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HE . B RAEBEREF TS G 1(ELAVL]) 52 % il ik B 4a 05t T A3 48 s i R SR
(DOP), FiE #2021 1 A—20234F2 A K i/ P B 235469 504] DOP &4 F0 50 0148 R e R KR R
BFANY BEAVEAB A R, 5 AMEADOPAAnst B2, R M EH o ELAVL], GPX4, Nif2, ACSL4/KF
E5, M ELAVLI 54kt AR X A B (GPX4  Nif2 \ ACSL4 ) #9485, %8 50 ng/mL RANKL 3 /R B HLR.
B R 20 R AW 264.7 VA58 F 540, STDOPLAEHT 54, VAEF A ELAVLL 426973914 (14.94 ng/mL)
A KA, £ A ELAVLAK & A 40 ( 2 75 ELAVL1<14.94 ng/mL, 28 %] ) Z ELAVL1 # & ik 20 ( 2 75 ELAVL1>
14.94 ng/mL, 224 ) , ¥ Bt A3 IR, SAEM ., SH+sh—NCLL, H4E+sh—ELAVLI 4, o4 &40
ELAVL1., GPX4, ¥R Ttz 248% BT 2 (Nrf2), BRARSHES A S B K4t kM il 4 (ACSL4) . 7EHA.
AZE (MDA), &k (GSH). 3482, % BT (F) Rx . KbAK L, FR ELAVLI HA&
205 ELAVLUARFGK LR R M, . S84, BB mAE . BMIMLER, £33 %3 EL(P >0.05), ELAVL] &
3K 20 T—score A& T BLAVL1 A& & i 28 (P <0.05) , f2 7% B—CTX . f2 7 PINP & T ELAVL1 f& & ik 28 (P <
0.05) . DOP A 2 i GPX4  Nrf2 bt 3t B 284% (P <0.05) , ACSL4 bb 3} BB 28 35 (P <0.05) . % Pearson 48 5% £ 4
MR E W, DOP & # fid ELAVL] & ik 5 ACSL4 2 E48 £ (r =0.689, P <0.05) , 5 GPX4 Nrf2 £ §i 48 %
(r=-0.31242—0.447,3 P <0.05) , f2 75 ELAVL1 5 ACSL4 2 iE 48 % (r =0.689, P <0.05) , f2 7§ ELAVL1 5
GPX4 2 i #8% (r =—0.559, P <0.05) , f2 7 ELAVL1 5 Nif2 2 fi 48 % (r =—0.669, P <0.05) , & #E40 GPX4,
Nrf2 mRNA £ 5 #8204 (P <0.05) ,ELAVL1 . ACSL3 mRNA # &} f& 285+ 3 (P <0.05) , & 4% +sh—ELAVL1
20 GPX4 . Nrf2 mRNA 4% & # +sh—NC 287 & (P <0.05) , ELAVL1 . ACSL3 mRNA %% % #& +sh—NC 21 [ 1%
(P <0.05), #4820 GPX4,Nrf2 & & 4 5 B2 A%, ELAVL] \ACSL4 % & £ 3T 4L+ 35 (P <0.05) , & 48
+sh—ELAVL1 28 GPX4 \Nrf2 & & 4% & #% +sh—NC 287+ % (P <0.05) , ELAVL1 ,ACSL4 & & 4% & 4 +sh—NC 4
Ak (P <0.05), BMEA LA FTAF R X TR B Z (P <0.05), &4 +sh—ELAVL] 2045 3 ¥ +sh—
NC 20 A& (P <0.05), 44 MDA £ 57 B 40 3 (P <0.05) , GSH %& %+ B 284K ( P <0.05) , % 4% +sh—ELAVLI1
21 MDA %% & 5 +sh—NC 281& , GSH % & #E +sh—NC 2013 (P <0.05) . &t #Eind S pmesgns,
ELAVL1 5 DOP# S TA %, SIAKELAVLL 7T 4] Sbg i -F 0080 i s lask st =
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Abstract:
regulates osteocyte death to affect diabetic osteoporosis (DOP). Methods DOP patients (n = 50) and diabetes

Objective To explore whether embryonic lethal abnormal visual-like protein 1 (ELAVLI)

