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H E

MAERLER
B IR HE(OA) AE — Tl WL 1) 8 P A0 A 8 AH DG IR AT PR OG5 i - 2020 4F

OA C&HAA M R EIRR G m KRR L —, 45 T RE St it e R )t .
ZIRARRFE R, FEGRKTHZFENE, 66 DL EABERREAE 50% U L.
B O R B e AR RE R ARSI SR ANE S Z R, R E 2 R
R, R HERE, RN KT TEEATES. RECEHE T
— oA WK ER, WmiEE. MR ERE, HEATGERE KN
T A itk TR B O R I R . METX T OA WVRYT, FEA B e
0 J1E PN S R A P S S A BT R 24 R SIS T I 2 W G2 AR IR R O R
A SR N, SR A BT IR AN RE MR A Bl L B R AR A RAEHERE, H g
BT IN SRl BB 0 oy PR AN gk g, TR T R RN, T B 1 ME—
7715 RAE H RT3 A B A T A IR KI5, (AT RAAAE R IR 1t . PRI 5
WHE A AR AIEERR) OA IBYT Tt oy H AT # AR sl . TXNRDI &
BAAETHS MMM+, 2 HB AN T Rk ETE. et MilEg,
Wi T NADPH MRt dic e B 1 (Trxl) Bisb, B KA TE. DNA
S RIS I B2 BTN . FETRATTA AT AR 72 & B TXNRD1
TE IL -1 BRI /N R A 4 i 4 B A OA B e R i 25 B, IEBH TXNRD1
FERTTHIAAM OA B HAHEEANEH . M, 7EMH] TXNRDI J&#E 41
R 9 2 R ) AR R 4 BA R 73 AL P e e o AT T I A 2R SR I,
0 TXNRD1 # ik B 7] DSOS Nref2 {5 5388, JF Hid £ JUFE R — SR i,
—ANMEIRE Trx R4, FiAl2 TXNRDI, SFFH0H] Nrf2 i sos 2 1R 2.
SERATTHEN : #0] TXNRDI 3= ZE30 5 (e #k Nrf2 B30, AT G2 o< 9 1 i i
ARSI B T OA Ik JE. T TXNRDI £ OA HHEA R KRB A
Yz Dige, WA LEE B TXNRDL /£ OA KAEKEHIIER KL
L S IWIReS

(D WEEFEHEEEE RGN OA BE T aIEFHREHI. Western blot I
qPCR A5 I 1F 5 AR B 3R M OA B s 4 TXNRDI KR IEKF. R 57
FIL-1B A T/ BUCE 40 PR A AR /b 4 i OA #5784, qPCR A1 Western blot $
AR ATl TXNRD1 S H 20 A 1 J5 J5g AH 5 28 R AN B 1 3R IR 7K (1 28 4k
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(2) 7 nl R TXNRDI1 B85 5 A0 75 Auranofin F1 siRNA-TXNRD1 SR A
TXNRDI1, #4840 TXNRD1 Ji5 % 240 f 20 J5 5 AH 5% 25 A0 Nref2 DL HO-1
RIE BT

(3D FE/N SRR 4 M o G si-Nrf2 FF NN Auranofin, 235 Far il 40 40 fu e Y J
LA AL oA 0 H I R KPR, AT E — 28 B L B AR L

(4) 7E/NRBCE AN #4 4L si-TXNRDI I ML385 (Nrf2 $lif5)) , B
RO W6 4 L 2 28 % HL A B A0 R O AH G R 1 R 3R KT AR Ak, ATk — 25 B i
HARMLH .

(5) £ DMM /)RR A A iy E S Auranofin, #3410 [E 4% HE 46, DL A s 204k
SRS /)N B3R 2R T 1 0 A 2 S B 3R R KT
MAGRESE®

(1) TXNRDI ] mRNA Fl& /K FAE OA B3 R HCE R B, R4
SEIGUER, 7E IL-1B/EA T, TXNRDI ) mRNA FE A REKTF L, HEA
FIEIKF S TR Tt o

(2) Auranofin 7 %2 4=y FE Yu FEl P9 AT DA 3E Nrf2 A1 HO-1 23K R 4 i 40 34 i
A R HLP0 40 B AN R A AR . DTER TXNRDI A B B i COL2A1,S0X9 3

IE7KF AR R MMP13, ADAMTSS H261K5 7K, M 4 57 0B 4 i 735 i ) £
=x=

(3) PUER Nrf2 BEFIHI] Auranofin X 4K & 4 g 7N 51 I BR3P AE F s [RIARE, $00H] Nrf2
REHKVH UTER TXNRD X 8 gu o 43650 ) AR VR &7~ i TXNRD1 A 7] &8
FE T IO Nrf2 15 538 B K &A% 90 4l i A0 35 B (K AR 7E F

(4) TEARPIES Auranofin J& BEE RUGZ AR /N BRI TT HCH B IR BE AN RIS Nrf2
IRIE, #E—2FBHIHE] TXNRDI 7E OA 4R F UL ZEAR Y AL
FEE: TXNRDI (AR EEEER 1) , Nef2 (BAHERET 2) , FXL,
B, IL-1p, 4H0PuARNE)E, DMM A7,
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Abstract

ABSTRACT

Background and objective

Osteoarthritis (OA) is a common degenerative joint condition that worsens with
aging. By 2020, OA will surpass diabetes as the fourth most crippling disease in the
world, imposing a tremendous financial pressure on families and society. The
prevalence of those over 65 years old is over 50%, and the disease has a significant
incidence in the middle-aged and older population. Chronic joint pain and restricted
mobility are the predominant clinical symptoms of OA, which are primarily driven on
by synovitis, articular cartilage deterioration, osteophyte development, and
subchondral bone sclerosis. Although aging, obesity, and metabolic problems have all
been identified as OA risk factors, there are presently no effective therapies to prevent
the progression of OA. The only effective treatment for osteoarthritis (OA) currently
is joint replacement. Early treatment of OA involves mainly joint cavity injection
lubricant or use of non-steroidal anti-inflammatory drugs and steroid drugs to
alleviate symptoms, reduce joint pain, and inhibit inflammation. However, the above
method cannot fundamentally reverse the process of cartilage degeneration and
inflammation, can only temporarily relieve partial pain, and disease progression.
There are still limitations despite the enormous potential of contemporary medications
and regenerative therapies. The seek for OA treatment methods that are safer, more
efficient, and reliable has thus taken precedence. TXNRD1 is mainly found in the
cytoplasm of tissues and is the most studied and understood isoenzyme. It is a
selenoprotein that promotes thioredoxin 1 (Trx1) reduction in an NADPH-dependent
manner, and it involves cell proliferation, DNA replication, stress-induced premature
senescence, and anti-oxidative stress. In our previous study, we found that TXNRD1
was significantly upregulated in IL-1p-stimulated mouse primary chondrocytes and in
cartilage from OA patients, demonstrating that TXNRD1 has an important role in
articular cartilage homeostasis and OA progression. However, no studies have
reported the expression of related genes in chondrocytes after TXNRDI1 inhibition.
Our study revealed that inhibiting TXNRDI has been shown to activate Nrf2
signaling, and several studies over the past few years showed that an active Trx
system, and TXNRDI1 in particular, is important for inhibiting Nrf2 activation.
Therefore, we speculate that the inhibition of TXNRD1 is mainly activated through
the activation of Nrf2, thus alleviating the degradation of the extracellular matrix of

