 41
24 LR A0 M I 5745 35, FH PBS TR 3 K5, i 1 mL
T 2% 22 5 W (1) 18] 7 W 2 Wk 81 7 15 min, 4] PBS
IRUE3 U W L g 8 TARWR, B 1 B &,
T37 °C.5% CO, S F-AHREOCIET 12~16 ho Jefi 58
B AN BDES , AT RS BR YL (A, Jin PBS T4 °CIR
fF o WEEIT H 38 308 ' 2 i S8 TH 00 8 0k 0 R
F 22 B A0 B, 31530 o S A i) 7 0 o
i 2K

1.3.5 a2 ZFi# 4 KR A4 R (reverse
transcription quantitative polymerase chain reaction,
RT-qPCR)A&M R 2k ab BRAF1 6 FLAR 40 4
i FH TRIzol 3 I HE LR RNA, I 52 RNA ¢ 2 I P4
Al T8I W SRV RNA B cDNA, 7 mRNA
FaRsKE R, SR R 252X PCR 47 3 3R w6 B A%
FEH TR REY 1S . S e iU | iz AR &
A RS MED A mRNA B AR X 323k B . RT-
qPCR & U EE B P L3R 1,

%1 RT-qPCR3|¥F3
Tab.1 Sequences of primers for RT-qPCR

Gene Forward primer (5'-3") Revers primer (5'-3")
Gapdh  CAGGAGGCATTGCTGATGAT GAAGGCTGGGGCTCATTT
Prdx6  GACTCATGGGGCATTCTCTTC CAAGCTCCCGATTCCTATCATC
pl6  GGAAGGTCCCTCAGACATC

p21 GACATCTCAGGGCCGAAAAC GAATGAAGGCTAAGGCCAGAAGA

GCGCTACCTGATTCCAATTC

1.3.6 Western blot & & 54 B INZ5 A BRI 6 FL
MBS, FH AR 1 2R R R 1 R 4T SDS-
PAGE LK . FLTK T2 UG , P55 7 21 3R I — 9 & M
i T 5 %RG A=W A . SRS 8 TBST YERR, i
FESPE—PU T 4 "CR Gt 5, R H A R e 11
Gl EpU R R G AT o e R IG5
2 ROGE R T AL S e 2 A AU Im-
age) BCF A A5 K BEAE, AR H 5 8 AR X 3R
k.

1.3.7 RAERRLFE FMLGLIRGFH) 24 FLREK
B, FH PBS YL 31K, 4 %% T [ 2 30 min,
DA% 0. 2% Triton X-100 7 ¥ 18 375 41 Jfd 5% , 1% BSA
HAWWHE 1 he INFETHE—9 T4 CRELHE, K
H 3856 FH Alexa Fluor 488 — 407 1 h, DAPI & L4
A% 10 min, FEPLDOET KGN R, 37 B2
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1.3.8 Prdx6-siRNA #£ %  4EFK 5] 70% ~80%
£ 2 32 1 C28/12 3B 2 it 6 LA, W sl i,
PBSPEVRANME . P G 1R 2 B Opti-MEM #5575 &
43 5 #i B Lipofectamine™ 3000 3t 71 #1 Prdx6-siRNA
ol B PR X B SiRNA B 8RS k2R 15~20
min ILE G, G G WE T I F T Ry R
FER ML R R B IR R . A SR AR
6 h 5 B Ry e A IR SR AL A 25 ) )5 b e s R R n]
TF R 5 2505

1.3.9 Gen % F 5 Prdx6 & @ 8 s- 4 H| J
Autodock FEAT 737 Xf 452 525, I 1 H] Pymlol 1 Lig-
plus PEA 745 R AT AL, /R Gen 43T 5 Prdx6 2 H
HAEM.