mellitus patients without osteoporosis (7 = 50) hospitalized in Changsha Central Hospital from January 2021 to
February 2023 were included as the DOP group and the control group, respectively. The serum levels of ELAVLI,
GPX4, Nrf2 and ACSL4 were compared between the two groups of patients, and the correlations between ELAVL1
and ferroptosis-related genes (GPX4, Nrf2, ACSL4) were analyzed. The macrophage cell line RAW264.7 derived
from bone marrow of mice were incubated with 50 ng/mL of RANKL to induce their differentiation into osteoclasts.
The DOP group was subcategorized based on the average serum ELAVLI1 level (14.94 ng/mL) of patients, dividing
them into the low ELAVLI1 expression group (serum ELAVLI1 < 14.94 ng/mL, 28 cases) and the high ELAVLI1
expression group (serum ELAVL1 > 14.94 ng/mL, 22 cases). Osteoclasts were divided into the control group, the
high glucose group, the high glucose + sh-NC group, and the high glucose + sh-ELAVLI1 group, and levels of
ELAVLI1, GPX4, Nrf2, ACSL4, ROS, MDA, GSH, total iron, and Fe’* as well as the mitochondrial membrane
potential were compared among the groups. Results There was no difference in the sex composition, the age, the
course of diabetes mellitus, or BMI between the low ELAVLI1 expression group and the high ELAVL1 expression
group (P > 0.05). Compared with the low ELAVLI1 expression group, the T-score was lower (P < 0.05) and the
serum levels of B-CTX and PINP were higher in the high ELAVLI expression group (P < 0.05). Compared with the
control group, the serum levels of GPX4 and Nrf2 were lower (P < 0.05) and the serum level of ACSL4 was higher
in the DOP group (P < 0.05). As demonstrated by Pearson correlation analysis, the serum level of ELAVL] was
positively correlated with that of ACSL4 (r = 0.689, P < 0.05) but negatively correlated with the serum levels of
GPX4 and Nrf2 (r = -0.312 and -0.447, both P < 0.05) in DOP patients. The serum level of ELAVL1 was positively
correlated with that of ACSL4 (r = 0.689, P < 0.05) but negatively correlated with that of GPX4 (r = -0.559, P <
0.05) and that of Nrf2 (» = -0.669, P < 0.05). The mRNA expressions of GPX4 and Nrf2 in the high glucose group
were lower than those in the control group (P < 0.05), while the mRNA expressions of ELAVL1 and ACSL4 in the
high glucose group were higher than those in the control group (P < 0.05). The mRNA expressions of GPX4 and
Nrf2 in the high glucose + sh-ELAVL1 group were higher than those in the high glucose + sh-NC group (P < 0.05),
while the mRNA expressions of ELAVL1 and ACSL4 in the high glucose + sh-ELAVLI1 group were lower than
those in the high glucose + sh-NC group (P < 0.05). The protein expressions of GPX4 and Nrf2 in the high glucose
group were lower than those in the control group (P < 0.05), while the protein expressions of ELAVL1 and ACSL4
in the high glucose group were higher than those in the control group (P < 0.05). The protein expressions of GPX4
and Nrf2 in the high glucose + sh-ELAVLI group were higher than those in the high glucose + sh-NC group (P <
0.05), while the protein expressions of ELAVL1 and ACSL4 in the high glucose + sh-ELAVLI group were lower
than those in the high glucose + sh-NC group (P < 0.05). The levels of total iron and Fe* in the high glucose group
were higher than those in the control group (P < 0.05), whereas those in the high glucose + sh-ELAVL1 group were
lower than those in the high glucose + sh-NC group (P < 0.05). Compared with the control group, the level of MDA
was higher (P < 0.05) but the level of GSH was lower (P < 0.05) in the high glucose group. Compared with the high
glucose + sh-NC group, the level of MDA was lower (P < 0.05) but the level of GSH was higher (P < 0.05) in the
high glucose + sh-ELAVLI1 group (P < 0.05). Conclusions High glucose condition triggers ferroptosis of
osteoclasts. ELAVLI is significantly associated with the ferroptosis in DOP, and knockdown of ELAVLI inhibits the
ferroptosis of osteoclasts induced by high glucose.

Keywords: diabetic osteoporosis; osteoblast; ferroptosis; ELAVL1
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5 S0 A0 3k, 3 R RO TR D — TS
T UE S, v W AT S e 5 ) A0 R A £ 0
A4 RBE TR SR DOP & A K R
D E . 7E DOP K FRURSEAY % 1 2H 23 rp i) W 25 3] 4k
I B VBRAE T B (R SR SRR N B, B2k A
T- ] 0% DOP KBRS RY A - i 267 78 DOP o, il
B USRI T 8 B O . A T Y R 2R
18 3 3 1 4 (reactive oxygen species, ROS) g 7 il &
Yo S R R o Al R v T A X U
BRI TSR B, IR SRRV I &, 5 F 4T
T AH SR 38 & AR B, 5 B0 A X R BE T
Gy Iy AT L A0 LR BE T 7E DOP R
BIAG R EE LA .

JVR JiE B8 M S5 5 58 A B 11 1 (embryonic lethal
abnormal visual-like protein 1, ELAVLI ) S — FhTE A
W Z R RNA LSS, S 55 R,
ELAVLY J2 7 % %5 5 5 £ B 1Y A0 IR 7, AT R 4%
mRNA F& G2 P 0 A= ) 406 P PR s 2 B RS MG
FEDH, PR A TR P v 4 T I R A A
1£ DOP 1, ELAVLI 78 B 420 rh F 3k A, I nl i i
Sl 28 AR BE T 00 ) R 2 B AT N BB TR A
B R, 76 R 40 T ELAVLL 2 5 J8 45 gk vE
6 B A B IR 3 Ak P B 4 (glutathione
peroxidase 4, GPX4 ) mRNA BEMEN IR ELAVLL S
T 20 LR AE TS T AR R . iR I o R B
ELAVLI 7 DOP % i L v K 4 F o SR M0 i e ik
PP ELAVL 38 3o % 1 40 B 2K 48 T2 18 42 DOP 1) 1
FHALHI . T ERAFSE, B H N ELAVLL 7] f8 2
584 DOP & ML, E i A B A SRR T AL
il 5 W) 0 1 A 5 A B W, O A R
YIRS T U DOP 1y & A R R e .

