2024 F3RAFEATEELH B B R E #H K ¥ F R
Mar.2024  Vol.47 No.2 Journal of Shaanxi University of Chinese Medicine « 17

BRELER

SIH R, 2, T, S 2 E S SLCTAL JIE-H R84SR T-HLH A3 [ J ] . Bevh b B2 25 K222 4, 2024, 47
(2):17-21.

EEHEZSLCIAL AESHE
MAEERTE T HLF 4R

5 =W FEE RXRE BERE KFE BEFE'T
(1.3 Bk K3 B 53034 Bk 445000;2. 87 P EZ K3, % &% 210029)

H E.qw PRt £ % (curcumin, Cur) 2 SLCTALL BHRT B W% U-2 0S e sk e —# %ok, &
CCK-8 &4l 0.5.10,20.40.80 pwmol - L™' 44 Cur 3 U-2 0S #m e 44 ¢4 % vy | B B 28] B B 448 T A8 m e
AFW T, EoR,HIRSMZER U2 0S ta A AL A Con 41 (0 wmol - L") Fer-1 28 (4 pmol - L") Cur 2
(40 wmol » L") .Cur+Fer-1 28(40 pwmol - L™'+4 pwmol - L") Al Western blot #:4#®| SLCTAIl 89 &k, # 8 Cur
FEHEH10~80 pmol - L7 BF 39 3¢ U-2 0S 4 fes 2 Fbedph), 3t —F AR AW, Cur 7T VA R F - U-2 0S 28 fesk st
=, Fif SLCTALL #9&5k, ## Cur T A5 U-2 0S itk st o, AU 7T 462 i@ i T8 SLCTALL M4k,

KR A XL, ERBARTART AR ;B AB; 4T

hE4S %S .B21,R221 XEkERIRED : A X B RS .2096-1340(2024) 02-0017-05

DOI;:10.13424/j.cnki. jsctem.2024.02.004

Preliminary Study on the Mechanism of Curcumin Regulating
Iron Death in Osteosarcoma Cells through SLC7A11
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Abstract: Objective To investigate the effect of curcumin (Cur) on ferroptosis in osteosarcoma U-2 OS cells based
on SLC7A11.Methods The CCK-8 method was used to detect the effect of Cur at 0,5,10,20,40,and 80 wmol + L™ on
the inhibition of U2-0OS cells,and the morphological changes of cells were observed under an inverted microscope.Secondly,
U-2 0S cells cultured in vitro were randomly divided into Con group (0 mmol - L™") Fer-1 group (4 mmol - L") Cur
group (40 pmol + L") and Cur+Fer-1 group (40 wmol + L™'+4 pmol - L"), and the expression of SLC7TA1l was
detected using Western blot. Results Cur significantly inhibited U-2 OS cells at concentrations of 10-80 wmol + L™" . Further
research has shown that Cur can significantly induce ferroptosis in U-2 OS cells and downregulate the expression of
SLC7A11.Conclusion Cur can induce ferroptosis in U-2 OS cells,and its mechanism may be achieved by downregulating
SLC7A11 to achieve ferroptosis.

Key words: Curcumin;7 members of the solute carrier family 11 ;Osteosarcoma ; Ferroptosis

¥ AR (osteosarcoma , 0S) FCH R FICINY  JPIFARIGTY, iz VIBR AR B A7 i A o 1k
TR = H WL R MR R, 2R AL R TR T R b o (E R R R A AT T 2

