DOI: 10.11844/cjcb.2026.04.0011
i E A AE ) 2424 9] Chinese Journal of Cell Biology 2026, 48(4): 1046-1058 CSTR: 32200.14.¢jcb.2026.04.0011

18I £k B IR 215 SR APETkIE T
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WE  Z XK T 48(Cadmium, Cd)FF K RRARRE @4k T A Bd o TAu. Rk
FCd(0.25~10 pmol/L)4L 32 X R R AR 28248 h, MTTA=AG 5 b &, 3k AS M 40 i 7E /) A bm L 201E, I
HCAeyiE T A TR E ., ARIEICHE, W AR B 48 I AL A 64, 4 5| & JE i 3% F#(Control)28. 1K
# #Cd(L-Cd, 0.5 umol/L)28. ¥ 7| & Cd(M-Cd, 1.0 umol/L)48. %7 &Cd(H-Cd, 2.0 umol/L)2A. %k
5t T 37 4 7 Fer-14+H-Cd(Fer-1+H-Cd) 28 A& § & 4 4| 7 BafA1+H-Cd(BafA1+H-Cd)41. i iFer-14=
BafAl4 % F FUH-CA48 s B 8 e, BA A — 4 3+ Cdis 5 A 2 sk B "2 & L Rkt T o9 4= A .
FeRhoNox-13R X484 3 &40 40 i 1 73 B Fe* 7K-F; C11-BODIPY 581/591 % AR 4t 3 &40 4m it
Jig & M B (Lip ROS)7K-F; 1L 5 bk & 0% ) 2 4m i ) A —BS(MDA)F= 5L H Ik (GSH) A& ; RT-qPCR
FARK M TR BARRARTARA N(SLCTALL) 5P Ikt A4 Bed(GPX4) Ao K 4k BE A S B A AR BE
4(ACSL4)#ymRNAK-F; Western bloti MSLC7A1l. GPX4. ACSL4. K& 48X & G $24£-3(LC-3).
AL AR E B FANCOAS) . A BaIRAR % & a(LAMpz)ﬁuék/’Eé: T4 1(FTHI) & & KA T, )%
R G EIRLC-3BREAFTHI 58k ey 2 212, 4R 27, SControlZBA8H, . FHF
FCAM-Cd. H-Cd)&t 22 40 mx B 0 e 7% % . GSHE E. SLC7A115 GPX449mRNAK -F, vA &SL-
C7A11. GPX4. FTHI1A=&Ba1kAR X & & 2(LAMP2) & & & ik 23 B F EK(P<0.01), @ 28R i
#Fe**. Lip ROSAMDAK-F, ACSL44)mRNAK-F, ACSL4. NCOA4% & & ik 5LC-3I/LC-31{A
¥) B %55 (P<0.01), BB 4t f 038, LC-3BE G AL FAFTHI AR R EARE T ¥
& . H5H-Cd4e48tk, Fer-142BafAlF T 2 & M4kl A Fe**. Lip ROS/K-FALC-31I/LC-314, 5f
B 2K ZNCOA4. FTHI. GPX4%& & & ik K-F 5 alei 7(P<0.01). vA L4 REH, CATHFRE
M RAR R ST, AR R ALEI T A5 4k B w69 30E H AR K.
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Cadmium Promotes Ferroptosis in Osteoblasts by Activating the Ferritinophagy

LOU Kai'*, SHEN Fangmin', ZHANG Tongtong’, ZHANG Zhiming', CHEN Yihang', WU Xinran', ZHANG Yun'*

(‘Department of Physiology, College of Medicine, Shaoxing University, Shaoxing 312000, China; *Hanlin College,
Nanjing University of Chinese Medicine, Taizhou 225300, China)