1 MRS

MRS

/N B BE A AT i RAW264.7 (32 [ A X 4
=Y AE ) , RANKL (36 [5 Med Chem Express 2
Al),DMEM ¥ 2t BEH R -HHE R AW (LR
Gibco 2N A ) , B#FRAY (22 [E Thermo Fisher A 7)) , 9¢ Y6
B B REAMBMEN B A A A
Olympus 23 A , FLUKAS 5 BEEASC L 958 J J A% A 241 1 1A

1.1

2% [ Bio—Rad 2~ Al , 8.0 L (% + 55 FA-241.5,
% [ Eppendorf 28 7 ) , 9 )6 & & PCR X ( % [
Thermo Fisher 23 7] ) , B i — 54 £ 4 B ( 35 [ Millipore
/AT, ELAVLL 4744 (ab200342 , 22 [ Abcam 23 7] , 1 :
1 000) , GPX4 $i 4 (ab125066 , 2% [ Abcam 2y #] , 1:
1 000) , Nef2 Ht #& (12721, % [® Cell signaling
Technology 23 7] ) , ACSL4 Hi{A (ab155282 , 3¢ [E Abcam
3T, 1:10 000) , GAPDH $i A (abh8245 , 35 [ Abcam
23], 1:10 000) , —- P (ab6721, F[E Abcam 23 7], 1:
10 000) , GPX4 i 3k 4t 22 W Bt 428 56 (enzyme linked
immunosorbent assay, ELISA ) i 7] & (ELK4775, 257X
BHEA YR AR A D), Nef2 ELISA i) 7 &
(Ab277397, 3% [E Abcam 3 7] ) , ELAVLI ELISA i 7
& (ELK5159, iR BHE A YR A BR A\ ) , ACSL4
ELISA 4 13% %) £ (ELK8993 , i I B FE A= Wy R 80 A
BT ) o JC-1 3k A6 0 25 b A B rl 7 A6 000 38 591
£ (020038, B3 = RAEYRE AR A A, IE
P % 2% (reactive oxygen species, ROS ) £ il it 51| &
(S0033S, FiF#H = RAEMBHEA R A ) . MDA £
M7 £ (S0131S, FifF 5 = RAYEHEARAR]D),
GSH #5745 (0053, [ i 28~ KA YR A R
D) A0 R R B K I R & (E-BC-K880-M,
B DU B S Bty o A W R A A BR 28 H] ) 4l B Ak
TR R & (E-BC-K881-M , % I 3 i 45 A= 1y
R B A FR S ), RIPA 2L 9 (POO13C, |- 7324
=RV AR AR, 305 5 R A 4 N
(reverse transcription polymerase chain reaction, RT-
PCR) %¢ ¢ % #1871 & (B639277-0050, | iff A= T 4=
Y TREA R ] , ECL & 5 3 (P0018S, | 31 =
KA R H AR A ) . shRNA B 5t B8 (sh-
NC) .ELAVLI shRNA (sh-ELAVL1) | iE &2 [ ii# 5| 9
Yy LA T AR TR BRA "I IR A .
1.2 IERFRIE

PEHL 2021 4F 1 A —2023 42 A Kb BEBe
FLI2 19 50 61 DOP .35 A1 50 6145 bR {0 AS £ Bl 5 i
B A 1 FR 35 43 I S DOP 28 RN FRZH . 40 A B o«
DOFER= 18 % ; Q' % B T-score fH< -2.5; D1 FE N
AT 5 B A 259 s @ A8 A ST HT 1 AR ok
PEATHE PRI IR 9T o HEBR AR 1 - O 8 I Ao IR 9
SUME I BT 5 @ O B il O 5 B R IL
G 2 B s DG IEEME IR ©A IR W BRAS .
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DOP 41 5 ¥ 23 4] , 4 1t 27 141] ; 4E #4 45 ~ 96 %, F
¥7(68.03 +13.11) % ; 1A i it 455 4% (body mass index,
BMI) 18.52~25.32 kg/m?, *F- 15 (21.51 + 1.43) kg/m’; F-
M DR 95 B (7.08 +£2.02) 4F 5 S 3 T—score {H -3.1
(-3.8,-2.5) ; FH 1L -4 C—uig ik (B—isomerized
C—terminal telopeptide, B-CTX)(290.22 + 34.86 ) pg/mlL.;
SF- 2 v T Y i A 3 g iR 5L (procollagen type I
N-terminal propeptide, PINP) (40.26 + 11.44 ) pg/ml.,
Xt R4l B Pk 26 B, Lk 24 95 32~81 %, P
(61.28 +10.87) % ; BMI 19.14 ~ 26.10 kg/m®, F 13
(22.23 + 1.53 ) kg/m*; -SRI TR (6.73 £ 2.74) 4F
S ¥) T-score {6 -0.1(-1.0, 1.0) ; “F- 3 1. 7% B-CTX
(238.01 £31.32) pg/mL; “F- ¥ Ifil % PINP (32.61 +
11.01) pg/mL. X} DOP 41 #1737 43 41, LA B3 Il i
ELAVLI & & 1 °F ¥ (14.94 ng/mL) K ki i, 53N
ELAVLI Ik 3% 35 2 (1fil ¥ ELAVL1<14.94 ng/mlL, 28
%) K ELAVL 15 #3420 (L7 ELAVL1>14.94 ng/mlL,
22)) o FEE L E A R BB ASHIESE AR AT B Bl
1 P 2 B 24 v (No : 2022-80227) .