1.4 Zit=438 R Graphpad prism 8. 0 #4457
MBI TR ORI DL s R, 40 22 57 LR
P ZE T 22530, P2 [R) 22 5 04 FL SR FH e K 56, DA
P<0. 05 N ZERA G R

2 #R

2.1 Gen 3t etoposide i 51 C28/12 2k & 4 Al 40 i
EAMEM  CCK-8 L4 R s, (i FHAS [A] vk
JE ) etoposide(1.5.10,20,50 pmol/L ) ZbFH C28/12 4%
‘HHYIML 24 h J5 , 5 Control A LL , 5 pmol/L K2 L) |-
S ZH 20 5 PR AL L SO A 5 umol /L 3 AR R
(1=5.39,P<0.01), WL 1A, FHA[E % JE Gen Ab 3
C28/12 3 H 4 ffL 24 h 5 , 5 Control HAH L , Gen [y
FEFE 25 pmol/L LA, 7 52 1 4 B 35 14 , >4 Gen AY M
£ >50 pmol/L W 41 A 7% Pk T B, 278 25 pumol/L A
Gen [ % 424 IR (1=12. 07, P<0.01) , /L& 1B,
a5 pumol/L etoposide SRR MR BE Gen (6. 25,

12.5,25,50, 100 pmol/L) 3 4k B C28/12 %5 F- 4 fifd
24 h & , 5 etoposide 41 Lt , Gen + etoposide 41 4
Gen HH B IAH 6. 25 pumol/L H, AL FE M4 . A
I, B 6.25 pmol/L ¥ FE Gen H F J5 22 WF 5% (1=
18.60,P<0.01), LK 1C.,
2.2 Gen*f etoposide i S/ C28/I2 &
TEBEN NI Gen X etoposide 175 5 19 C28/12
T B 2 ) 52, K FH etoposide 175 5 237 €28/
12 5 F A0 M o 2 Gl 22 T O R G N 2 A O R
Fro Western blot K 2% 5 i 7« 5 Control ZHAH L,
etoposide 21 T EAREY) p21 . pl6 [ HFRIETHE (1=
8. 89, P<0.01;1=2.45, P<0.05) ; 5 etoposide &1 #f
It , Gen+etoposide ZH 3% bR W) p21 . p16 1) & H [%
i (1=4. 70, P<0. 01;:=7. 24, P<0.05) , VL& 2A-2C.,
RT-qPCR % 25 5 7R : 55 Control 41 #H Lt , etoposide
21 bR AW p21 pl6 (9 FE R 33K T i (1=8. 85,
7.93, ¥ P<0.01) ; 5 etoposide ZH A It , Gen+etopo-
side 41 T % A5 & W) p21 . p16 (1) 3 R 3% 35 (% AIK (=
3.94.6.05,% P<0.01), WLIKI 2D \2E. e 561k
ZE R IR . 5 Control ZHAH LU, etoposide ZH 3 & bR i
Yy p21 . pl6 /Y5 658 FE T+ (1=5. 61.30. 38, 1 P<
0.01) ; 5 etoposide ZH A [t , Gen+etoposide 21 & & br
B p21 . pl6 A 5 iR B B AL (1=2. 78 . P<0. 055 1=
13.25,P<0.01), WLIKI 2F .2G. SA-B-gal YL (o245 54 g
7R+ 5 Control ZL 4 It , etoposide ZH 3 # 4l i FH P %
F+ & (1=14. 61, P<0. 01) ; 55 etoposide 41 # It , Gen+
et0p051de 21 2 A0 i PH P SR A (1=5. 90, P<0. 01) ,
UL 2H, Ph b 25 14278 Gen BEA 2L il etoposide
ﬁ@%ﬂﬁﬁ M.
2.3 GenXtREZIE YA+ Prdx6 R XK #H
Western blot 4 I C28/12 %5 B 40 Jil 5 & A ¢ & H

240 e 40 ey

A B C
100F M/ = #% 120 100 F = oo m
I O o 1 7 o # 4
— - ——
S sok EE ,_\100 i S 2 < 80k sk T A
< X o <
> ~ 80F sk k% =
= 60F 2z E 60t
S £ o0r - s
Z 40F = Z 40r
5 | 5
201 © 5l 201
0 0
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Fig.1 The effects of Gen on the viability of etoposide-induced C28/12 chondrocytes