Abstract This study aimed to investigate whether Cd (cadmium) induced ferroptosis of rat primary osteo-
blasts and to explain the underlying molecular mechanisms. Rat primary osteoblasts isolated in vitro were treated
with Cd (0.25-10 umol/L). Cell viability and cytotoxicity were evaluated by MTT and colorimetric assays to deter-

mine the optimal concentrations of Cd. Based on the 1Cs, value, osteoblasts were randomly assigned to six groups:
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Control (normal) group, L-Cd (low-dose Cd, 0.5 umol/L) group, M-Cd (medium-dose Cd, 1.0 umol/L) group, H-Cd
(high-dose Cd, 2.0 umol/L) group, Fer-1+H-Cd (the ferroptosis inhibitor ferrostatin-1+H-Cd) group, and BafA1+H-
Cd (the autophagy inhibitor bafilomycin A1+H-Cd) group. To elucidate the regulatory effects of Fer-1 or BafA1l on
Cd-induced ferritinophagy and ferroptosis in osteoblasts, cells in the H-Cd group were pretreated with the two in-
hibitors, respectively. Intracellular levels of free Fe*" and Lip ROS (lipid reactive oxygen species) were determined
by FeRhoNox-1 and C11-BODIPY 581/591 staining, respectively. Intracellular contents of MDA (malondialdehyde)
and GSH (glutathione) were detected by colorimetric assays. The mRNA expression levels of SLC7411 (solute
carrier family 7 member 11), GPX4 (glutathione peroxidase 4), and 4CSL4 (acyl-CoA synthetase long-chain fami-
ly member 4) were measured via RT-qPCR (reverse transcription-quantitative polymerase chain reaction). Protein
expression of SLC7A11, GPX4, ACSL4, LC-3 (microtubule-associated protein 1 light chain 3), NCOA4 (nuclear
receptor coactivator 4), LAMP2 (lysosome-associated membrane protein 2) and FTH1 (ferritin heavy chain 1)
were examined by Western blot. The punctate accumulation of LC-3B and the colocalization of FTH1 with lyso-
somes were observed by immunofluorescence staining. Results showed that compared with the control group, the
osteoblasts viability, GSH content, mRNA levels of SLC7411 and GPX4, as well as protein expression levels of
SLC7A11, GPX4, LAMP2 and FTH1 were significantly decreased in the M-Cd and H-Cd-treated groups (P<0.01);
whereas, the intracellular levels of free Fe*', Lip ROS and MDA, mRNA level of ACSL4, protein expression lev-
els of ACSL4 and NCOAA4, as well as the LC-31I/LC-31 value were significantly increased (£<0.01); meanwhile,
the number of autophagic vacuoles, LC-3B protein expression, and the accumulation of FTHI1 in lysosomes were
remarkably enhanced in the Cd-treated cells. Compared with the H-Cd group, the intracellular levels of free Fe**
and Lip ROS, as well as the LC-31I/LC-3I value, were significantly reduced in the Fer-1 or BafAl-treated groups;
protein expression of NCOA4, FTH1, and GPX4, along with osteoblasts viability, was markedly restored (P<0.01).
Collectively, these results suggest that Cd induces ferroptosis in osteoblasts, which is closely associated with the
activation of the ferritinophagy.

Keywords  cadmium; osteoblasts; ferroptosis; ferritinophagy

% (cadmium, Cd)/& — M S (1 8 5 Jm V5 e,
EIRE 5 Qe BN R . FRIE CaFE =84 4
BRI PR 35%, HfE A0, x5 Cdis 4L
By 455 T SE R Bk . AT 2 T e S, Cd Tl
W WREREEANNE, FEERTH. BH
R, RN AR ENL 10~304E 2, CdK 2
T B WM R MRS S L NS E
ARGt S B thah, H Rkt CAEEER M)
FEERTE. AWK, Cdrf BEEA T HHEZ,
TR B BSOS )« FRAER i 86 B, e85 R B T BRAA
) S 2 38 By A AR Y, R, CdRE 3
] RSB AR B 7, BELAS R A R 5 S 2 A, ks
AT TR, ek, Cdidn i@ i i i3 caspase-3
TECHIDNA F BAk, 35S e s -0 Fakat
FR T Cd i T B 4l AE TR 5 R m AR &
L, (HHHARVE FIBLE, B Al AR 78 4 5 B .