* BEMA.BREAR¥E4TH (81260192)
s BWAEE IR A4, 2%, E-mail; 1997029@ hbmzu.edu.cn



B B o E B K ¥ ¥ R

- 18 - Journal of Shaanxi University of Chinese Medicine

204 FE3RAFE AT EE2H
Mar.2024 Vol.47 No.2

FIASGEURR ) FLAE SRy — P s 3 S5 Joi P 11 0k
B IR LA o B R R ) RS AR
Horr, 08 & — PR 5 7 8] 58 5t 20 21 ( 95 I Ak o
B, AT AR R S ORI S BRI R
P IR 9 11 20% ¢, B WL T 10~30 2 1Y
N, 08 S i WA IE SR 2 « I i (R 32 iy 1
JRE B AT S ) U B (BB o ) Y AR DR
FAR B IALST SPERIT IR, 5 AR R,
FHE RSRARYT 2, BRI LA B G ey vk
A B B A5 (R A 7 A e, DAL, SRR
A AR AR Y B R O vE K 5 e JE
B, UTAER, A B P 25 SR D R ARk & W A
BRIET 7 T B AT W Y BT b 6 e, 2 8 kA
FERY AN

JIer g 240 P PR T R A A L T R 4
A B R I i oK X (A T e A0 TR R AR A K A
I, BEIE A0 A 2R AT T AR 2 R
B i 23U N A 5 SR AR O A RS T
S, U 2o I ful 200 10 i AR R A T, AT 24 T PR
W VR A i i i 6 40 i & A= g Jo ek 4 Ak 10
fES AR FH AR —2 W EIER, SRR
SWVE NS T I A0 MR AE T AR T 25 B A )
KR ME, 2 ZE (curcumin, Cur) FEMN £
PRI P 0 22 BT 3ROR A5 T B AR 25 b S U
BT Cur AT LA 22 ol i 96 A0 B A A= A B A
TATG)T BERIAE /N 0 O Y A R R 2 B B
YAy B 0 4 ot 8RS8 T I ST ek R F 5 I 2
ZEFIRE 3 Rk wipi 25 . ¥ Cur HIT
PR AR AT T M F 5 K B LT DA 2L O
PR HCIR B AR e AR BT IR R R
B Cur X U-2 OS 4N BRSET- RIS, [H ik, A B
FOWMEE Cur X U-2 0S 4HHEERIET-HIFE AT, OF LAVE
FREARFK I 7 W51 11 (solute carrier family 7 mem-
ber 11,SLCTA1L) A YIA s 01 BRZE AR B
ol PRI B PR R 4 BT ) S S H

1 XBE5KH
1.1 E KREEES (TN S An]) s H

UK A A ( Bio-Rad ) 5 42 i 4K i #5 {X ( Thermo
Fisher) ; 532 1L(60 mm NEST 23] ;100 mm LABS-
ELECT A H]) ;#8754 ( FLAF W22 F] ) ; CKX41-C31B
15 B 2 B (BRI FRA FD) &5