1.3 FHik

1.3.1 ELISA # M| f & ELAVL1. GPX4. Nrf2.
ACSL4 & J#RJE DOP ff ELAVLI 5850 T %
] 9 G 2R, A AR 2 WA 4 4B L 3 R A ARG T i
5 ELAVL] JERBET AHCSE N o RIE T4 5C 5 X 41
& GPX4 &% K 7 4L 40 il & 2 #H ¢ I 2 (nuclear
factor erythroid 2-related factor 2, Nrf2) FE LA A &
% 4% 22 % A 51 4 (acyl-CoA synthetase long—chain
familymember 4, ACSLA4) . (8525 18 8 h J5 W A ik il
W, 4 CHPE IR L3 000 r/min 550 20 min, B 3%
W T ELISA K . R 4k 0550 & Ui B 15, B 96 FL i
B, B LA A 100 WL FE & 3 bR 4 5, 37 CIFE
80 min, FEBRIIA, FEALANA 200 WL PR, PR 31K .
BALIMA 100 pLAEW R AAHUA TAEW , 37 CF i
50 min, F5ERIEAR o AR VE U 3 K, B AL A
100 wL HRP [ TA/EW , 37 °CF S 50 min, BRI
T VRGP 5 R . A TMB &2 53 (90 pL/AL) ,
37 CF R 20 mino filA SN 2 1R (50 pl/AL)
SR FH T A {0132 B 450 nm &b U ' BB . AR 40 A 4 i
2R 1ML ELAVL] . GPX4 \Nrf2 \ ACSL4 /K- .

132 R m@iedFao e /N BB SRR M E A
il RAW264.7 $ F T 24 L #ix , £ J & 50 ng/mL

RANKL ) DMEM 85 3% 3 (10% Jify 2F 1ML 75 +1% 5 55 &
HREZIRAWO™, M2 REH 1 R, WE6d
Ji {5 FH TRAP G 8 05 5 11 4

133 faien B A B s Rk B 40 i
Ay RN BEL | EBEAL E B 4NC ShRNA 4 (55 B +sh—
NC4H) . E i +ELAVL] shRNA 2H (7= 85 +sh-ELAVLI
ZH) . N BEAL R & 5.5 mmol/L D—7 %5 B 1% 41 ifd %
FRHEEE 3 do AL 30 mmol/L 7 4G 4 (1) 4t
JHL B FR BEBE 3 dY. M +sh-NC 438 i i B A
B e K & 5 YL sh-NC 2 20 i , 48 h J5 45 g &5
30 mmol/L D— ] % B (% 40 i 55 3% 3k, & 3 de &
B+ sh-ELAVL1 21 o %% Yt sh-ELAVL1 % 41 fifg , % Yo
45 H ) 8 S 3 R B 30 mmol/L A 45 B Y 40 it
TR AR R 3 d.

1.3.4 DCFH-DA#4H#m ROS 4% AL i
FE& AR ROS J& 175 3 4l B 2k A6 T 1 FH ZLFE b, ROS /K-
A IEAR R AE T R AR I E B AR A .l T LT
2 M 1% 3% L B DCFH-DA #R5F GR 4T - B3R 3= 1:
1 000, v/v; HEF e 2% BE = 10 pmol/L) o B BR 45 4140
85 5 3 5, I AHE B 5 19 DCFH-DA 41, 37 C 7
20 min, /NI SR, 48 JC 155 20 P % % L ok
VAN 3 YR . A O I IR AR A A AR (Ex/
Em = 488 nm/525 nm) . BLAMASHFGE R A 4", 6'- ik
Fh2—ZE LS| (DAPD) YL bbb 10 40 B A%

135 RS FAEKET(F AN BRI
S — PR AR RS 1) A AT T T =X, i 2 fiok e R B
TR 2R . PR, Bk i B e i S S Ak
TET-HIRE O AEFR o WA 1 x 1004200 0, KR 478 200 Jfd A
Bk T 0 e I, 6 B 20 P Fe® B i A I ) & e I A
BT 0.2 mL 24 22 Wil , 4 °C F 246#% 10 min. 4 °C,
12 000 r/min E5.0> 10 min, BUETER . A 80 wL i (L,
37 CHEE 40 min , i I EG AR AR 593 nm bW O BE

1B, 456 b v il 20 5 SVBR Y B Fe B
1.3.6 JC—1xAnmb L e AR el RILT-H

JHL A 11 3 0 SRL AR D) BE B A . kL AR S H A7 5%
RS2 2ok AR T RE B A5 () 2 ZLERAE . DAL, mT 3l T A
U 28 A4 B Fl 37 DA A B AR SE T 5 R k. BBk
MRS FE 5L, A1 mL PBS W TH VEANME . 5 UESS
WA T mL 45 32 . A1 mL JC-1 J4
TAEW, 37 CHFE 20 min, FEFBRIAR, A JC-1 42
ORI TE 2 ~ 3K A 2 mL 4l i 8% 55 3% | f

e 41 -
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FH2¢ 6 B 34085 WL 2E (Ex/Em=490 nm/530 nm) .