BAET (ferroptosis) & — FEL A . i i1 i 4

A SR AL T 7 20, BAAR B H K (glutathi-
one, GSH)#E¥ . A Wt H IKid S AL ) 4(glutathione
peroxidase 4, GPX4)JiE . BRAREIZEL G i 4
BB DR AE M. BB RAESE, BT S
JJEE L D REAN A2 I AR BB B G S 22 MO IE (1)
KA R R EE VIR LU, AR R B, BRAE T B ot
G FASE (195 SRR rh R 4 S B R AR U {5,
JINGHE VST 78 IR, BREE 2 P 85 Fenton 2 S AR i
B J 9 1 48 (lipid reactive oxygen species, Lip ROS)
JE U EAR T A R, T S R R AR AR T,
RAFBUNRIRE TR . HAERERR, 2
KA (10 pmol/L) AT 2.3 T 1 s 41 U ¥k MC3T3-E1
o GPXA )R IEIK-, T4 M N Ui 125 Fe® 7K1 171
e A EIORE 7 O R R 2 T R A M R A
D, BARRIAMM N GSHE . GPX4iE
3 FBE. Lip ROS/KVI ST+, [FIEEBET{k
G5 T8 B> B rr g A R R0 U SR, Bk
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SETZAE CAiF5 T 10 R0 B 4 0 4 0 2o A2 v A 4 I B A
RUSIEHLE], HATUA RFIRN . 2Tk, AHE
FERAR B A B Al O SR R, 5 Cdis 4
MR T, PR Cdoxt il 40 L BRAE T B 2k )
SN, I BB LR 2> T AL, LA CABUR Bt
FARE R 93 AL A B [ 6 SR 1) 52 72 (3t 55 06 o4l 5C
HE5MES%.

1 MREREE
11 EERFAMEZLER

SR (CACL, 155 C116344)10 [ Fifg Fi i
TR PR A 7 ; DMEME; 7225 (185 12491015)F1
i /F % (575 10099141)0 H 56 [ Gibeo 2y A ; 1152
I S5 (555 Y296937) MTT($%5: CO009M). .
T fii ZU B (lactate dehydrogenase, LDH)AG il 157 &
145 : P0393S). GSHEZ A& (T2 : S0056).
A . l% (malondialdehyde, MDA) & a5 & (T%
51 S0131M). I EEAR 2 Y6 IRET LysoTracker(17 5 :
S28588) M RIPAZL R (175 : PO013B)IW H Fifg3
“REVFEAREGR AT ; Fe* ¥ 484 FeRhoNox-
1($2%5 : GRX-0003) H H A Goryo Chemical A 7] ;
BPUSLCTATT R g FE PR (T2 55 : A25302). bt
GPX4HTLRERUIR (B9 A11243). GRPUKEEREEH
1§ A& FE 4(acyl-CoA synthetase long-chain family
member 4, ACSL4) ¥ BEPLIAR (T8 5 1 A20414)F1 4%
PUE A AH S 82 1 2(lysosome-associated mem-
brane protein 2, LAMP2) 5.5 [EHi44 (175 : A0593)
W %2 2% e lDUE R A IR A S il
K H#5E 3(microtubule-associated protein 1 light
chain 3, LC-3)Z W PR (T8 5 : AF5402). Rit
1% 52 AR 3L 305 I F 4(nuclear receptor coactivator 4,
NCOA4)Z wifEHifk (175 : DF4255). RhitkEH
% 1(ferritin heavy chain 1, FTH1)% wBEHUA (T%
51 DF6278)F1 4470 B-actin B 5 BE P44 (18 5 T0022)
5 5 3% [E Affinity Biosciences’a 7] ; Lip ROS% MR
£ C11-BODIPY 581/591(%%5 : HY-D1301). Tl
#1177 Z-VAD-FMK(VAD, %5 : T7020). YRFEHEH T
F#1 7 Nec-1(necrostatin-1, 575: T1847). ERILT-H]
#ill 771 Fer-1(ferrostatin 1, 575 : T6500)F1 F W 475157
BafAl(bafilomycin A1, %5 : T6740)I [ 3 [E MCE
N B ECLAL S AOGI (B5 « 32209) H 55
ThermoFisher Scientific/A 7] .

