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Influence of brusatol on ferroptosis in cutaneous squamous cell carcinoma

cells by regulating Nrf2/SLC7A11/GPX4 signaling pathway
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2. Department of Plastic Surgery , Xingiao Hospital ,Army Medical University)
[ Abstract] Objective : To investigate the influence of brusatol on ferroptosis in cutaneous squamous cell carcinoma (¢SCC) by regulat-
ing nuclear factor erythroid—-2 related factor 2 (Nrf2)/solute carrier family 7 member 11(SLC7A11)/glutathione peroxidase 4 (GPX4)
signaling pathway. Methods : The proliferation rate of human ¢SCC cell line A431 cells after treatment with 0, 100, 250, 500, 700,
900 nmol/L of brusatol was detected by CCK-8 method , and the appropriate concentration of brusatol was screened out. The A431 cells
cultured in witro were randomly separated into control group, low—dose brusatol group, high—dose brusatol group, tert—
butylhydroquinone (TBHQ ; Ntf2 activator) group, and high—dose brusatol+TBHQ group. After treatment with brusatol and TBHQ, re-
spectively, the proliferation and apoptosis of A431 cells in each group were detected by CCK-8 method and Hoechst 33342 staining
method ; Kits were applied to detect the levels of antioxidant factors [ glutathione (GSH) , catalase (CAT) , and superoxide dismutase

(SOD) ] and ferroptosis indicators [ iron content, reactive oxygen species (ROS) and malondialdehyde (MDA) ] in A431 cells in each

group ; the expressions of proliferation , apoptosis and Nrf2/SLC7A11/
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(2023-04-28) PCNA, Bel-2, Nrf2, SLC7A11, and GPX4 protein expressions in

GPX4 signaling pathway-related proteins of A431 cells in each
group were detected by Western blot. Results: Compared with the
control group, the cell proliferation rate, GSH, CAT, SOD levels,
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the low and high dose brusatol groups were all decreased (P<0.05) , and the apoptosis rate, iron content, ROS and MDA levels, and

Bax protein expression were all increased (P<0.05) ; the cell proliferation rate , GSH, CAT,SOD levels, proliferating cell nuclear antigen

(PCNA), Bel-2,Nif2,SLC7A11, and GPX4 protein expressions in the high—dose brusatol group were further decreased than the low—

dose brusatol group (P<0.05) , and the apoptosis rate, iron content, ROS and MDA levels, and Bax protein expression were further in-
creased (P<0.05) ; the cell proliferation rate, GSH, CAT,SOD levels, PCNA, Bel-2, Nif2,SLC7A11,and GPX4 protein expressions in
TBHQ group were increased (P<0.05) , and the apoptosis rate,iron content, ROS and MDA levels, and Bax protein expression were de-
creased (P<0.05). Compared with the high—dose brusatol group, the cell proliferation rate , GSH, CAT, SOD levels, PCNA , Bel-2,
Nrf2, SLC7A11, and GPX4 protein expressions in the high—dose brusatol alcohol+TBHQ group were increased (P<0.05) , and the

apoptosis rate, iron content, ROS and MDA levels, and Bax protein expression were decreased (P<0.05). Conclusion : Brusatol pro-

motes ferroptosis, induces apoptosis of ¢SCC cells, and inhibits its proliferation by down-regulating Nrf2/SLC7A11/GPX4 signaling

pathway.

[Key words]brusatol ; nuclear factor erythroid—2 related factor 2/solute carrier family 7 member 11/glutathione peroxidase 4; cutane-