A': The effects of different concentrations of etoposide on the viability of C28/12 chondrocytes detected by CCK-8 assay; B: Cytotoxicity of different

concentrations of Gen on C28/I2 chondrocytes detected by CCK-8 assay; C: Viability of C28/12 chondrocytes treated with Gen combined with etoposide

detected by CCK-8 assay;

P<0. 01 vs Control group;” P<0. 05, P<0. 01 vs etoposide group.
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Fig.2 The effects of Gen on etoposide-induced senescence of C28/12 chondrocytes
A-C: Western blot analysis of p21 and p16 protein expression in C28/12 cells in each group; D,E: RT-qPCR detection of p2/ and p/6 mRNA lev-
els; F,G: Immunofluorescence staining showing the fluorescence intensity of p21 and p16  X200; H: Statistical analysis of the positive rate of senes-

cent cells by SA-B-gal staining  %x200; a: Control group; b: etoposide group; c: Gen group; d: Gen + etoposide group; "P<0. 05, "P<0. 01 vs Con-

trol group;*P<0. 05,%P<0. 01 vs etoposide group.

Prdx6 AR5 K, G5 B IR, 5 Control 4HAH HE , eto- 5 etoposide HAH L, Gen+etoposide ZH Prdx6 14 A
poside ZH Prdx6 (1) £ [1 3R A FE A (1=4. 36, P<0. 05) ; F+ 5 (1=5. 50, P<0. 01) , WLIKI 3A. RT-qPCR %5 2 ik
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7R+ 5 Control ZHAH LU , etoposide 2H Prdx6 1 3£ K 2 ik
&A% (1=13.77, P<0.01) ; 5 etoposide 414 [t , Gen+
etoposide 41 Prdx6 1) 3 [F 3% ik 7+ & (1=4. 58, P<
0.01), WLIEEI 3B, 7 e H Ak i S 4k ) B (glutathione
peroxidase , GPx ) 1ifi P4 52 56 45 5 i 7R« 5 Control 2 4H
FE, si-Prdx6 2 GPx i LI (1=5. 04, P<0.01) 5 5
si-Prdx6 20 #H Lt , Gen+si-Prdx6 2 Prdx6 [ GPx 7% £
$e 7t (1=3.55,P<0.05) , WLIKI 3C. 43 F X 455000 45
H R, Gen (PubChem CID:5280961) 5 Prdx6(Uni-
Prot ID: P30041) £ A X 4547 AU , 45 & AE-25. 104
kJ/mol, IESE Gen ] ELS 45 Prdx6. YLK 3D-3G. %3
I, Gen A F+ 155 Prdx6 3k FIK & 3o S AL Wy g 0% 7
AT etoposide 75 5 Y 4R H AL 3

2.4 BLAR Prdx6 J5 Gen 33 308 40 B 5= & 9 1
il 12 5% G Prdx6-siRNA @ Ik Prdx6. RT-qPCR 55 55
5 R WK - 5 si-NC X LA LL , si-Prdx6 % 44 41
Prdx6 mRNA 7K R AR, I 52 S R AR 0 4 2 A 2l (1=
5.59,P<0.01), ULIE 4A. >k H RT-qPCR K il 4 21
4 i p21 N pl6 338, 45 R R« 5 Control 414
[t , etoposide 2 p21 \p16 Fik # F 5 (1=15. 73 .6. 62,
1) P<0.01) ; 5 etoposide ZH #H [t , Gen+etoposide+si-
NC 4 p21.pl6 3 ik & FEAL (1=3.51, 7. 11 ¥ P<
0.01); 5 Gen+etoposide+si-NC HAH L, Gen+etopo-