AB104SH! 773 #1 R P H £ [5 Sartorius 2
H); AERE A . Applied Biosystems PCRAXE H 3
ThermoFisher Scientific’/A 7 ; VersaMax 4= K fiff
FRAE H 35 EMD A 7] ; CytoFLEXS 2 it 20 4H B A
[ 3% [H Beckman /A &) ; DMILAY 5% ' i ke g 1 4
LeicaA & ; LSM900A! S0 3L 5 A8 WU se Il 1 4 ]
Carl ZeissA ] ; /NS H I EH HIKFEED RG0H H 3£
Bio-Rad A 7]; B AR 0 i R4 0E B Bl S Fet
EAERAPRA A
1.2 75
1.2.1 KABRKRRT @B, BARELEZ
SPFZ 1 H & SDA BRI Lilg i3 v st i sh
PR BTAE A F], SEEG S A = VF AT IE 5 v SCXK ()
2022-0004. AT SLIREE AT N R R B 525
IV ZE UL 2 R AE (I S 20252069) . Kk
40K B A AT i B S i TR, BARRED
BUR : SDFL R Je404 °CUKIES min, 1T IERREE, £
FOR BT, R FH S o RVt —— D3R
T RGP TS it A 7 5, B AR
MWD 5 AR TE RS , R F E i as s, R
BT W PBSIR B A7 . 2R i R 1 b & 1)
ShERH 2R e SR T, TG PBSIBYE2IK, Bl f5
i 55 B BT 2 20 1 mmx1 mmx1 mmPgi/NgH 238,
FZHZRE I 0.25% R E g, B 137 °CHAF R
THAK 15 min, JHAEE R G 70 2 TR ETRH AL B S
I T mg/mL TAYfi iR g, 4k 2L T-37 °CiH 4690 min,
HATERE , WEHR SR R AR B O0E T
BELEETEOIF, T 4°C, 1000 xgzkfFF
B90 10 min, BLOE AR EMIZ: FIFW BCR Z40M0T
UE, & 10% 0645135 . 100 U/mLE 55 2 52 100 pug/mL
HERT 2 (1750 DMEMB: TR 70 7 B8, WRFT 34350 il Al
BRI o ) A L R B B R R T SR
BT 5% CO:. 37 CREFEM AT H MR TR, R %=
S5 U B A 43 8 (R AN AT 4K Al S 0 20 P s
I ALP St %5 e i 40 e 0
122 MTT#HR#EN aleE 5 BE~SAC e 4 i 4%
Fh T 96FLEE M, 759724 hia 20 BN Cd(0. 0.2,
0.5, 1.0, 2.0, 5.0 10.0 umol/L)AL¥ 48 h, 4
WEEEANR., LR, FILIMA20 uL
MTT(5 g/L), BT 37 °C. 5% COIEF-MH 4k E
4 ho WEEHRGFH LG, FFLINA200 uL DMSO,
R 6 ming K FHBEAR AR - FLIE490 nmif &K
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TR SE (Do) - HRHEMTTZE Rt 5 & 2H 4H i
T 7, FETRE H CAfE BB .
123 fmiesna 5432 G4 IREHL S N IE T B
7R (Control)ZH . AIK5f] & Cd(L-Cd, 0.5 pmol/L)4 .
th ) Cd(M-Cd, 1.0 pmol/L)4L. & 7& Cd(H-Cd,
2.0 pmol/L)4. BkIE T i 55 Fer-1+H-Cd(Fer-1+H-
Cd)4H Jz [ W41 771 BafA 1+H-Cd(BafA 1+H-Cd) 4H. .
1.2.4 LDHAMKA &tn @i WERH
M EiEW . S I LDHA R & 1 B k4T
R HC120 pL EI3EBINAN96FLER FARS R FLH,
FLANIN60 uL LDHAS I TAEWR, 78501851 )G T 2 ik
He&AF T E 30 min, KA BFARLE 490 nmit KAk
W5 25 LI (Do) o 4% BRA 2R s 5= (Dcasras—
Disan )/ (D erin—Drsan )X 100% 1 5 58 20 f ¥ 5t
T3,
125 @ieMDALGSH#&Zeymle  IEERAH
YA, i ANRIPAZLAR R I B T K E2L#30 min.
LR G, BRI 2 EPE T, T4 °C,
12 000 xgZ&Ah T 850010 min, Y FiG R, K FIBCA
PN E AR R