1.2 XA AE R U-2 0S( H %5 SC-
SP-5030) M4 [ H [ k27 g 20 i 722 2k 58 T 100 il 551

(ferrostatin-1,Fer-1; 4l ¥ 99.96% ; #tt'5- HY-100579)
W 3% E MCE AWl 28R (4. 98. 1%; it
110823-202107) Mg [ w1 [ £ &b 2 5 K o BiF 5% B ;
U-2 OS 4ififd & 35 3 (55 CM-0236) 11 H 2
TARFEA AR PR A R 16 R4 ROS H i i3] &
(BTG 55 C1300-1) M B b 5035 F 3 5 R
FA PR w5 0 J5H 45 e H K (GSH) W 2 37 &%
245 WLA105a) 14 [ 8 FH 7 58 HE A BRZA F] ; CCK-
8 X & (185 RM02823)  SLCTALL Btk (2 5
A2413) B-actin PR (H5 AC026) 4 H BT Z A4
AR A BRA F RIPA 24# % Bradford 2 H
e FEI 7 357 £ (525 PO013B , PO006C ) Il [ | if
HBAREWHEAGRAH,
2 FHik
21 U-20S @fassc BURAEN U-2 0S dfiEmt ik
1E 37 °C 44 F,1000 r + min™' B> 5 min J5 WL
VETHOL, KRS F235 R 1E U-2 0S diiffl % %57
b BT 37 °C 5% CO, MR M F- 46 b, R 240
AR 80% Rl G I HEA T AL AR, FH TR S5 5
22 CCK-8 % ihit £ FAGRAE LAY 5000 1~/ 1L
2% BERERNTE 96 FLARAGARIEFE 24 b IMAZGREE O
5.10.20.40.80 pmol - L' ZH F AL H 24 h, fifi
CCK-8 237 I3 A 3 ) il o A5 AL S, I
1 h JEd FHEFFRL 450 nm ALK 4L OGRE 115
AR, LABASE Cur SRR R
23 E#EEF U208 mebseda ity
SIEEFRTF 6 fLER, BT 37 € 5% CO, 4iifaEs 3%
R FE 24 b ARG RE TS BERLSN 6 4, 45
AZEHZE 0.5.10,20.40 .80 wmol - L' Ab3 24 h
Jei TR E A T R A M TE A4S 1 AR 4k, IR R
RGBS,
2.4 Western blot (x4 & &G k& L4 R
ConZH Fer-14 (4wmol - L") Cur £ (40 wmol - L") |
Cur+Fer-1 21 (40 pmol - L™ +4 wmol - L") ¥ 411 it 422 A
T 60 mm BEFEMLT R4 2 80% , T Cur AbFH
24 b, WAEANRE, InA ARG v, IR AT, 99 T
W 5 min, 51T SDS-PAGE BERC HLIK , 7 #5 2 PVDF
6 5% i Bg 4= W3 A1 1 h, TBST 5163 0% 1 1
B, TBST V& ¥k 3 i, 2ok 1T L, 2k 5 15 H
Oddsey 2T 9Nk 240 55, F Tmage J 4400 4 2577
IR BEAH
2.5 BRAASBA(GSH) M T SEESr2H KAk
7] < 2.47 A R AL 23 Bk H K (GSH) il



2024 E3AF 4T EFE2H
Mar.2024 Vol.47 No.2

Bk B o E
Journal of Shaanxi University of Chinese Medicine - 19 -

X %2 2 ®

EIRF G E ALY GSH & i, S50 A5 3R P 4R 4%
ST R

2.6 EHA(ROS)ME SIS K AL BT X [R]
2.4, FALINARG B9 100 wmol - L' 9 DCFH-
DA #REHAW . 37 °C 244 T 6% F 30 min, PBS
VB2 W, BT EIE SO B T HIE, A Image J 3K
RN S RIE

27 %t FHE AL ves Fox,RH
GraphPad Prism 9.0 S HEATHE T 220007, Wi 4H 1]
AR FHBC T ¢ K, 22 410 e R S 25 5 2%
Z3HT (one-way ANOVA) |, P<0.05 FnEFH ST
RN P<0.01 RS EABEEGITHFE L,
3 £#R

31 £HZRAREE U208 @ieEhe e
KA [A) B 9 B Y Cur AR 3 U-2 OS 4 il 24 h
J&i , CCK-8 Kl 25 5 20, 5 X B4 LA, Cur 7T LA

FEAR U-2 OS 40 %, S oet: . WK 1,

151

Cell viability (%)

T a0 W
cur (mmol * L")
7 :5 Con 28(0 wmol + L™) A8k * P<0.05, ** P<0.01
A1 RREREZEXZ(Car) st U2 08
0 E P He (xs ,n=3)

32 EFFEARBT U208 @i EFHHw

B8 W T AR U-2 0S 4 IE &2z fk, 5
Con ZHAHEY , Cur ZH 41 BT 285 Bt v 38 138 oo 897 78 (5
i SE BT 2SI AR BRI O LIET 2,

(E)

(F)
7:A.Con #8;B.5 pmol + L' %% %41;C.10 pmol - L™ £ %48;D.20 pmol + L' £% F41;E.40 wmol - L' £3%
%‘éﬂ;F.SO pmol - L'E£%4%4

B2 4EBHMELT M A 509 5K (400%)