137 @ MDA A GSH #al Bt 2 ROS &
Tl A A T PP 20 A ARk B OO I R . T
(Malondialdehyde, MDA ) J2& Jig i it 480 b 19 Fe 24 7= )
i 43 B H B ( Glutathione, GSH) 7K -2 5% 4 ROS , A
FH T B2 W20 e ) Bt A Ak K DR b 2 i A AR Ak
WAE TR o EAL N USRS S R IE TR A BRI IR Ut
MDA il GSH 7] - Fz WL il a2k 36 1= W4 4l i+
it + 0.25% JBE AR, 11 BT AL 20 L 2 min, A5 10355 79 4
i35 77 3 28 0k R, /N0 AT 4Nt 2 4RI L LA
3 000 r/min £5.0 1 min, BBR LIS A LI 1Y
BRI T RN . MDA A - B 2 4 AR, in A
RIPA 2L W, ¢ 40 75 73 4% ), 4 °C .9 600 1/min
B30 10 min, B W5 . (8 FH BCA A5 3 70) 50 46 Tl
FVEWE W . 0.1 mL EIE W, A MDA T/E
W, 100 CJZ W 15 min, FRFWAR N EZR)E ., D
3000 r/min Z5.0> 10 min , 38 13 BAR ASORE 0 375 8 ' B
{8, MR PE bR 42318 MDA 358 . GSH K « BGH
Sy AR S AR 125 BRIAR M, RS R S5 G
WA 37 CARBHAT 2 R R AL, 4 °C .9 600 1/
min 2.0 10 min, BCEIE R T GSH AT . AR 45 1 751
B UL K I A GSH 35 B il B AN GSH ¥ 5% T
YEW,25 CF L1 he A A BEH K TAER,
25 CHFF 5 min. JIA 0.5 mg/mL NADPH, 7. BV ] /il
FRASCKE I 412 nm Ab B9 IO BE A, 456 brifE it 2153
ST IO H IR B AR A5 BE H K (oxidized glutathione,
GSSG) ikt , GSH FRik it =R 4 BEH BL-GSSG .

138 0o RNARIR  BUAZH 400, B BR 40 i
K23 A 1 mL TRIzol (RO016 , -7 38 25 KA W) Bl
BAMRAR) , S EEES min, AN, SEHE
3 min, 4 °CF 10 600 t/min &5 .0> 15 min, /M0 W EC
ET KRR OB IMARNE, B EER
#+E 10 min, 4 °C'F 10 600 r/min £ .0> 10 min, 5[5
Mo MA75% L BEFEEDUVE 4 CF 8 400 r/min £ .0
5 min, 3+ L3 %, i A DEPC 7K & RNA VLIE.
1.3.9 RT—PCR # M GPX4 . Nrf2, ASCL4 mRNA
Fok AHFSEALE PO E B PCR A2 i ELAVLL )
BRAE TR O DR A 8 5 S 0 A R A A v i 3
Ko BRAETHH G I A 5 GPX4 \Nif2 \ ASCL4, i
— YR KT PCROE R G i A7 39 e S I 9ot g it . R
RNA £ i (FR Il RNA ] IE 51 9) , AR 40 v B 1R
A, ] JC RNA B /9 25 85 F K € & 2 20 pl.

ELAVLI IE [7] 5] 4 : 5'-CGCAGAGATTCAGGTTCTCC-
3, LI 51 ) : 5'-CCAAACCCTTTGCACTTGTT-3', £
J& #4520 bp ; GPX4 IE 1] 519 : 5'-GTAACCAGTTCGGG
AAGCAG-3', J 101 5|4 : 5'~-TGTCGATGAGGAACTGT
GGA=3", K JE 1420 bp; Nef2 iE [1] 5 4 : 5'-AGCAGGA
CATGGAGCAAGTT-3", KL [n] 5|4 : 5'-GACCACAGTTG
CCCACTTCT-3', K ) 20 bp ; ACSLA 1E [1 514 : 5'-C
CGACCTAAGGGAGTGATGA-3', JZ [ 514 : 5'-CCTG
CAGCCATAGGTAAAGC-3', K J& 4 20 bp; GAPDH 1E
] 51 ¥ : 5'-CACCATTGGCAATGAGCGGTTC-3', J [f]
519 : 5'-AGGTCTTTGCGGATGTCCACGT-3', K Ji 1
22 bp, JIW 50 °C %5 5% 5 min, 95 °C Fil AR P
3 min, 95 CAEE 10 5,60 CiB K /AEHiI/RERES 30 s,
LPE IR 40 K o DL 2724 3 5 GPX4 . Nif2 |, ASCL4
mRNA FXF R h .
1.3.10  Western blotting #& ] GPX4 , Nrf2, ASCL4 %
B Aaa RGN HMAESINA RIPA 24/, F 40 i 72
Iy 25,4 °C .9 600 r/min 2.0 10 min, B[ 5 K .
i 5 BCA KM 70) oA I b v i v B . BEARIK
A 20 wg 8 FIRE S 38 3 SDS-PAGE HL Uk 73 25 1k
O3B EE EURE S, VIR S5 1T 38 2o 5 TSR B 1 e
% PVDF . AT 5% Wi 28 % ) 3 PR I, = 1 6
BH1he BEREHBE, MA—PMRBER,.4 CHEL
o TPSCHT AR AR B L I A AR 2o 48 Ak ) il 5 1R 1)
T PR R, 37 CHEE L h, [l IR RO . T
B ECL B A, BT 5 min. R FHEEIR L5105k
BEH&WHIR, LIGAPDH Y N B EH , A
GPX4  Nrf2 , ASCLA & FAHXT ik i , 25 I AH X 3k
=1 I AR 1K B (B /GAPDH £ K 1 .
14 Sit5FH%®