side+si-Prdx6 41 /1 p21 . p16 ) mRNA 235 T+ & (1=
4.33.7.12,% P<0.01) , WIK 4B . 4C. Y
RN A A0 p21 Flplo BIZRIK AR s 5
Control ZHH [t , etoposide ZH p21 . p16 ik &7 F+ 5 (1=
10. 75.29. 96,3 P<0. 01) ; 55 etoposide LA LY , Gen+
etoposide+si-NC 2 p21.pl6 %3k 1| AR (1=7. 01,
15. 48,%) P<0.01) ; 5 Gen+etoposide+si-NC 41 [t
Gen+etoposide+si-Prdx6 2 H1 5 ZFr i ¥ p21 .p16 £Y
5658 B TF (1=4. 05, 1=7. 35, # P<0.01) , WL
4D 4AE. &R @K Prdx6 AT L Gen 90 il 4B 20
JH 3 2 A T, A A 2
3 g

TR —NE RN 27 H SR, HE15]) DNA
PO e H 5 5 I HLRIIR &R R N T R 58— T 1
5 it LA G 5 A1 1 R G 114 ) 8 B A R0 Bt A
TR A PRISARAE" . etoposide 1 i DNA 51473 iY
Pa b S M 1L 400050, BE A% 40 ] A A AR DG R
AL, Bz R-HE A BHA R G REZ 0, H B
RIE PR 235 | DR AR R BT B Ak
O TR 4 i LA B A R A A AT, 2 o A Y o
R, HETA BRI T UESE B A T
SE A ML AN B A T Y OGBS . R R R

A B C
g 15p 201 =, 8001 N
a b c d ku E H <\§ g
g1 600
[ <
B-actin — = -- 42 ° LOF * é S: g
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Fig.3 The effects of Gen on Prdx6 expression in senescent chondrocytes

A': Western blot analysis of Prdx6 protein expression in C28/I2 cells in each group; B: RT-qPCR detection of Prdx6 mRNA levels; C: Determina-

tion of GPx activity using a GPx assay kit; D: Overall view of molecular docking between Gen and Prdx6; E: Gen embedded in the active binding region

of Prdx6 protein; F: The Genistein-Prdx6 complex maintained conformational stability through multiple hydrogen bond interactions; G: 2D interaction

diagram showing that Gen bound to Prdx6; a: Control group; b: etoposide group; c: Gen group; d: Gen + etoposide group; e: si-Prdx6 group; f: si-

Prdx6+ Gen group; "P<0. 05, ™ P<0. 01 vs Control group; *P<0. 01 vs etoposide group; “P<0. 05 vs si-Prdx6 group.
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Fig.4 Impact of genistein on chondrocyte senescence after Prdx6 knockdown
A: RT-qPCR detection of prdx6 mRNA levels; B, C: RT-qPCR detection of p21 and p/6 mRNA levels; D, E: Immunofluorescence staining show-

ing the fluorescence expression intensity of p21 and pl6  X200; a: si-NC group; b:si-Prdx6 group; c¢: Control group; d: etoposide group; e: Gen +
etoposide + si-NC group; f: Gen + etoposide+si-Prdx6 group; ““P<0. 01 vs si-NC group; ~P<0. 01 vs Control group; *P<0.01 vs etoposide group;

88p<0. 01 vs Gen+etoposide+si-NC group.

B A T H LIRS RO SRR A B TR R AR
AT RSB 00 e A XS o 36 e L ] 8] 9 2 A O 6 AACRHOIRZS T, i i TR A T S A A
BRA S I, I R RO SO A IE ARSI IR SRR T T e R o R A Al
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PEECE AN 2 o WFSE R W], Gen AT 3 Ao 410
A N TS 53 B, D R A B P B B e A S
BL KA o AW IR AIRIT Gen IIPTHCH 4
ffa ML, R etoposide 15 5 C28/12 %5 41 i 44
A, ZUE BRI G, AR R
W p21 Ml pl6 ik i3 FE ;1 Gen Ab PRI 32 - Ehr i
Y1 p21 Flpl6 ik 35 T e UESE Gen A AW I K
M.