the articular cartilage and then inhibiting the development of OA. Given the critical
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biological functions of TXNRDI1 in OA, it is imperative to elucidate the role of
TXNRDI in the development of OA and its molecular mechanisms.

Research methods

(1) Western blot , gPCR and immunohistochemistry were used to determine the
expression level of TXNRDI in the cartilage tissues of OA patients and normal
individuals. IL-1p was used on mouse chondrocytes to establish vitro OA model,
Chondrocytes from mouse were stimulated with IL-1p for various durations (0, 2, 4, 6
days), and the expression of TXNRDI1, COL2al, ADAMTSS, SOX9, MMP9 and
MMP13 were assessed by qPCR and Western Blot.

(2) Auranofin and small interfering RNA(siRNA) were utilized to investigate how
inhibition of TXNRDI1 affected the IL-1B-induced ECM degradation and the
expression of ECM-related genes. qPCR was originally utilized to examine the
mRNA expression levels of MMP9, MMP13, COL2aland SOX9. Western Blot was
used to measure the expression of MMP13, ADAMTSS, COL2al and SOX9
following auranofin treatment or siTXNRDI.

(3) The si-Nrf2 was transfected in mouse chondrocytes, followed by the detection of
the changes in the expression levels of the chondrocyte phenotype and
ECM-associated proteins, thus further clarifying the specific mechanism.

(4) ML385 (Nrf2 inhibitor) was used to explore the mechanism of si-TXNRDI on
cartilage ECM, and Western blot was used to detect the expression level changes of
the chondrocyte phenotype and its ECM-associated proteins, so as to further clarify
the specific mechanism.

(5) Auranofin was injected into the DMM mouse model, and the degree of cartilage
surface damage and protein expression level were measured by HE staining, Safranin
O/fast green staining and immunohistochemistry.

Results and Conclusions

(1) The mRNA and protein levels of TXNRD1 were significantly upregulated in the
articular cartilage of OA patients, and in vitro cytology experiments demonstrated that
the mRNA and protein expression levels were upregulated under IL-1f treatment, and
the protein expression level increased in a time gradient.

(2) Auranofin promote the expression of Nrf2 and HO-1 and the synthesis of
extracellular matrix and inhibit the degradation of extracellular matrix in the safe

concentration range. Silencing TXNRDI can up-regulate the expression levels of
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COL2A1 and SOX9 and down-regulate the expression levels of MMPI13 and
ADAMTSS, thus maintaining the homeostasis of chondrocyte extracellular matrix.
(3) Silencing Nrf2 inhibited the protective effect of auranofin on cartilage ECM;
similarly, inhibiting Nrf2 counteracts the protective effect of siTXNRD1, suggesting
that TXNRDI inhibition may exert the protective effect on cartilage extracellular
matrix by activating Nrf2 signaling pathway.
(4) Injection of auranofin into the knee joint of mice effectively alleviated the degree
of articular cartilage destruction and reduced the expression of Nrf2, further
supporting the role of TXNRDI inhibition in OA and its mechanism in vivo.

Key words: TXNRDI1, Nrf2, Osteoarthritis, chondrocytes, IL-1B, extracellular
matrix, DMM model.
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1.1 OA HIFfFRENAR

HRTTR (Osteoarthritis, OA) & — i LI R IR A2 A BEEL AR 12 50
TP, 12 T LUB IR AN KT TG SRR AS Oy I R R I, P E RN R
FAERE" . L, 2020 £ OA &M AEERS I KBIRER, %L
R THREFENEE, H65 2 U FHZENERFOEHIT 50%" . mEmR
S MERIE R T ERKLHEDMETF 78" 54, BB N D2
JEANAERE ABUIIE 22, S OA FF IS W RIIA R T o8 B i sk ™

H AT OA WG YT 25 4Wia T MFRIGIT - FE 5 R R F A F 2R A
YNIBYT, X GRS IR AR AR PT R 25 29097 OA I FZELW), T Lh—E R
R4 51 A TR A 1) A8 RE SN, B T 3 5 7 e SR T ¢ 7 7t AT DA e
W MR T LRI OA, BH WAIIRIT 7 3R LT B SR FAR T,
SR, DA EJTEAFEIRAE N RITER, I8 T AT Re 20 B i . AT B = A
—E R, FARIEIT WA ReAAE R, MAREREIHAIE. Roh, PLEFEI
ANREMARA L3 e i B AR, U RE BT A 2 M R O PO SR IR ™ . TR,
H—PHH9E OA MIAIR R = AR E OA WIS+ A b2, FEHIFHRE NI
. AR FTEERE OA BYTHEM, SHRIEME TS SO 1T B AT R
MAE R X OA WYY B 0 E )R Lo