MDA &84, 218 MDA & i B 514,
53 B MDARRE S FEITARE 5 MDAKT I TAE R
FEARAT, BT 100 °C/K A S min; FFKiHA
ZARBHE=RR)G, BIREW T4 °C. 12 000 xg
264 R B0 10 ming BX200 puL_EIERINN96FLEE TR,
KBRS AAE 532 nmfl K AR 8 2 FLIROEE (Dss3)
B, MR bR 28 1 525 4LRE i B MDA i, SE56
458 Llnmol/mg prot# /i

GSHEENE . ZIRGSHIA & BiglE: T
96FLAR H 43 B NAFIIARE 5 B GSHARAE i, LM
150 pL GSHETI TAEWR, 78701 5) f5 2= iR & 5 min;

B J5 AEFLAMINS0 uL NADPH(0.5 mg/mL)¥& W, 18215
Ak o = IR F 25 min, 57 RIFE R FHBEFRAX 412 nmi K
b 5E LR (Dao) (B ARIEARAE T T %20
FEAGSHE &, S5045 5 Linmol/mg prot& 7 »
1.2.6 FeRhoNox-1# &M KM A Fe? K-F
SHMMA I TE RS, F EERIFH PBSBER
21K ; M5 umol/L Fe*' Yo% FeRhoNox-1,
FE B E I E 30 min. XA PBSTEW G, dExt
LSM900¥' 3 5 £ 16 1% K e =X 24 A A3 2o oA il
Y1 P U7 B Fe? KT AR AL

1.2.7 CI11-BODIPY 581/591 &L tafi. M Lip
ROS/K-F AN RS, 7 RIS
PBS¥E4 20K ; I 2 pmol/L Lip ROSY M4l C11-
BODIPY 581/591, =i #4530 min, F{/XHPBS
Ve JE il 1 LSM900MU: 34 58 £ 2 il A it X4 i
A 53 A I 4 i Y Lip ROS7KAF-

1.2.8 RT-qPCRMZmRNAK-PF Y8 & 41400 .
K TrizoliZ: 2 HU AN i 5 RNA, RNAZ [ #65¢ 5, Al
FISYBR Green qPCR Master Mix i 7!l £ 317 SEI 2%
g B R A B EE U N (RT-gPCR). LA GAPDH P
%, K2 ML SLCT7411. GPX4F ACSL4%: A
FIMRNAFHX Rk &, 5175 LK1,

1.2.9 Western blot#an| & & & A+ 5L WA
YA, FEFLIN100 uL RIPAZLf#E, VK - 24/# 30 min;
F4°C. 12 000 xg&.0r 15 min, W& EiEW, KH
BCAZEM B EAWRIE . HAFREER TG,
FLEFE20 g, 17 12% SDS-PAGERER LK /> 5. [l
JE K B ARE SRS 22 PVDFIE, F 10% 58 i 2= 10 == 4+
12 h; B 5 —$i(SLCTA1l. GPX4. ACSL4. LC-3.
NCOA4. LAMP2. FTHIFB: LI 1:1 000, P
ZB-actinfi B LI Y 1:2 000) 4 °CIEEF I . R HH

#*1 PCR3I¥F5
Table 1 Sequences of PCR primers

B[R 4 JFH(5' 3"
Gene name Sequences (5'—3")
SLC7A11 GTC CCG GCG TAT TAC CTC TT (F)

GCA GAT GGC CAA GGATTT GAT (R)
GPX4 AAG TAC AGG GGT TGC GTG TG (F)
TAT CGG GCATGC AGATCGAC (R)

ACSL4 GCT CCT CTTATT TGC TGT (F)
CCTTTG TCC ATT TTC ATC (R)
GADPH GGC TCT CTG CTC CTC CCT GT (F)