Prdx6 1y it S8 A W30 I 2 1 28 Ik vh B R
Pt 18 A R R R A A L AR IR AR S L
KL AR BE A S 0 T {5 S i b G BEAE
Y ARWFFEH, etoposide 175 5 C28/12 i 4l il 5=
#h Prdx6 3215 T, A Gen T 15 , Prdx6 ik I+
Tho atlad GPx R & A I 45 5 o, B fIK Prdx6 J&
GPx & TR AL ; N Gen Kb B , GPx TG PEIE T, 456
RS2 B B Gen 5 Prdx6 1L 45 44 38045 5=
PEZE SIS UEH] Gen T[] Prdx6. SR J5 ME— 204K
5% Prdx6 7E Gen HUHCH 40 i 2k 2 VR T L F 5
K ] Prdx6-siRNA A 5 1 56 R AR SE 86 0 25 2R 8
7N, Prdx6 H I 5 5 B bR Y p21 pl6 (R IA 743 5]
e, e B IS prdx6 1T LU % Gen X 4K E 4B 0 %
AR o BROHHE DY Gen FTAE 2 38 3 14 Prdx6
HGPx TP | 4E 37 50F 20 48 A 30 T AR 2 41 ) vy
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Protective effect and mechanism of genistein on

etoposide-induced chondrocyte senescence
Wang Jinhong'?, Chen Tianyu'?, Mao Lifang'*, Zhao Yingjie'*>, Zhou Renpeng'*, Hu Wei'?, Lu Chao'"
(' School of Pharmacy , Anhui Medical University , Hefei ~ 230032; > Drug Clinical Trial Research Center,
The Second Affiliated Hospital of Anhui Medical University , Hefei 230601 ; * Drug Clinical Trial Research
Center, The First Affiliated Hospital of Anhui University of Science and Technology , Huainan ~ 232007)

Abstract Objective To investigate the protective effect of genistein (Gen) on etoposide-induced chondrocyte se-
nescence and its underlying mechanism. Methods The C28/12 cell line was treated with different concentrations
of Gen and etoposide, and the cell viability was detected by the CCK-8 assay. The senescence model of C28/12
chondrocytes was induced by etoposide, with Gen intervention. Senescence-associated B-galactosidase (SA-B-gal)
staining was performed to detect the senescence-positive rate and staining characteristics of chondrocytes. The ex-
pressions of peroxiredoxin 6 (Prdx6) , cyclin-dependent kinaseto clarify the functional necessity of Prdx6. Results
Compared with the etoposide group, the C28/12 chondrocyte viability significantly increased (P<0.01), the expres-
sion ofsenescence-associated proteins p21 and p16 decreased (P<0.01, P<0.05), the expression of senescence-
associated genes p21 and p16 reduced (both P<0.01), the fluorescence intensity of senescence-associated proteins
p21 and pl6 was diminished (P<0.05, P<0.01), and the proportion of SA-p-gal-positive cells decreased (P<
0.01) in the Gen+etoposide group. Compared with the Control group, the expression of Prdx6 was downregulated
in the etoposide group (P<0.05). Compared with the etoposide group, the expression of Prdx6 was upregulated in
the Gen+etoposide group (P<0.01). Compared with the Control group, the GPx activity significantly decreased in
the si-Prdx6 group (P<0.01). Furthermore, compared with the si-Prdx6 group, the GPx activity increased in the
si-Prdx6+Gen group (P<0.05). Molecular docking results revealed that Gen formed hydrogen bond interactions
with the active site of Prdx6. After Prdx6 knockdown, the expression of senescence-associated genes p21 and pl6
and the fluorescence intensity of senescence-associated proteins p21 and p16 both increased in the Gen+etoposide+
si-Prdx6 group (both P<0.01). Conclusion Gen can inhibit etoposide-induced senescence of C28/12 chondro-
cytes by upregulating the expression of Prdx6. This study provides potential drug targets and experimental basis for
the prevention and treatment of chondrocyte senescence-related diseases.
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