1.2 BEAERAILEES 1 (thioredoxin reductase 1, TXNRD1) #EE
XBRPHER

OA 1 7 B95 ¥ A4 FRASE & 41 B 4 2L 57 (Extracellular matrix, ECM) ) [ il A
FARE FEOCTHEIRE . ECM Z2#CE 40 sha 38, IEH K3 s ECM £
e 11 A9 JR 25 1 (Type 1T Collagen, COL2A 1) F 25 14 50 (Aggrecan) ZH & .
FiAk, BT ORI ECE B R, e 4R AR E R AR ECM (AR 8 AR R A%
FEREEMER" . FR, REAREL. HMERET R — RIE S H S H S5
M4 BE R B A A < o I 1B T AU T R 2 4T A A S R A A O 3 A
(MMPs) F155 il /MR BN B 38 17 ) i B2 6 35 FH 2 & B2 B 1 (ADAMITS) 3R 1A
W fE MMPs fil ADAMTS 1, MMP9. MMP13 fll ADADMTS £ 41 #h 3 Jii
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WA R E A, 23 ECM BT EE OA R4 K& . 1LAb,
IL-1B7] 5] 2 4B 20 B 28 P40 B R 1 R TEORMIE R R R I 208, AT A ECML
TR 4> CRAEE A RFEA 1T R ) BT ™. 7E OA H, B 3L 5T & LR B it
RSP ETRAT A, BRI AR IR . R, 6 2] ECM [ A o< £ K]
()22 1K ] B A 4ERF e T8 BEME A N IR AR S (I8 7 SR B
FEABFFE T, TATWEE 73F OA BB IEH g Al OA BE I EIRA, K

BUAHLE FIE R CE, OA BE W H TXNRDI HIRIE/KPAAIEHE B, [FE
FEARSME 2 S5 IR 1 /N SR 4 AR IL-1BHHIE T, TXNRDI FIER K
B E ETE. ARSI TXNRDI 1457 Auranofin 5. JTER TXNRD1 3K )5,
BE ECM M2 7R . thah, RATE S HE N AR KR

(destabilization of the medial meniscus, DMM) /)NRAERY, FH7E ST i A v At
Auranofin, 55 %R/ R R AR RE B B B2 . il L Segs aT DAUERH G
WARTER N IEZARSL, 7] TXNRDI1 fEfR 7 OA ¥l ECM MZERERTTE RS
R R EAER . HRH A BRG] M AE R, WIS . Bk, )
HLE I TXNRDI 7£ OA KK EF VR KL, i OA K&
VB TR LE BT THRE A

1.3 Nri2 ESEBEEEXHR

IR T (R A74 2) ¥EEE 1 2 (Nuclear factor (erythroid-derived 2) -like 2,
Nrf2) {E AR PUEAL B R G0 — R oes i s IR 7 E B8 kA T e
B[R S B3 F K B AL R B TG #F (ARESs) SRIECE H R Rk, AEE
Ah B I 21 248 1 (HO-1)#1 NAD(P)H : B EALIiE JR B 1 (NQO1)™ . Nrf2 y&
ZZMEABHERERE, W keapl M FHZRMUEMR . EOWEF C/LRFE
10 8 (MAPK) /S BE IR 25 ™ . Nrf2/ARE HIOE CE & OA H#EFE
Hh 3 BB BRI R T, A Tl 8 TR R S O S B R R
Bl — TS 20 B 1 2 S BRAG BRI 1 R AR R B, S Nrf2 7T AR OA. ik
Ak, 75 OA WISZIGRBIA HH, Nrf2 @R/ BRAE 7 H bR AR 2 /) BRBE ™ 35 1 | B A
X B Nrf2 0% BB B8 . — RSN R R B, Nef2 78 (R4 % 40
M3z IL 1B T (M A AL LTRSS E ™ & & 2By IR Bl ) — L
YA 22 53 2 i AR TE 7] UK SR A 2R AR 2207 A
i Nrf2 A1 5 HO-1 4Ry Bg ™™ . T B R E, BRATIN N Nif2 15
SIEKEAESE OA BB P EE A



1.4 Nrf2 5§ TXNRD1 fE B X R P X RIFT

o ZJVERFZ AR, —MMEEMER Trx 248, Finld TXNRDL, %)
T4 Nef2 B R EE . SRR, R E R = B i 41
R Sec i NI AE [ BT 7 1Y t(RNASec 2 (Kl (Trsp) , S il &5 2 g 2>, 2L
Nrf2 (SR ZNET, FEE SR 1T MAMBTEACE = . MFRIEERY, Nrf2
7 SR AV B T2 KA B (W TrxR1) RIEMER="",  BAL LR T4
MBI L DRSS, TrxR1 VEPEFEK S ENrf2 3G . Flil, Fourquet %6 A
$2 i shRNA /T TrxR1 @K A AR #E H202 /13 1) Keapl £ Cys151 [F)% 4k
LS Nef2 fIFasE"™, DRI Trx R G0k 41 1R 6% AT A2 — AN 55 2 1) 5 4]
55 kA, 7F siRNA A3 TrxR1 R AR SN S Clara 41", 3 7E TXNRD1
Ry SRR N R AT AR R, W3 Nrf2 £ g Al QS « Nrf2 %6 TrxR1 1)
R /R BB AE TXNRDI Rtbg /N SRR G AT 4E 40 rp o g2 21, 28 BRIk, iX
B g2t s 203 s TrxR1 A Nrf2 Z [ /A7E LR DI RE IR R, XA BRI TrxR1
e N EEZ R EANA G IBPIIP S 1



55 2 T TXNRDL AR KT 28 o [ 3RGK KT LA TXNRD1 frefy 4 i b Ik S5t A R 7

%8 2 F TXNRDI1 fFEBXBRPHIFTRIEKF LB HDE]
TXNRD1 {RiFHIMERIERA B

2.1 sSElas

2.1.1 IR RAR A B B & AR i &R

AT DR 975 75 EEABUBE ) L H B AT IR SR T EL BRI OA SRATECE b AL 12 491,
IEH B A OA BB A 6 ] AHT SR 2R B KR — R R e & R
HeHE, IF BAEROREHT & AR AT 228 R R 5

2.1.2 BB MARRSRIIR

BN A B CSTBL/6T /N RRARSE, F 75 % BAE W 30 708, FHRELHE &M T
FHESWCREILI, B, s AR HEE 20, MG B R 12, K
BA PBS (s FRMgp, BIRCK/N Imm fUREER, 2 SRR EERL S 15mL B0
B, JERS L PBS REIEGE 3, A AR OE A 0. 25 % R
23 3mL, JAE 3T CIIEIRREIR T E TGN RY The HATEREE O E G 5
e, 3 ETERUS N 0. 2% T BUE R BGVAT 5 mL, 4R8R7E 37°CIEIRREIR
FHAL 4he EOSHE R 100 BIFRGEIE, SRR R 15 mL BO
BN, A OHLABC bmin. FF BIEW, H DMED 577 2 53 B 40 i i 7%
BIFEFEMAA, £E 37°C. 5% CO2. [MAMMELFRAENEEFE, WM 2-3 R¥e— I,
TE B N RN T A R A KA I