33 Fer-1i#4£35 %569 U-2 0S 4902 SLCTA1L
EafEART 5 Con 4(0 pmol - L") ML, Cur
ZH (40 wmol « L™') By SLCTAL1 & 13435 B 3 4%
(P<0.01) ;1M 4 254 214 FH A 4 7). Fer-1 15

Cur (pmol « L™ — - + +
Fer-1 (umol + L") ~— + + -

J& ,SLCTALl R R B T (P<0.05) , 454
W] Cur AT HEIA T SLCTAT1 PHEU-2 0S 4 ik 3t
TRk A, LE 3,

15r

s]

Relative expression of

—_

(=]
T
I

* %k

SLC7A11
o
W

T

0 Fer-1 Fer-1+ Cur
Cur

.15 Con Z1(0 pmol + L) 48K ** P<0.01, 5 Cur ZL(40 pmol - L) *P<0.05
B3 %3 % (Cur) A ferrostatin-1( Fer-1) & U-2 0S 282, SLCTALL & & & A 69 %A (x+s,n=3)



B B o E B K ¥ ¥ R

- 20 - Journal of Shaanxi University of Chinese Medicine

204 FE3RAFE AT EE2H
Mar.2024 Vol.47 No.2

3.4 Fer-1 #3235 %549 U-2 0S @9 fie ROS /K
P4+ % GSH K-FH4&  ROS 19 FF i A1 GSH HI#E
AR RS T AR IE, W 4 K/ 5 R, 5
Con ZH b4, Cur ZHANAEH ROS (2 608 3 B i 348
58 (P<0.01) \GSH ZKFFEAL (P<0.01) 5 25 T840

HIF Fer-1 J5 , BEMH Cur BIFA ROS KFETHE
(P<0.01), 5% F¥4 GSH /K- (P<0.05), %W
Cur fEREIES U-2 OS 40 & A i i Sk #1407,
1] Fer-1 A] LA X — B4

S e (o)}
T 1

Fluorescence intensity of ROS

(=]

J|_|i

Fer-1 Fer-1+ Cur
Cur

7E:A.Con 28;B.Fer-1 #8.(4 pumol + L™") ;C.Cur+Fer-1 £8.(40 pumol + L™'+4 wmol + L™ ) ;D.Cur £8.(40 pmol - L") ; 5
con Z8(0 wmol - L") A8 ** P<0.01, 5 Cur 2848% P<0.01

B 4 %35 % (Cur) # ferrostatin-1( Fer-1) 2 U-2 OS Za #2 ROS & ik #9 %

Relative value of GSH
_{

1 1 1 J
0.0 0 Fer-1 Fer-1+ Cur

Cur

7 :5 Con 21(0 pmol « L") A8 " P<0.01, 5 Cur

2848 6" P<0.05

B 5 %% % (Cur)#e ferrostatin-1( Fer-1) #F U-2 0S

m b GSH A ik 09 %0
4 itig
HEE7 BTC OS 3X—Jk 44, (ER AR 4 HOAE PR A

IRAE R AR, AR A B9 X — g, OS i
PRAEAR 3 2 AP | o i A W7 15 K 19 i B oy 22
ULo s B ML B AR R AR S B I O 3 JET Il
W TR HbR . 22 B O 22 R AR Y i 4R IR
ELAT T AR (0 25 B Rl iE Ak Rs AT
XS 0S QEHH@E’WEEﬁTﬁ{HE S ¥]4
TRy AR BRI T I BT, e
PSR R 5 & 2 AN AR T R W5 i ( PUFA-PL)
()65 W St A AR A Lok A DG i
Bt 2245 il BE 5 GPX4-GSH FSP1-CoQH2 ,DHODH-
CoQH2 . GCH1-BH4 4 3¢, 54 #F 2R AE T ) 21 I I

2 vt (100m )