B o3 A R FH SPSS 22.0 i it a4k . R OR
DA + B2z (e 2 s) PO 5L CF U A2 88, 1 pd
SO M(P,g, P RN, LU ¢ K 96 T5 7 25493
BT B8 B RIS 565, 5 22 43 BT 169 7 1 1L 358 FH Tukeey's 75
THECTE R LIS B 3% (%) Fom , B H PR3 .
P<0.05 k25545900175 Lo

&R

2.1 ELAVL1 §RIZEHAEELAVLI R RIZAIGK
BRI
ELAVL] & £k 415 ELAVLL K 36 15 41 M 94

2
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O, G5 SR TREIR B B A AR IR R SY ELAVLL W B A BRIE TR IR A

B RS R PRI FE BMI ELER , 22 R G E
X (P>0.05) . Wil T-score {f . Il ¥& B-CTX . Ifil i
PINP #5222 5 ¥ G217 3 L (P <0.05) ,ELAVL1
75 4238 41 T—score {E Ik T ELAVLI R £ 35 41, 13 B
~CTX . IfiL 7 PINP 5 T ELAVLI X ik 40 . 45 R %W
ELAVLI ik FH 5 DOP LA KA, WE 1,
2.2 DOP 4 533 B8 4 GPX4 ., Nrf2, ACSL4 7k F
L&

DOP 21 5 %} B8 4 GPX4 \Nrf2 , ACSL4 /K - b %52 ,
22 F W G2 X (P <0.05) , DOP 4 1L i GPX4 .

Nrf2 X FRZH G , ACSLA HE X PR ZH B, W3R 2,
2.3 DOP #&& i ELAVL1 R i% 5 M i& ACSL4,
GPX4 . Nrf2 (91X 5 17

Pearson A G PE 3 Ar 25 32 B, DOP (35 P Il v
ELAVL1 % ik 5 ACSI4 & IFE M 5% (r =0.689, P =
0.000) , 5 GPX4 | Nrf2 2 11 A 5¢ (r =-0.312 F1-0.447 ,
P =0.000) , Il # ELAVL1 5 ACSL4 & 1E % (r =
0.689, P =0.000) , Ifi. 7 ELAVLI 5 GPX4 & i 4 3¢
(r=-0.559, P =0.000) , Ifil. #§ ELAVL1 5 Nif2 2 ffi 4
X (r=-0.669, P=0.000), H AU, 7E DOP & 4 Fil
KJE R ELAVLI 58381 8 BAHG . WK 1.

#1 ELAVL1 BRIZASELAVLTERIZAIGKEZRLE
. L Bkl RIS, BRI BMI_/(kg/mz, T-score {H 1L p-CTX/ L35 PINP/
14 X+s) (4E, x+s) X+s) [M(P,,,P.0)] (pgmL, x+s)  (pg/mL, x+s)
ELAVLI #6541 22 8/14  6645+1328  730+1.92  2138%1.29 -32(-3.7,-2.6) 310.15+£30.87  4530%11.99
ELAVLIkFA4] 28 15/13  6925+12.83  690+£207  21.61+153 -3.0(-3.8,-25) 27494+2959  3631+924
Xt Z 14 1.469 0.740 0.875 0.533 207.500 4.014 2936
PAH 0.226 0.463 0.386 0.597 0.048 0.002 0.005

%2 DOPAEGITHE GPX4.Nrf2 ACSL4 /KT ELER

(x+s)
45 GPX4/(ng/mL) Nrf2/(ng/mL)  ACSL4/(pg/mL)
DOP#H 6339+18.14  473=x1.15 1332.51 £ 176.99
paiistil 82.27 +16.71 7.49 £ 1.74 1201.23 + 181.50
t1H 5.356 9.249 3.625
P{E 0.000 0.000 0.000

2.4 &% GPX4.Nrf2,ELAVL1,ACSL4 mRNA %1
ERMEMRIEEE

¢ GPX4 Nrf2 \[ELAVL1 , ACSL4 mRNA %} 3
kg IR, 2R IA G X (P<0.05) . A

150

100 - ¢

1374 GPX4
I35 Nef2

GPX4., Nrf2 mRNA % X} B 41 B% ik (P <0.05) ,
ELAVLI , ACSL3 mRNA % %} B8 41 F+ 55 (P <0.05) , i
B+ sh-ELAVLI 41 GPX4  Nrf2 mRNA %% &5 4 + sh-NC
20 7+ 5 (P <0.05) , ELAVL] . ACSL3 mRNA %5 /=5 4 +
sh=NC 4 [&{% (P <0.05). W33,