ous squamous cell carcinoma;ferroptosis

Rz R 210 M9 9 ( cutaneous squamous cell carci-
noma, ¢SCC) 2 IR T B2 AR 2 B aiCHLFf 8 i 1 A —
it SRR 1 BB R L 2 T AR NHE
Sk BEHURIE 95 55 5 5 B Ho B A, D8
AN BRI , o Z2BORAS VB 280 A B
AR, HA e AU B BAE A g 4 L
A 36 S PR 20 O T A AR RSB T LA
Jig et S A ANk R AR R AR A AR U T AR L AE T
R, S BRIE T RIAL S W AT A D iR BT BR T
23, BN G 4 4R (reactive oxygen species, ROS) |
JI I3 et S A K P AR AR 2R 0] 35 5 eSCC 4 i Bk At
T, T A ot B, BEL by 96 /0 B e A Y
¥ A F E2 #1 2% A F 2 (nuclear factor erythroid—2 re-
lated factor 2, Nrf2) & B2k AR % 7 1% 51 11 (solute
carrier family 7 member 11,SLC7A11 ) A e H R
ALY 4 ( glutathione peroxidase 4, GPX4) 24kt
T GV R 7, I =3 1 Rk m fid kg o ik
SEALANVERIE T, TEAR P S 152 J5 R 40 J e 240 L )
BERATEPES. Z340, 1 SLCTAT1 R GPX4 KA1 il
b PO A R ATER S T S A/ N0 i il g R T, O
il JHC 40 5 B AT i R AR KT BIF Y B R, Nif2 A
SLCTA LT e £ A8 e v ik B2 30, 15 R AR 1< itk
ELEE RS O B S A A A i A O
o T Nef2 7] 38 3o 80 i oo 4801k AN gk FE T i
W& AR BB 6 9T B9 28RS, DRI T 98 Nef2/SLCT7A 11/
GPX4 3 f#% ] g & 7% S BRIE T2 A TT eSCC B AT
RCT-BLo BT o 2 4R A A 2R S i —
oo AR N R 2R AL 5 W0, A S — ol N2 4100 790 76 470 b
IR YT T B N TV g, T 3E i BEL T STAT3 (5 55155
Sk SRR A0 5 A0 T, 3 R Sl i s

AU Nef2 A5 5 380 , R IG5, sl 0,
FIAEF- 35 5 0] BE FHFIR YT ¢SCC, AR SC LA R 1) & 45
735 B AL BN SCC 40l 2R A431, TR A9 IH 155
JE 38 5 Nrf2/SLCTA11/GPX4 15 518 % Xt ¢SCC 2kt
TS

1 #MRE5FE

1.1 XA 53

N B 65 95 AN M BR A431 (9245 GOY-0498X) 1y A 11
P A FRA A 5 45 T FE5F 28— (tert—butylhydroquinone,
TBHQ; 21 ¥ 99.76% , 125 HY-100489) It [ 2 [&] MCE /A & ;
P H T (4l . HPLC=98% , 575 TB0520) . Hoechst 33342
e (1 % (1 mg/mL, £8 5 C0031) . ROS 4 I 2t 7 £ (1% =
CA1410) .DMEM X5 373 (5 XWHL, 555 31600) | £k 46 )
A& (185 BC4355) 1l A b R RHE A R ) 5 41
A % (malondialdehyde , MDA) il 22 3% 5 & (555 A003—4-
1) .CCK-8 A% J Rt & (5555 Go21-1-1) AL
15 4k i ( superoxide dismutase, SOD )5 355 £ (65 A001-
3-1) S BEH K (glutathione , GSH) 1 5 13 5 £1 (155 A006—
2-1) JFE AL & (catalase , CAT) Il E 17 & (555 A007-1-
1) A 5t g A 4 TR 98 A BR A W) 5 S JRAT A Anti-
Nrf2 —3i (585 ab137550) S iHT A Anti-B-tubulin —3 (57
5 ab6046) AL A Anti-SLCTA11 —$i (575 ab175186) .
HRP B LB =50 (525 ab6721) AU Anti— 385 40
# 3t J5L (proliferating cell nuclear antigen, PCNA) -3 (4% 5
ab92552) IS A Anti-GPX4 —41 (525 ab125066) 14 [ 25
Abcam /A R4,

fitr A (#1455 SHE-3000) 4 [ b 5 8 /K- 4 10 FBH A PR
T RVE DO BB (S BSF-60) I [ Bl LI A
FRLA W] 5 5256 % R kSR R (B4 DY Y-12C) (P4 IR AR L
VKA (45 DYCZ-25E) | DU AR % B LUK AX (3445 DY CZ-40S)
W E AL S — A R A B A H 45



BERERKFZR 2023 £55 48 E5 4 #3 (Journal of Chongging Medical University 2023.Vol.48 No.4 )