P 25 R R AL T B A AR G SR Ak ) A B BB T I
Yt S 1 B o i AT W v B AR R A BB e
A R 4 R A gk st T

ot 2 R - S R I 1] e 32 AR ( System-Xc ) J2& H
WS R TR 1 SLCTALL M2 15 3 35 7R 11 SLC3A2
ZH R B S BT AR A AR R RTR E ZUR A JH ~F JbE
AR, 256 W GSH, B VF 28I T R W VEH
B A5, 2 System-Xc SR OGS W 04 1% Mk M B ie 32
FFZ A, 20 B PN TG R AR B R AR O A, &
WAL TS W & A, BESE R B, SLCTALL FE i
RN o AR I R /) AN
IR0 LR RR O A O R AT e PN R s, HL
Z5IE A BA G, 45 H AT DL il i g 00 % v
K, SLCTANL 76 i 240 i v v 283k, DA B 7
THFERY GSH R X 8 A6 WL, TR 4% SLCTA11 /] LA
e ek 248 L 1 [ 0 3R 9 O O, AT A el R AR T 1
R MG T BE S IR IR T U R
ARWFFE M, TH SLCTAL1 ik al 105 OS 41
RSN A K S 165, SLCTALT THRE 2 8 2 3E W fig
eI IMAn A ROS ZKF-, BEAIX GSH 7K, 2L 0S
YHMIERAET

ZE ERTIR, Cur T DL A0 U-2 OS 40 Ay
HagE  HAL AT e 2l T I SLCTALL 1YRiIA, I



204 F3RAFEATEFE2H
Mar.2024 Vol.47 No.2

Be B B E

LT N 1

Journal of Shaanxi University of Chinese Medicine

e 21 »

B GSH B9 A= 1, f2 i2F ROS fU3 2, X — I 4 n]
DI AR AN AR Fer-1 ¥i%%  $27R Cur A GBS — M AT
AT U-2 08 M ERAE T R R &), A B
G DRI . AN SCATSE O SLCTALL X U-2 08
MBI TR SE M SR (it T — i Y 9250 S (H 2
A SR SLCTALL 852 A2 b B I 42,
Ui Nef2 (P53 A5 JE SERT TRl A S SR 2
KrlE Cur JAEEERIETVRIT OS BYLG RS AL LA
A 7 S H B WL A I 2 BT 25 27 U
S 3HK
[ 1] Funovics PT. Primary malignant bone tumors [ J |. Ortho-
padie (Heidelb) ,2023,52(6) :509-522.
[2]Keil L.Bone Tumors: Primary Bone Cancers[J].FP Es-
sent,2020,493.22-26.
[3]Liu D,Peng Y, Li X, et al. Comprehensive landscape of
TGEB-related signature in osteosarcoma for predicting
prognosis, immune characteristics, and therapeutic re-
sponse[ J |.J Bone Oncol ,2023,40.100484.
[4]Zhao X, Wu QR,Gong XQ, et al.Osteosarcoma: a review of
current and future therapeutic approaches[ J |.Biomed Eng
Online,2021,20( 1) :24.
[ 5] Meltzer PS, Helman LJ.New Horizons in the Treatment of
Osteosarcoma[ J ].N Engl J Med, 2021, 385 (22) : 2066-
2076.
[6]Chen CL,Xie Lu,Ren TT,et al.Immunotherapy for osteo-
sarcoma; Fundamental mechanism, rationale, and recent
breakthroughs| J ] .Cancer Lett,2021,500;1-10.
[7] 4k 3E A& £ & 04 EF24 i@ i HMOX-1 A58 A
MR T AR A [D]. ) M. & F EA XS,
2020.
[ 8]Soula M, Weber RA,Zilka O, et al.Metabolic determinants
of cancer cell sensitivity to canonical ferroptosis inducers
[ J].Nat Chem Biol ,2020,16(12) ;1351-1360.
[9] Guo JP,Xu BF,Han Qi, et al. Ferroptosis; A novel anti-
tumor action for cisplatin[ J].Cancer Res Treat,2018,50
(2) :445-460.
[0]BRZBEER S PREARERBHE(—F )[S].
2020 #R. 3L P B B 25 AR H AR 20202,

[11] 5 245 £ F LM & RN B FEWAL[D].
J MR Tk k#2011

[12]Cao XL, Li Y, Wang YB, et al.Curcumin suppresses tu-
morigenesis by ferroptosis in breast cancer [ ] ]. PLoS
One,2022,17(1) :e0261370.