CGT TCA CAC CGA CCT TCA CC (R)
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TBSTHEAE3 K, IIANHRPARCH —Hi(1:5 000) = i 57
H2 h; FHIRFATBSTHMEI R G, MINECLE. (i, 4
BB UG 2 58 5O 5, K F Quantity One A 73 #r
RARIEKT .
12,10 %JE%ZKEEHRNLCIBEAMRLEE HH
WL KA R, 3% LIEW, PBSIE
YE2UK, 4%% T % =[5 2 30 min; 0.1% Triton
X-100 = LS min, 5% BSAZIRE A2 ho TIA
LC-3BHifk (1:200), T-4 °CH &% . ¥ HH PBS
VRS, N FITCHRIT I —H (1:500), 550586 7
H2 h; FIRPBSIHYE)G, BT LSMO0OH L £E B
B I 4NN LC-3BER AR IE 50 A
.
12,11 %AEFKAEENEFTHIR G EIEBIK T o)
RABEFAEN  SAMBAIEEEE, 5L
TE, PBSIEVE2UK, I 50 nmol/Liz B4 5 Y4 Et
Lyso-Tracker Red, % i #OGIF F 30 min. PBSIHYE
Ja, MURHEAT 4% 22 58 W = ik [ 72 404930 min. 0.1%
Triton X-100= JiE MK 5 min; F£ 5% BSASE R} 7]
2h. Bfif5IIANFTH1HU(1:300) 4 °CHF &L R H
PBSE VLG I FITCHRIL I —$T (1:500), =i #
§5 E 2 h; FHXPBSTEBE /5 B T LSM900HO 3£ Bl
Be N M SR I id S FTH AR (A 7R B4 b i 3Rk A —
HILEAE
1.3 Zit59Hh

S0 25 B DA B AR IE 22 (k) 3RO, KA SPSS
1705 Aoy A Ak 3, 22 20 1) bR F B TR 32 5 22 4y
Mr, dLIRIP I LLBCR FH 58 . P<0.05 82 R B A4S

AR

2 H#R
2.1 Cafif$lpk & 4HARSE HHFE S MRt T

5 Control 1 AHEL , CAAbBRZH Rl 4 i 25 5 i 5
Jelob . AUPARARZE /N, H S ERE R 2R s S S i AR T
LG, RIS 20 R 77 535 PRI (P<0.01), 40 Eif
LDHB U 235 T, 4HIAET 3R B 1 n(P<0.01).
IR RR, CATT S FECE AT (B 1), T
MTTH 45 8L, 22 GraphPad Prism#X 411515 H, CdfE
FH T a4 48 hif) ICsfE 9 2.26 pmol/L. ASHFT4E
BEIEER0.5. 1.0412.0 umol/LIKCAfE N T Fik &+
Ja 5L .

IR CAs T e A BT T i 32 25 20, AR

FUR FH AN [ 40 B0 T 28 20 AR5 57 e 0 ) 3 % e 40
MFEAT AL . 45 (I 1D) SR, T304 7 VAD.
BRAC T 55 Fer-1 S A BEE I T4 1) 71 Nec- 1 T4k
HEIS) BRI W CAis 1 Ll 4H i 70 R R, HLEA
Fer-1 i 3 U R i e 3 . b T #fEWT, P10, 2
ST SR T35 5 CAdil T (1 B 41 i 1543
R, HAREIET N CdE S e g e T i 2y
X
2.2 CAENRLE AR S Fe? 7K

55 ControlZHAHEL, Cd(0.5. 1.0F12.0 pmol/L)4bFH
ZH A 40 I FeRhoNox- 1 2145 Y5 (B Fe? /KT
SETE, HIME H Control 41111 49.13+3.764) 1 TH &
57.1243.22(L-Cd, 0.5 umol/L). 72.00+3.73(M-Cd,
1.0 umol/L)F186.02+4.25(H-Cd, 2.0 umol/L), W.I&2.
2.3 CA{REtRE MR RE R S U ~4%

5 Control4d AL, Cd(0.5. 1.0£12.0 umol/L)4bFH
Y RCE A C11-BODIPY 581/59 #8441 (2.5
TRIERBAREIRGS, SRR N G 0R , $ER 2
{4 Lip ROS/K-F- 57| MOt T =, H&AbBEZH A0
JfiH Lip ROSZK-F-43 54 Control ZH 1) 1.40f% . 1.91£%
F13.774% (P<0.01); [A]I, CAAbHE 4L i 41 L 1) MDA
R LT R, T GSH S 3 FER(P<0.01), WLEI3.
24 CaxmEMEPERIETHEREFERFME
SESvN:EA