% 41 GPX4  Nrf2 \ ELAVLI , ACSL4 % [ %} 3
R, 2 R G E L(P<0.05) . mbEd
GPX4 | Nrf2 45 [ 8% B2 [ 1K (P <0.05) , ELAVLL .
ACSLA 1 B % B4 TH i (P <0.05) , 5 B + sh-
ELAVL1 £ GPX4  Nrf2 25 [ % & # + sh-NC 41 T} &
(P<0.05) ,ELAVLI ,ACSL4 £ 142 = Bl + sh-NC 2l %
fK(P<0.05)., W34 FE 2,

1 800+
1 600
1 4004
12004

1L ACSLA

1 0004

117 ELAVL1
A
1

If7# ELAVLI

1% ELAVLI
B C

DOP £& & ELAVL1 51i1i& GPX4 Nrf2 ACSL4 f)E K 148 = B
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EBREAE

i34 %

#* 3 KHGPX4.Nrf2,ELAVL1 . ACSL4 mRNA

BAXRIEELER (vzs)
- GPX4 Nrf2 ELAVLI  ACSL4
mRNA mRNA mRNA mRNA
Xof IR 1.00£0.09 1.00+0.12 1.00+0.07 1.00+0.10
[yt 037+0.01 048+0.03 1.78+0.10 1.47+0.19
EbE+ sh-NCZl 040+0.09 046001 1.88+024 1.53+0.05
EE+ sh—
S — 0.80+0.02 0.73+0.03 121+0.10 1.11+0.10
FAE 47.130 33.630 18.170 9.166
P1H 0.000 0.000 0.001 0.006

A g SRUESE, DOP i B A% A K 80 A ELAVLI
ACSLAF35 1R, GPX4 Nrf2 2635 T4, 22 DOP 24 iy
RV ELAVLL B SR T A T {lR ELAVLL
A5 5E DOP RSN ASAL 2R A T4 56 2R 3k

* 4 FBHEGPX4.Nrf2,ELAVL1 . ACSL4EH

0.05) . FHIFEK ELAVLL 7] F&AI DOP {441 41 55 #4

P R R i, LS.
x5 FHRASHKSEFSSERE (xzs)

2151 B E R (umol/mg) Fe™ it
X HR 2 25.07 +1.35 1.01 £0.04
AL 4473 +2.24 2.01 +0.23
EbE+ sh-NC 4 43.40 £ 1.93 1.98 £0.11
b+ sh-ELAVLI1 21 30.67 + 1.94 1.16 £ 0.05
Fia 51.960 32.270
Pia 0.000 0.000

2.6 #HEMDA.GSHRIZELLE

£ 20 MDA \GSH A & [L#, 2 R A gt
B X (P<0.05), @& BE2H MDA 84 IR 41 375 (P <0.05) ,
GSH % %F I8 2H ik (P <0.05) , %5 ¥ + sh-ELAVLI1 21
MDA 4 = i + sh-NC 41115 , GSH 44 = #f + sh-NC 41 15

I RIEELLE (xxs) (P<005)., W¥ke6.,
ELAVLI  ACSL4 o
205 GPX4#EH  N2ZEH K6 FHEMDAGSHRIZEELE (xzxs)
A A
it IR 047+0.01 0.60+001 020+001 031001 4151 MDA/(wmol/mg) GSH
| 024+0.01 029+0.01 049+0.01 0.66+0.04 Xt BB 2 2027 + 1.68 1.04 +0.07
B+ sh-NC4l 026+0.01 030+0.01 050+0.01 0.62+0.01 =3 il 51.60 + 3.30 0.53 £0.10
b+ sh— EibE+ sh-NC 2 51.20 £2.12 0.55 £ 0.07
043+0.01 0.58+0.01 023+0.01 0.39+0.01
ELAVLIZH Eii+ sh-ELAVL1 4 35.60£2.92 0.83 +0.07
FAE 301.800  679.600  459.800  158.400 Fii 66.780 19.750
PAE 0.000 0.000 0.000 0.000 Pl 0.000 0.000
1 2 3 4 . e .
2.7 FHROSHM LHKERE LR
CPX4 _ 20kD DCFH-DA #4510 ROS #2552 5 775 , DOP 41
v | o - WSt DCFH-DA 61 47 i ROS % %1 1 41
ELAVLI _ 36 kD B+ sh-NC 41 ROS 5 g v 4l oIl W78 1k . b+
ACSLA _ 79kD sh-ELAVL1 1 ROS /> F i+ sh-NC 41 WL 3.
LN AN e AV — o =R
CAPDH _ 36 KD 2R R 5 R AL 25 2R R 5 R LA, e
LT, SRR T, 2% B AR (AR I FL A AR .
1:6FHREH 5 2. EolE4 5 3. b+ sh—-NC 4 5 4. =8+ sh-ELAVLI1 41,

E2 %£&4GPX4.Nrf2 ELAVL1 . ACSL4EHE&HE

25 BHEHKESENRFSFEILR

U BT R L I, ZRYESIT
2R X (P<0.05) , = b5 20 0] 4 Tt (P <0.05)
175 W% + sh-ELAVL1 41 %% = i + sh-NC 41 [ 1% (P <