[13]Chen HJ,Li ZF,Xu JC,et al.Curcumin induces ferropto-

sis in follicular thyroid cancer by upregulating ho-1 ex-

pression[ J ].Oxid Med Cell Longev,2023:6896790.

[14] Tang X, Ding H, Liang ML, et al. Curcumin induces fer-
roptosis in non-small-cell lung cancer via activating auto-
phagy[ J].Thorac Cancer,2021,12(8) :1219-1230.

[15] 3%, 3055 R T HRR P L E L FAAE
HEREFRAALHFOGEMNE[I] PEAERS
%7 %,2010,30(8) :714-716.

[ 16] Huang ZH, Jin GY.Licochalcone B induced apoptosis and
autophagy in osteosarcoma tumor cells via the inactivation
of PI3K/AKT/mTOR pathway [ J ]. Biol Pharm Bull,
2022,45(6) :730-737.

[17]Zheng YD,He Z,Su ZC,et al.Bufalin induces apoptosis
and autophagy via the Ca*/CaMKKB/AMPK/Beclinl
signaling pathway in osteosarcoma cells[ J].Cell Biology
international ,2023,47(8) :1344-1353.

[18] Wen RJ,Dong X,Zhuang HW ,et al.Baicalin induces fer-
roptosis in osteosarcomas through a novel Nrf2/xCT/
GPX4 regulatory axis [ J ]. Phytomedicine, 2023, 116
154881.

[19]Luo ZP,Li DW,Luo XB, et al.Curcumin may serve an an-
ticancer role in human osteosarcoma cell line U-2 OS by
targeting ITPR1[ J].Oncol Lett,2018,15(4) :5593-5601.

[20] Wang XB, Chen YQ, Wang XD, et al.Stem cell factor
SOX2 confers ferroptosis resistance in lung cancer via up-
regulation of SLC7A11[J]. Cancer Res,2021,81(20) :
5217-5229.

[21] Zhang W], Sun Y, Bai L, et al. RBMSI regulates lung
cancer ferroptosis through translational control of
SLC7A11[J].J Clin Invest,2021,131(22) :e152067.

[22]Chen QP,Zheng W,Guan J,et al.SOCS2-enhanced ubiq-
uitination of SLC7A11 promotes ferroptosis and radiosen-
sitization in hepatocellular carcinoma[ J].Cell Death Dif-
fer,2023,30(1) :137-151.

[23]Hong T,Lei G, Chen X,et al. PARP inhibition promotes
ferroptosis via repressing SLC7A11 and synergizes with
ferroptosis inducers in BRCA-proficient ovarian cancer
[ J].Redox Biol,2021:101928.

[24]Shen LL,Zhang JF,Zheng ZT,et al. PHGDH inhibits fer-
roptosis and promotes malignant progression by upregulat-
ing SLC7A11 in bladder cancer[ J].Int J Biol Sci, 2022,
18(14) :5459-5474.

[25] Cheng X, Wang YD, Liu LC, et al. SLC7A11, a potential
therapeutic target through induced ferroptosis in colon ad-
enocarcinoma[ J | .Front Mol Biosci,2022 :889688.

[26]Yang JJ,Zhou YL, Xie SD, et al. Metformin induces Fer-
roptosis by inhibiting UFMylation of SLC7A11 in breast
cancer[ J].J Exp Clin Cancer Res,2021,40(1) :206.

(1521 B #1:2023-09-26  4RiE: 455 3)