2.1.3 FENH{FRE

CO2 4Hffu¥% 7748 2E Thermo A
MR IE Eppendorf A ]
FEEHLATI AP fEE Leica A F]

Il BT H A Nikon A A

SEI 2O E B PCR X 35 [H Bio-Rad A ]
ki €[ Bio-Rad A ]
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ali7k4x ZEE Millipore 2

RV 1L AR EREY) P A IR A
VAR TN GRS IR A7
-80°CHURIR VKA /R AF]

IGIR B 0L 5 E Eppendorf A ]

fighr{X 32 Bio-Rad /7]

TEIR K TN ISR R IR A A
i TAES WARMERAEY AR A F
Jii7K#l DIAPATH

B KF  Hit Mettler Toledo A A

e TR B B 1L AR REY) P AT PR A
W R IGHEER % 54t 35 Thermo 2 7]
MM%A7E K<HE Gbico A FH

M A B E IR AR 2 A
WRTE B e R A 4 PR A 7

2.1.4 FEK5

DMEM/F12 #57#%: 3EE Gibeco A 7]

& RNA 20 A & b eXEEMEARA IR A F]
Trizol JbHAEXESEDHAFIRAF
Wi s 3Gf) & H A TaKaRa A A

PCR i{jl& H 7 TaKaRa A F]

ToK Ol EZER A A R A A

FEE  Pabef TR A A

BRI AL R SRR R AR A R 2 7

TR BRI 1) Ak 3 R SR R AR PR A H
SDS-PAGE &l #iaif & U LAY TG R A
EDTA $iJsi 8 H M R4 R ARG IRA
Loading Buffer ]t &K EAVEHIA IR A 7]

DAB &5 R4 R AR A R A A

Marker #7185 3 [E Thermo A F

AR Wy B LAY TAEA TR A A

- E-20 JEIRESEEAVRH AR A A

R bR REEEMREARA A
JREEE AL RREAYRHE AR A A
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4% Z MR BN ERE R AR R 2 A

FEhif 1gG RIUE 84 TIEA R AT

FEHR G RPUE - EAY TIEA R A F

FPi/hE MMP13 gk sQUH LAY TREA TR 2w
RPN SOX9 Fidk slpUs LR AEY) THARA A
Fubi/hR ADAMTSS Fifhk sl LAY TG R AR
Fufi/hE Collagen IFiE sl LAY TIEARA A
NPT GAPDH Hidlk ®pUH L4849 THEA R A A
MR L R EEVREAERA A

PBS BRELZZMIAE bR K FEAEMEHIA R A 7]
DMSO (Z—HIETAK) KEH Sigma A H]

AR JER b RZ K EEMRHCA R A7

fiask1iiE SKE Gibeo 2]

THBR -4 2 i NC iR 3£ [E Millipore A 7]

CCK-8 il R4y THEARA A

R ECL th % ROl & il B RAEME AR KA R A A
HER HERMW LR RFEDRHCARA A
IL-1B 3£ [H PeproTech A F]

RIPA 2 ALK RS A R ARG PR A F]

BCA HH LM E K& £E Thermo 2w
RO RAAE R RREEYREAERA A
—PL PR U LAY TEARAF

HE R 28 AL A BR A A

Triton X-100 Jb3Z K EDRHA PR A F]

Auranofin 32 [E MedChemexpress(MCE) ‘A #]

ML385 [ MedChemexpress(MCE)/A 7]

2.1.5 LR P AR 7 A BT

(1) BeEdnfuss 7= 2L aes]: SIMNE TS DT 72O FEST 30 min, HY
47.5 mL DMEM £ 78BN S 0B F, FrEPimA 2.5 mL R4 Mig, RS

JRE OEE O, T ACUKEE, N XERATMKE =R,

(2) Auranofin AWRECH]: FECHIKE N 10 mM HJ Auranofin B : 4 Auranofin

PR AR (5mg) fE 4°CEL 5min, FFMEINEEEF S 30 min, ¥ DMSO i
NIARAFRE], 355 BP &, 16-80°CUKAE N IRAT LA & Jo 8252364
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(3) ML385 JATRECH]: BCAHIKEE N 10 mM K ML385 BH: 4 ML385 [k
K (5mg) £ 4°CE > 5 min, ¥ DMSO EINKKFIRS), 703 J5#-80CuK
FANTRAE, AR e8I i .

(4) FEARRIRAWAIECH]: %08 RIPA 243 REABIMNHIF (50X) =49:1
{14 L A5 P 1) 2 5 RV 5 T

(5) 0. 2% [T B BAR AL E : 11 2R SR B K B0 5 min RIS LEH,
BN DMEM/F12 TG FRERG LS, B T-20 CUKFE L& e 8Hl 5 (i A .
(6) FHAIRAFRIECH]: B 100 uL —FIETA (DMSO) & #i5 900 uL FBS 78
SRS, TR T HCE AR A

(7) TBST ZERECH]: HL 2.42 gTris A1 8.8 g NaCL, A 1000 mL 25 &1 /K,
FEIIAN 1 mL Tween-20, 7850 RS] G EiRRAF, T HIE.

2.2 SEWAGE

2.2.1 ISFRE B FRA BV B (R 77

FEFAR SR S5 T BRI 1 R R S TT B ) OA BUR bnAS 4% 6 51 5F
RIPTA B A BRR R A AR ATUN JE 45 H o AP, — i 7r IONIA R
17, Fi— o A EKIF T T35 B /N R F 4% 2 R P EEREE 24 h.

222 REREHEET A

(1) ZRFREE G, BIRAAE EDTA BASH i iies, & 3 Rife—
RILESH, BEREMASTEA . Sk Re TG R 77 ) 8 2 10 ) DA P00 45 5 i o

(2) JAKIRAE - i 45 (1 ) PBS 3 3 3 J 1% L N B R HEAT i /K : S5 43 3) 75%
WREALHE 4 h, 85%EREALEE 2 h, 90%IEAEALEE 1 h, 95% FAEALEE 1 h, FE/K
B T AbFE 30 min, /K LB IL AL 30 min, #2355 B HKEEALHE 5-10 min,
THZE T AF 10 min, HE AL 10 min, &J50 5 65°Cafb At [ 1 h,
65°CRMML At TT AL FE 1 h A1 65°C AL A BETITALFE 1 he

(3) A KA S AR AN A LGN, FARA R EAS, b
Ja B AR AE AR AL B 1 b, AR S ECH .