— 371 —

12 F#*

1.2.1 3l 3T CCK-8 5% %0 Ui 4k 5 38 1 45 I8 7 7 B 1 vk
B A3 IIE T 40 CAM PRI B I8, B0
BRI 10% G4 1035 B9 DMEM 35 9% 5255 9% 25 24 80% 4 Jifd
AE, LAZA 1 x 1O ALY % BE 3 RN A 96 FLAR G AUEE 3% 12 h,
HA L4 % 0.100,250,500., 700,900 nmol/L # JIH 57 f5 &b
B 24 WM LS H T R AR BT I (O nmol/L) FE X & i
CCK-8 4 i 7 4 0 3 700 65 0 2 45 FLIROG B8 T H 3R 45 Wk
AbFEZR AT 3 B R A SR < AN R B AR =2 A A AT
BEOG BRE OB E x 100% .

122 Ui A b Bs I EEbRAS (B8 A431 diil)E , A2y
2 x 10°4N/FL A 2% B e Bl fe 24 FLA P 8% 3% 12 b, BEAL 2 R Xt
FEZH S A 5 P A0 750 e 2 L 9 A 7 i v 770 4 4 TBHQ
ZH P9 JIH - I v A TBHQ 26, % B8 20 40 i AS DLAT A7 24
P b T RS 013 AR R ek 4 R R R ) k2 A
43511 2k 500,700 nmol/L A4 5 AH 75 B b B TBHQ ZH 20 ) L)
40 pwmol/L () TBHQ &b 311 45 JIH 2 it 5 551 5 + TBHQ 28 LA
700 nmol/L {475 JIH F- 5821 40 pumol/L B TBHQ I 4 A0 BH, 4%
AN AT Ab 7 24 b f5 ISR AN ARTTIE bR AR 45 FH o

1.2.3 K25 20 20 MO39 58 5 08 T A0 ARG ZE A < AL AR
A431AUARIS , LAY IX10* A/ LAY 5 FEHE R0 7E 96 FLAR H 15 57
12 h, 4% 18 1.2.2 PGB ILHEAT 3 4 Ab 35 24 h, DL CCK-8 ¥
o 00 4% 2H A 3 e, LA YA S IR 1200 R AR e T
B4R A431 4IRS , LAY 2 x 10°4S/FL 1Y 35 B B Rh 7 24 FL AR P
g% 12 h $2 J81.2.2 W5 B HE A 74 A1 AR P 24 h, PEV | [
SE J5 A Hoechst 33342 Y B &, Bk VR4 J5 1 11 451
DG BB LA AN IR S I HA IR, LA Image J #0403 B g
PR 0 B ESOR S A R, T A A R TR M R T R
=R T2 M AR S A RN X 100% .

1.2.4 Kl 2% 41 20 B e SR AR I GSH.CAT . SOD 7K Sk
PET AR S B ROS /K- MDA K BU1.2.2 FPltE 4%
HANNE, 2 BT RIPA 24030, 2400 J5 B O $2 OB R (1, 2R
FH BCA 3500 s = B8 I A5 4l B 0.3 mIL (4% 4 90 45 26 (B
ERTBRATA =80 C) , LA S B A I £ L GSH M 2 3K 70 &
CAT I 37 £ . SOD 7% PEAS A £ \ROS K355 £ .41
JHI MDA 0 550 6 43 )00 s e rp gk & 4 & GSHL.CAT..SOD
SOD MDA K-, HAARA B8 B4 1R S vl A Bk 7o
1.2.5 K42 M 5 JH 1T & Nef2/SLCTA11/GPX4 (55
WA CHE I35 BUR 1.2.4 RIEA-80 CRUS HF A
FIRE IR, DA VKOK T 2818 A VR J5 B 2L B 20 g B0 ER AR |

AL R IR B. S A T BRI 41

C. P RE 1~ Tt o ) ik 401

LR Rk TREE AR B SR T R R AT 4 N, ABLRR
A1 PR HC A A S P A6 AU 3 Nif2 \SLC7A 11, B—tubu-
lin, GPX4, 43 7l % & % I 5t A\ Anti-Nrf2, Anti- B —tubulin,
Anti-SLC7A 11, Anti-GPX4 —¥i . HRP MBI L A4 o — 91, ¥k
B B SRAERIE, R Image JHPEE B0 B UK A,
A2 B-tubulin Ay it AL HAR Xk
13 %hitZam

iz FHl Graph—Pad Prism 8.0 #X {4 #4741 0 #r . ALK
BRAR R R TORE, SRR + A2 (v £ ) TR, R
R 2y 24 W ilE AT 2 4L IR 25 57 HL A, OR FH SNK—q #6596 3F
TP W E— 22 St . KB 7K E @=0.05