RT-qPCR A Western blot&h 3 (K 4) 27, 541
Jio % B ZHAR B, Cd(1.0F02.0 wmol/L)Ab B 245 fil & 4H
Ji Rk FE T A7 SLCTA 11T FI GPX4H) mRNA K- %
HR A RIA KT #4422 P (P<0.01), 11 ACSL4Y)
mRNAZKF I8 [ 1A 7K T B B39, 4.
2.5 SR THFHEIFIFer-1] ZECAIFESHIRK B 4
FaskFE T

5 H-Cd4H (2.0 pmol/L)M Lk, Fer-1-F Fl4l i
Y1 L N Ui B Fe 7KF & Lip ROSI/K F- 3 & 2 PR AR
(P<0.01); BAET: R4 B 4 SLCTALFI GPX4/ R IE
KT8 _E I (P<0.01), 4R /17845 3 B KR
(P<0.01); W5,
2.6 CAIRHRE AR L% K Bk

5 Control 441, Cd(0.5. 1.0412.0 pmol/L)
H R AR E W AR B LC-311R LC-31 1 B 4 3L
R ERTE, LC-31/LC-31MH 2 & _F T ; [FIRf
Bk g B B I NCOAG I Rk /K 52 i, 1M
LAMP2H FTH1 2215 7K1 W BH & FZ 4K (P<0.01).



PEPAE: RIE B WO T U A Bk A T

1051

(A

Control

Cd2.0 pml/L

B) 120

—_

D 0 D

oS O O
I

S
S

Cell viability /%

33
(=]

(=)
.

0 02 05 1 2 5

Cd /pmol-L!

D) 140 -
120 4
100 A
80 1
60
40 1
20 1
0

Cell viability /%

A: STBESWLEE; B: 4IRS oA l; C: 4 PER I, D

Cd 0.5 pmol/L

Cd 5.0 pumol/L

(C

Cd 1.0 pmol/L

~

100
80 4
60 -
40 1

Cell death /%

20 1

0 02

0.5 1 2 5
Cd /pmol-L™!

10
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A: cell morphology observation; B: cell viability assays; C: cytotoxicity assay; D: cell viability assays. X¥+s, n=5; **P<0.01 compared with the Control

group; “P<0.01 compared with the Cd 2.0 pmol/L-treated group.

Bl CaFlnk & MARIE N E S HEMEIE T
Fig.1 Cd inhibited osteoblasts viability and induced cell death

WE A, CAh B 2H 40 M 1 1 TG R 5 Sl 5k B (R s Aok 1 e
TR OR8G5, 40N LC-3B&E [ 2 .
RURREE AT, HIEFEAR PN FTHLE A 1 R ERE IR
ﬂ%ﬂm ILE 6.
2.7 BRERYIIEIFIBafA1 X CAiE SHI AL B LRRREL
TRk BIEAY R N
5H-Cd4 (2.0 pmol/L)fHLE, BafA 1+ FildH sl
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analysis of free Fe?" levels. Xts, n=3; **P<0.01 compared with the Control group.
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Fig.2 Effect of Cd on the intracellular level of free Fe*" in osteoblasts
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A: representative confocal microscopy images of intracellular Lip ROS levels; B: flow cytometric analysis of Lip ROS levels; C: quantitative analysis
of Lip ROS levels; D: MDA content; E: GSH content. X£s, n=3; **P<0.01 compared with the Control group.
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Fig.3 Effect of Cd on lipid peroxide production in osteoblasts
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ACSL4; C: relative protein expression of SLC7A11, GPX4 and ACSLA4. x+s, n=3; **P<0.01 compared with the Control group.
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Fig.4 Effect of Cd on expression levels of ferroptosis-related genes and proteins in osteoblasts
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Fig.5 Effect of the ferroptosis inhibitor Fer-1 on ferroptotic death induced by Cd in osteoblasts
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Fig.6 Effect of Cd on ferritinophagy-associated factors in osteoblasts
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Fig.7 Effect of BafAl on Cd-induced ferritinophagy and ferroptosis in osteoblasts
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