(4 YR BEEsE AR L BT V) . DI e A8,
W R A, BEJE 60°CHLFENEE Fr, BT R B E IR & H

2.2.3 FELHLAE RNA =
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(1) EREERPEINBTE, BHIHNHSRAET S B R R, BEH
MARBINEER Trizol M E OEH, RMBERRS.

(2) YK EHE 5 min f5 0 Trizol fi5r 2 — A& RIZIE P 30 s

(3) B EJZABIN B B 0 R IEIIN Trizol — 0 2 —ARE R INEE, #
H 10 min Ji5 15000 g &> 12 min.

(4 B0 a7 BB, % Trizol 1:1 EUEIIIAN 75% LB, 7RG 15000 g
0 12 min.

(5) % HIGHERTE 10 min, AJ5IMA RNAfree 7K, fRFFT-80C#H.
224 REHLFEAER

(1) BRAETRPEIABRE, FE B KA SRR A EDT R P B o K

ZJE NG B B BRI, RS I ACREIR RS E 2 he 25
¥ EP & EnEA B ONLT (4°C, 12000 #/min) B0 12 min f5, HBH
aER EIEWER EP .

(2) EEEKRFENE : F PBS A S db AT FoRERIRE (0 £, (] IR TC A e 4 o D3R
& . #E#H BCA E B EIF R R EZN TR AR, % A: BK=50:1
I LLBIEC ) AR, 78R AT . B BSA Frife il DL RFIER (A RE M5 20 pl 4351
IINE) 96 FLAH, SRJEEEFLINN 200 pL BeHlEF ) BCA TAER, 7RSI G %
F 96 LM, 37°CHEE 30 min, 7E 3-5min P 5EMASI. FHEEARXAE 562 nm
AR AR LA IR, ek, R IEbRAEth & A ot H B BIKEE

(3 HE A2 : H Loading Buffer (6X) ¥4 i iR &35 100°C & ¥ 10 min.
BB AR 25 JE TN -20 C VKR R A7 & F

2.2.5 REELEE

L PERTH ) BCE TR 60°CHERE 2 he 2 5T —H 2K [ 15 min, —H
1015 min, FHN ZHREITHIRI 15 min, 835 HEAE 28 (100%. 95%. 85%.
75%) HK, EAELEIRE 5 min, SN E KK

2. A PBS KPP =k, &K 5 min; Z 5Bt rIv) A BT %R &
2P (0.01 mol/L, pH 6.0) FATHNHLEEE

15 min; #E¥ SRS E TR0 E KK ¥ 10 min FFiE, FFTHREA A
JE U ECH, PBS 2 i 3

3. UbA AN ERAL FFE—ANE, #m 3% H202 , HEEELFE 10
min PHBT AR SRS . BE/EMTAE 1XPBS BE=IR, &K 5 min.

4. L PBS JGi# N BSA, 341 30 min, #:45 s AUE I —HiEi@ &N 4C
BRI
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WHEHVI A &EE 1 h, 1XPBS YW=, #IK 5 min; AT/EHMN _HES
H, FEHE 1 ho

5. H1 3, 30 "R (DAB) Sfh, S NI RMNIEE, HK
K& BN 35 5 min.

6. VIFATAKRE 1 min, HAKMEE 3R, HBRERESM 20 s, HKMEE 10 min.
7. BTV R & R CEEHK . —HRERE (58— RIERHITTFHER
YIRS o B 7E B T MR s L, SRR IR AT

2.2.6 RNA £, #ERFESMRWCHEE PCR

(1) B B 4R A5 UK (1) PBS ¥Eii, JIN 1 mL Trizol J5 MG IRET
MM 2 1.5 mL EP . JKEFFE 10 min JFIIA 200 pL &5, RFs:
HifEIVES) 30 so BETUKLE 5 min, B0AL 12000 rpm 10 min, RNA 7E LJE/K
tHe B EEKHEERRIFT EP & GREIEPAZER B A AR

RYD , BEEMA 0.5 mL FAREIFBUENRS, K EFE 5 min JREZ)

JEELHL 12000 rpm 10 min FATE G BOE, EERILEM A G ZRYED

N RNA. F#%E BiEEIMA 75%2 8 1 mL, BiffE5), B0 (12000 rpm, 5 min).
TiJTj?J:%E, A 12000 rpm A8 &0, REWERBUA GEEAZIE RNA B .
EEREMNTH#E 10min, I 20-40 pL DEPC /KiAEf# RNA. 106k

JETHI RNA WEE, HUHH 1-2 pg sk, HAR-80 °C WAt

(2) ¥ MmN 1 v L Anchored Oligo (dT) 20 Primer. 1 uL gDNA Remover. 1
uL TransScriptll RT/RI Enzyme Mix. 10ul Reaction Mix A1 1 pg FEA& RNA, H
RATZBEKANT 20 uL KR, FLEFEIRA . B H NS AN BT %,
WESHSE 50°CHE 15 min, F 85°CHI# 5 s o (JRMNAKZEN20 pl)

(3) #JH SYBR Premix Ex Taq ijf]#& 1 ABI StepOnePlus System PCR {347
gPCR, #h5% 20 pL AR IFMANERE N, RAEBANERIHFBESHON:
1. 95 °CAE 5 F5 40 NMEFR, 2. 60 °CHEfH 30 s. FALIGEE 3 K.

2.2.7 pRIERRE BN SEST

WA 3 RELA ) CSTBL/6) (/N ARSE, 7E 75 % FE HHE 30 min, a‘%ﬁf%

AT N SRR LY, R, R IR R B, AR Ab g B B 2N,
W HIRAERA PBS R IR, BYRCK/NAY Imm (RESR, zﬂ%wﬁ%z@%%ﬁu 15
mL B0 H, S PBS RETEGE 3, #HEEEOEFMA 0.25%
JREE FIEFZ 3 mL, JUE 37 CHRMEIRERFEZGHEMAKRLA 1 he HATERE S
OHLF B 5 min, FE_EFEBUG I 0. 2 % [ B B A 5 mL, 4kSE7E 37°C
TR IR R TP AL 4 he BOS5 RS 100 BIHRGEIE, Fkd )5 R
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Z 15 mL BEOEN, MAEOHAEC 5 mine 3 FiEW, F DMED k¥
E BTSRRI, £ 37 °C. 5 % CO2. HIZHME: =M N 597,
FERG 2-3 R — UM, 76 S50 T WS i A AR KA .