5 L #, v B+ sh-ELVLAT 21 28 4 it v £
TCWI R 225 o BT @i+ sh-NC 4, = B + sh-
ELAVL1 2 e v [ TF (Z00a34 m, gt ) o 46
LA R H A7 25 2R 3R WY e B B 4 R MC3T3 4 i 2k
AR5 5, T RCIK ELAVLL 1T 306 % w5 303 S 10 4 ke
;. WK 4,

- 44 -



55 10 4] PR, S FET RO AN ISR S ELAVLIL X BB AR IR T i A ]

X HRZH [

b+ sh-NCZH b+ sh-ELAVL1 4
G556 K DCFH-DA FRiC 1 ROS; 5 4,56 5% K DAPLR & AR
ICM AN

3 HHEMBEROSHM (x200)

XFHRZH

FibE+ sh-NC 41 b+ sh-ELAVL1 4
A 00 S 5 b)) | B VEES 7 TR N AEE R VA G L (AR 1 .y B S 4

A RUIERARBE A ETF 5 (90 DAPHREHPRCH AR .

B4 FBHELHREKRBAMAEN (x200)

3 itig

BRAET-7E DOP % | & e ad #8 vp k45 J B A
o AR5 2 BLAE DOP B35 1L i Fh RSB T A B
K55, Hirb GPX4 f Nrf2 2635 T 9, 1M ACSIA4 3
I8 VA B R SO B G S AR T, 5 S
1t AL BT P, GE PR A DOP L I T
{18 240 B 5 55 0 7 B A M s 7 O e Ak
MAD .GSH . GPX4 SE R E T8 b5 VT4l 4l L4k FE T, I
ST IESE & DOP B3 LY Y 41 A 8% 75 25 v fk % 1l
Y ARAE T . ASHIF S 8 A I R ECHE UE B 2R B T 5
DOP &AL 2 (B I 7R &R .

ARG 45 S % R, v A S A o R 0 e s PR Ak

FET G o B A MR — P B e R T SR A 4
FLoy Al i o AR ASR AR A A i 1t A, T =g IARE
IBE 0T — R 5 A0 ARG o)y, 1 A 1
HAAE AL, AN ZEORIE ST I BH b 2% 1 RT3 n
B TR E R FERCE et R, R ok
RTE R B A S A, S SO M X R R 7 SR B, AR
(I e R = B NS IS Pl W B 112571 7 53 G /S
MR BRI AR FECR T 2, X — L ROSTR R
Kot B AGVE R, O IR 005 S50 B 240 R X 4 S T 5
NT S5 I SR 200 B 53 sk A8 A Bl AT 2R DLk Ak A
Wi, PE LA SRR T R . ARER SRR, &
WE 5 5 09 0% 1 40 28 30 A GPX4  Nif2 R 38 T I,
ACSL4 3k iR, [A] I 40 il vh ROS \MAD | GVEE &5 £
Fe™ 7t B I, T GSH Bz e br A4 B2 vy 437 W Bk 341G, 2
TN RS SR B AN ARSET . BT UL, B R Sk
4 L4 D TR B R AT i i R AT T, i — 2P
TR 8By 55 B 1 A4 L =2 ) ) IR 135 20

AW RAE T ELAVL 7E =5 45 S 08 40 i 42
FET- A VE I HLE . ELAVLI 7] 5 RNA $0AR 89 N &
TR 3—AEBIIRIX (3'-UTR) 454 , 155 s Jm K OF &
5 mRNA B 894 R e L BHREP BraL oF 5 48
ELAVLI J& WO 2 B W75 5 2k s T 1Y SC B B 117
A AT UL, ELAVLL 58381 B8 A 0¢ , ELAVL] ik
SRR AR T R AR AR LM
ELAVLI 7€ DOP & & MG HEA oK Ao R, A
5T 4 Pearson {45 56 1ML 7 ELAVL1 58T 4H ¢
TR G, 45 S 26 0 1L 7 ELAVLI 5 GPX4 \Nrf2
B SE, B0 ELAVL] 5 ACSL4 5 1E A6, #8
7E DOP H1 ELAVL1 ik 58I T- X R % V). DENG
SEUSE HH ELAVLY A S5 8 4t A rh R AT T A DG R
()5 Sk J W R 35 . I WFSEIESE ELAVLL 5 i 2
MR AT I TS B 2, [F]IFL 4 725 ELAVLL A RE7E
1 A S R 40 R B S BRAE T2 5 DOP &k AL
il o FEAWFR A R, mbE 5] ELAVLL 76 1% 5 2
Jid H A 235 U, R ELAVLL ] 53 5% 5 A S Y
0% B A LR FE T, S 1) UE S = W55 19 ELAVLL &
ik bR R R R T R R

L5 E TR ARG UE S i W S5 17 S A
BRAET, ELAVLL 5 DOP #: 6 T-4H ¢, @ fit ELAVL1
A R S B A B AT AR SR SR T
— 2T 0B A AR LT /Y DOP P FE ML, IR
DOP AHICHF ST S AL T WEZER0 A . SR H T i AS B
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