2.2.8 siRNA BRA5E

(D KmMpsit 5555 24 h, MR REL 50 % /4 vl DAREAT 4 4L,
(2) /NF#L RNA (small interfering RNA, siRNA) HEIEAY T AE R A F 7
Ta s, BRI T

2 Py S Tt & Al

TXNRDI-siNC  Mouse 5’-CAGCCAAATTTGACAAGAA-3
TNNRDI-siRNAI  Mouse 5’-GAACATGGTATCAAGTTTA-3
TXNRDI-siRNA2  Mouse 5’-GCTCCAATGTCAAATGTGA-3
PSR S Tt & F 3

Nrf2-siNC Mouse 5’-CAGGACTACAGTCCCAGCA-3
Nrf2-siRNA1 Mouse 5’- CCACCGCCAGGACTACAGT-3
Nrf2-siRNA2 Mouse 5’-GATGGACTTGGAGTTGCCA-3

229 BREBERRERRENE

(1) i AR MRS ARBAAEE, # 6 FLIR R 7R3 25,
A PBS ¥t 3 i, WA B PBS (T #AE7E UK Bk fT, #HREA
BEfE) o BALIINE B KL ) E AR, 0K ERE 30 min, 2AEEF A
MR E) R YIAE, SIS RIR AR S 1.5 mL EP B, ZJGJ{E 4 °CHEIR
ARERRR 1 he $ER BP BHGEEIEAERE O (4 °C, 12000 F/min) &
0 12 min J5, HBBEERER LIBHR AT EP H.

(2) EEEKRFENE : F PBS 44 S b AT FORE[RIRE (0 £, (R IR TC F e 4 o D3R
FE . #ER Y BCA & &R G AR 20 TR AR, & AW: B =501
[ LGB BE ) TAER, 7870V 5] o KRR LT IF) BSA An v i N4 I 2 AR %% 20 pL
AR 96 FLAR R, SEE LI 200 uL FCHIEFH BCA TAEW, 7ok
A Ja E 96 FLIR G, 37 °CH#E 30 min, £ 3-5 min N 5ERUGI . FBEFRAAE

10
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562 nm ALK MBS FLIN BIROGEE, e, FHMRERHE 2 A T EE AWK
B

(3HE A FTANE: H Loading Buffer (6X)R#F i it IR & 5 100 °CA& ¥k 10 min.
P FARAR B TG N -20 °CUKFE R A5

2.2.10 REEMEA LS

2.2.10.1 E2R%

1. BLE DS REAFNFEAREER, BHEN 7.5mL 5EKRA 2.5 mL
WAEI; IIN—E &M H20, Tris-Cl, 30%F#%Mti%, SDS, AP, TEMED J&%]
JE AR, EEAEA, B HEERGER &2 E (R s mEm 1
cm) ;

2. KE: HER EREIA KRR LSS RS BN B I R A
N, IS5 7K IR B SR AT S T 0 B 23 B R B (29 15 minD) o fRsUK, I
FHUE AR 5% K 5

3. MBS IR A G M, EEAFAR T, B, #EEZ) 30 min.
4. BEIRAE: H marker ZAMCIIIWREE . HEIAIPTE ¥, MREEEHRK, I
BIRZ BEE 7k, wEBAN 4°C.

2.2.10.2 H3k

L HFES B & 3 min FEE.O, B IERHUBN BIKAE S, B AR T
ISR B A HIKRETR -

2. KEIFEASIH, HBEESHRAEMEZMAZ IS CEREEDN 30
ng) FETERES ML FLE A 3.5 pL ¥ marker.

3. FIFFHIE, Je¥HEEIHZE 80 V I FEK, £ 30min J5, 4 marker 2577 #EA
SRR EEH R ETAZE 120 V, FENLEE SR W5 B 3 73 B8 RN 26 1k H ik,
i

2.2.10.3 ¥REFNESEA)

1 HES— AN KRB, WOERE, BT, BRI, s PN R B8 i 4 AN e
IR . 4L 7X9 cm.

2. B FEFHRTIE B & A FTE K AR R 1 RN BT EUE & R/ NC
JiK

3. BBRERIT G B sk, AR A T Uk, VIREEERE, YIifE
WAEYe ¥ Bt B, s b NC B, Bk B s) DLYE bR E B <0,

FERAEAC AR e i b2 5 G IR .

11
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4. R FIF R RTTRONF IR R, 20 “TBX R, BXLL” BHTARE, R
WEBNEC ARG o, ERNREIMN, sl o5 7 R IAE TR UK UK & it T B
FERR2EATT9 200 mA THRUEZ AR, Bl [a] KA 4% 70 1 B R/ME -

b. WeMESE R, R 5% BEAE DRt TE M, TRER EEIRE ML 90 min.

22104 "l "HHNBEREGBRE

L. B 5e G, A TBST ##%E 10 min.

2. VR IF 0)—HIF0 NC BURA/ER § S B T 4 CUKFEP TR E IR (15 h
L) .

B E, EY—ht, A TBSTIHEBEME 3 Ik, #K 10 min. FHRZEMA
B4 (1 —HUsHE R R BRI E 1 h.

4, —HiME w25, I TBST S 3 %, X 10 min.

5. % ECL (5 RGid% 1:1 Filir, SREHEME BA AT, ARG
B, BEBBNLSE R CE RGAT S, 5. fH Image) BT
ST, IR

2211 SEEEFAERERELRE

N T AL TXNRDI (3075 Auranofin %t IL-18 75 5 A4 41 i #1325 57 (1K) 5200,
FRATTHE 7IN G520 B 200 P AT 10 25 i B35 9 T R 8 g e B o 5% R 0 1) 30 40 Pt 2
B AL G X AT AT B, B 2x104 /em 2 1R R BCE 40 52 4 R o
REER, BRE 10 L BT 24 fL4UMEE R IEF R, 25505 BN IR P ks
I, RO TE A NWEEE IS IR AT RCHI4r )55 774k, A E 3 MaElfL, FR—
R — IR, 5557 T-9 Ko 2 JaWR 5575 J5 FUKI PBS iR ek 3 i,
4 %% W EEANN 30 min G A FRIZIE G4 20 500 uL {5 e &340
M, Jeta) 5min JEW G0, FI PBS ZZMiEverk UG, A S EE A IR
3%

2.2.12 GiHES R

U TR TOR DA bRl ZE BB P 2L A B LU R ) R s 2 A A LR
KRR Z5HT (One-way ANOVA) . FifasEIG# £/ bELE 3k, H{P<
0.05 I, "RLNAZE R BA G AR L. BG4 K A SPSS 23.0 At
Western blot 25717 /K FE B FH Image] 3RAF 50 #T. 228K H GraphPad Prism 8.0 %X
(5o

12
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2.3.1 TXNRD1 #EA OA REHFRILE LA
2.3.1.1 TXNRD1 i) mRNA fIERRIAKFEE OA BEEHEE LA
N T AR TXNRDI 6 5635 405 3 A Fd R vh () B8 KO B 15 R A28k, Al
FEIG IR EWCER 7 IR R R M OA B, B H2HX OA s AIE H #CE 1) mRNA,
Wit 5% cDNA J5#]H qPCR V‘{WJQE/AEP TXNRD1 A1 A ECM #H <L K 1) %
KK AT I OA i E 1 TXNRDI ¥ mRNA 7J<¥EU%E&T%‘%E H(P<<0.05).
Fi4k, MMP9 #l MMP13 (] mRNA /K7 OA 4t 2 B it (P<0.05) , T
COL2A1 F1 SOX9 1] mRNA FIA/KF7E OA HHMIFEK (P<0.05) (F 1.1A) .
SbAk, FRATESREL T IEHKE M OA HMAEN, JHEM T TXNRDI H&EH
KPR, SR ER, TXNRDI HE HRIEKPE OA A& T IE%HE
4 (P<0.05) (K 1.1B, C) .

A MMP9 MMPI3 COL2AL TXNRDI
|_| *% 3 *%
: 20 wi < 8 i ‘5 15 !—' ‘5 '—!
£ =i 5 -+ £ I g
g_" . 7_wd T 32 +
£3 £s gz £z
=R i s&, &£ . 2z
55 ] s H - g
S ! g S s 9 =
F s 3 -3
Z : 2 vdy & £
ey
0 T T T T 0.0 T T T T
Nomal OA Nomal OA Nomal OA Nomal 0A
TXNRD1
B C £ 3
7
g
=3
TXNRDI iz °
53
23
GAPDH [@we® | -
5
N\ £
2
o 3

Ctrl 0A

A 1.1 TXNRD1 [ mRNA Fl& FRIEKFAE OA BETEE L. (A gPCR A&l OA
B FIEH #BCE H TXNRDL. MMP9. MMP13 fil COL2al H13R1A. (B) Western blot f&ill OA
BEFIEH#CE H TXNRDI HHFIZAKF. (C) Western blot 45 5 € & 5317 -

2.3.1.2 REHLKAETR TXNRD] FRIEE OA BEHEEAS

B F AL AT, B R G %2 TXNRDI 78 OA B fillE
WIE R RIEWAL, FATKIAE OA #F 4+ TXNRDI FHME4ILE % 2 T I1E
WACH A, IXFKH TXNRDI FIFRIAKFE OA BEMCE F il (P<0.05) (K
1.2D.E) .

13
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E

C

%)

[
s

[
s

TXNRD1

=

TXNRDI postive cells (

z
H

=1
>

Nomal

E 1.2 TXNRDI £ OA #E M IEH HEH HIFRIE. (D)RAEHAN TXNRDI £ OA &
IEEREPRIRE. EB)RBEHI R E &S

2.3.2 TXNRDI #£ IL-1piE S8/ BURER KB MRk iF
2321 BERIRBMMBERERF (IL-1) R T, TXNRD1 i mRNA KFE

W

N T P TXNRD1 7E/4h OA A 1A 7K, FRATTRIA TL-1 B85/
SR SR AT 4 AR DL A R ) OA AR Y. TL-1 B2 i B e s, IRt s 4m a4t
BT PR AN, F RIS S OA B8 . FRATIEE A MMP13,
MMP9, COL2A1 F1 SOX9 1)1 e far il A il O A BLHY 52 75 L Dy (1) A4 42 o £ IL-1PB
TSR A 48 h J5, FRENGHBE A ) RNA FEEM SN TRE KT . ERER
HOEYHRAE IL-1p%IE% 48 h J5 MMP9, MMP13 ff) mRNA F£it/KF T, 1M
COL2A1 F SOX9 HIRIEAKFN TR (B 2.1A)

A

MMP9 MMP13 SOX9 COL2A1 TXNRD1

Relative mRNA expres
Tevel

Relative mRNA expres
level

Rel: mRNA expressi
level

Relative mRNA expressi
level

Relative mRNA expression
level

,
£
£
£
t

& 2.1 TXNRDI ) mRNA 7£ IL-1B4I3H) /N BUECE 20 B B3R I8 - (A) gPCR Flll TXNRDI
MMP9. MMP13. COL2al il SOX9 mRNA Fik/KF.

2.3.2.2 BRIV EMMERERT (IL-1p) REEHEFRIF T, TXNRD1 WEBR
LB AT BIHER Z A

BT ORIANTHE B H /K- Bk — PR E TL- 1B IR B A 52 0 3850 S5 K 2y 4 i v
TXNRDI1 } H ECM A5G 8 3RIEKT B 50 o FRATHE 1 4 PR 72 6 FLAR
I IL-1p (10 ng/mL) 4» HIHI# 0,2,4,6 K, % 6 RIEWEAEA, REHH
Western blot £ R ill TXNRD1, MMP13, ADAMTS5, COL2A1 f1 SOX9 [)E
HXKEE, SRS R: ME L IBR K| MKEK, &K&981

14



55 2 T TXNRDL AR KT 28 o [ 3RGK KT LA TXNRD1 frefy 4 i b Ik S5t A R 7

TXNRDI1,MMP13,ADAMTSS5 121k /K& _ETF, 1 COL2A1 #1 SOX9 frFRIA
KN aEET R B (K] 2.2B,C) .

E IL-1p DO D2 D4 D6
COL2A1
ADAMTSS —
SOX9 [lih == == = |
MMPI13 |8 = & &8

TXNRDI1 lF = =
GAPDH (= a» e «» |

oL ADAMTSS

mmmmw

2.2 TXNRD1 )8 F i 7 TL-1RHE /S BB 4 i R 3Rk /K F . (B)/N SRR E 41 i
IL-1B(10 ng/mL)#l}#4, Western blot £l TXNRD1. MMP13. ADAMTSS. COL2al #1 SOX9

EAFEILIKF. (C) Western blot 45 5 1) 5E B0 H7 .

2.3.3 Auranofin ] ECM [&##

2.3.3.1 Auranofin XX B 4L IF(ERNSERESEE

N7 B Auranofin 75 3R A K 22 BV, FRATHIA CCK8 kA il A [F]
WRPZ ) Auranofin X 25 B 40 BLVE P B2, AR € Auranofin 7835 & 40 (1)
BAEERKETEH . 4RE/R, LIRATE 24 hi&=Z 48 h, Auranofin KL/
0.4 uM PLAWEOGRE A B EAR M, — BIRESEE 0.4 uM, 4HRIRO BE 28 %
BRA% (B 3.1A) o DAEZSE R UL Auranofin K FEAE 0. 4 uM LA x40 3 8544 .
BT LLERATT J5 BHAN A5G 1Y) Auranofin ¥ 2 A2 HI7E 0. 4 pM LN .

24h

48h

-
o

o
®

o
@

e
S

e
Y

bsorbance(OD=450nm)

Absorbance(OD=450nm)
5 B B
I
]
I

°
I
A
o
o

[X
Aurano fin(uM) 0 0.1 02 04 06 08 10 2.0 Auranofin( pM) 0 0.1 02 0.4 0.6 0.8 1.0 2.0

& 3.1 CCK8 &l Auranofin FIZHMIEEYE . (A)Auranofin AbFE /N FRAKE 41 24 h A1 48 h FIZH
M3 7.

15
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2.3.3.2 Auranofin ¥ ECM #82 R EH) mRNA 7K ERIM

AR qPCR HAAG I B AL AE IL-1p HIUE ECM AH 63 R ) ik 15 0L
PASAENIA Auranofin Ab3E J5 5 ix H6AH L R R IE B M . FRATISE R EoR, 1
IL-1p#I#)5, MMP9 A1 MMP13 ) mRNA Rk E 7, i COL2A1 A1 SOX9
2RISR 2 R %, 2R, 7E{#H Auranofin FUALEE (500 N, MMP9
MMP13 f &S A0H], [FN, COL2A1 1 SOX9 221k /K -t H 3 =13 (&
3.2B) .

MMPY MMPI3 COL2A1 SOX9

mRNA expression
level

mRNA expression
level

Relative

0.0- .
Cul ILIp ILB#AF Cul IL-IP IL-IBsAF Cil L1 ILIpeAF Gl I ILABAF

Relative

B 3.2 Auranofin X} ECM 855 R A A mRNA 7KFRIEM . (B)qPCR 45 &R, IL-1pA _Lif
MMP9. MMP13 ) mRNA /K°F-, K COL2al. SOX9 i) mRNA 7K°F, 1fij Auranofin 7] i¥i
X —ah,

2.3.3.3 ARIKRER Auranofin ¥ ECM X REEFRFRIZNEN

B, AR Western blot £ ARLE & H /K LA Auranofin X & #H < 34 K]
BRI . 5 qPCR &5 REEL, ERH IL- 18X BB A0 M kAT AL B fS , RAT
RIL COL2A1 1 SOX9 ()8 H &K IEHAMH], 1 ADAMTSS 1 MMP13 ({8 H &
KNSR, BEELEANEIRE I Auranofin ALFE 5L R, COL2A1 Al SOX9 13
kR ERARE iR, T MMP13 1 ADAMTSS 2R 855 ) SR FERRRE T [ (1]
3.3C,D) , IX$EI~ Auranofin 7] §EXT AN AN A — & AR 1EF

16
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C

COL2A1 [#= 5 o sl
ADAMTSS[== oo an &= |
SOX9 [ == o= ew|
MMP13
GAPDH |- «» a» == |

IL-1B(10ng/mL) - + + -+
AF(uM) O 0 0.1 0.4

COL2A1 ADAMTSS SOX9 MMP13

protein expression

level
Relative protein expression
level

Relative protein expression
Tevel
~

> L
5 S Relative
s

LIB(ongml) -+ o+ + ILA1p(long/ml) - &
Auramofin(pM) 0 0 01 04 Auranofin(uM) 0

%
£
=
<
E

K 3.3 AN[FI EE 1) Auranofin X ECM #H ¢ 3R A & 1 3R IA 520 . (C-D) Western blot £l IL-1B
FSHCE 4 F MMP13. ADAMTS5. COL2al 1 SOX9 & AR IAKTF M ER.

2.3.3.4 BEEEFEM Auranofin ¥ ECM RIRIPIER

TRATAER F v 5 BE S SR B AR B IR R A A, ad ok PR R e 5 % (R ke s I 400 il 7
FRHIE L. FTIEFEAMFILE 24 FLAR b, R4 4, a2 IEw4, IL-1p4,
IL-1B+EK E Auranofin 21, IL-1B+=¥KE Auranofin 2H, 3|— €l [A] j5 #E4T 4L (4,
FERL T [AAH [F SO0 R, MRt iE, 4R BoR, B A RS G, IL-1B
MYt R, TAEMA Auranofin 1 F I 9 2H G 0 5 52 43 1) it 26 VA< FEE 1 T s b
% (K 34EF) . iXit—BUFEH Auranofin X 4 g 403 i 2 1) — & AR T 1EF .

E.

Ctrl IL-1p IL-1p+Auranofin(Low) IL-1B+Auranofin(High)

B 3.4 =% RN Auranofin Xf ECM IRIFER - (B-F) i % FERE FRv5A M IL-1B (10
ng/mL) A [F#E Auranofin(0. 0.1+ 0.4 mM)¥% 57 %K 5 40 i H 2R % 5 e g B o

2.3.4 TXNRDI1 £5iA1F ECM {HXEREMFTIX

T RATELUERH TXNRD1 F1305155) Auranofin % 8 & 4 s 40 3 51 i R4 7EH
P FRANT 75 ELUE B A R A6 TXINRD T PR 400t AT %o 40 i 47 228 J5 = A= 5 i) i 2 (A
N Auranofin 45 £ [ 25 P04E IR R, B DARATT4%E S KA F siRNA K fik TXNRDI,

17
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TR AE R TXNRD 2 5 40 i o0 B A O BRI Rk AR Ak . 158, FRATTRI A
qPCR Al Western blot £l TXNRD1 HJAKEE, FATRIM siRNA2 BRI
B (B 4.1A-C) , Frbld TR RATAZ H siRNA2 SRifE1T. HETATH
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