2.1 e BAE AR E AR

AN TR ¥ B 110 9 IR 5 B34 P A ) A431 20 B3 5, A S
PEEESEIT 1C, B 500,700 nmol/L 48 A T35 BEHEAT 5 225256 .
SERME 1R

150

—_
=
(=]

I I TE /%

n
(=]
L

0 100 200 300 400 500 600 700 800 900
FEAH - R B/ (nmol/L)

1 :a, 50 nmol/L A IHFHFEEA L, P < 0.05
B REREBBEFEES A431 HAEER KM

22 #HAeFEEE A43] @ AeIE AL A e Hoh

1550 HRZHAE L, A5 IR 9 B | v 77 2k 2 40 L 4 g SR 1y
A (P<0.05) , AT F 34 T (P<0.05) 5 45 0 745 it i 77 12
2200 6 344 i R A Eb A IR - A R o 4 0 — 2B R AIC (P<
0.05), JAT- R — B TH & (P<0.05) ; TBHQ 2H 20 g 43 5t R 7
15 (P<0.05) , AT R IFAE (P<0.05) . 5 A8 T B s 7 F 21
HH G, A5 0 B ) A+ TBHQ 21 40 i 1 5 2R T 5 (P<
0.05) , TR (P<0.05), WE2.E1,

. 8 I 05 it e 3 o
+TBHQ#H

D. TBHQ 41

El2 Hoechst 33342 &4l % 4H A431 48 AEE - (200 x )



— 372 —

BERERKFZR 2023 £55 48 E5 4 #3 (Journal of Chongging Medical University 2023.Vol.48 No.4 )

F1 BEAAFEEEEZEERETR(x £5,1=6;%)

Bax #E 1 % 35 ¥ — 5 T+ 5 (P<0.05) ; TBHQ 2H 41 il PCNA |

15 TR TR Bel-2 & [ &5 75 (P<0.05) , Bax 2 [ # 35 B (P<0.05) .

it e 4 100.00  0.00 8.52+0.34 5 JIE - i v R e 2 A LY, I I v ) S+ TBHQ 20

A A7 20 71.18 £ 11.35" 3823 +4.35" 4l fifl PCNA | Bel-2 45 1 3R 35 T i (P<0.05) , Bax 4 [ 3Rk B

85 L T gy ) 20 39.72+4.83" 7034 +7.93" K (P<0.05), WIE3 F4,

TBHQ 41 168.93 £ 16.54°  0.51 £0.07°

BB E R +TBHQ 4] 9240+ 13.72° 1535+ 1.92° £3 KAAIAME%ESE . ROSEMDAKE (x +5,n=6)

FiH 11.397 278.801 3 ety it/ ROS 7K/ MDA/

P1E 0.000 0.000 B (wmol/L)  (U/kgprot)  (nmol/mgprot)
T ra, S RE4IAR L, P< 0.05;b: S IR TR B4 L, P< Xof B ZH 8.95+1.23 1.12+0.17 435+0.36
0.05; ¢ S JIH - it e R AR L, P < 0.05 FRRFERAGH A 1578 £2.35" 3.89+035"  8.73+0.51°

23 AT BT A431 f0 M AAL B F K F 49 %R

556} HEZHAH Eb, A5 A0 -7 BEAG R ik 2 S 0 T o 5
AN GSH . CAT . SOD 7K -3 B A% (P<0.05) 5 5 i 57
15 )4 4 4D GSH . CAT . SOD 7K A Fb B B -7 B 5] 4
23— 25 FEAR (P<0.05) ; TBHQ 20 41 s GSH . CAT . SOD 7K 5
FHiE (P<0.05) o 5 FS IR P o 30 da LM L, S IR et v
FH+TBHQ ZH 41 ifs GSH . CAT ., SOD 7K -7 (P<0.05) . WL
*x2,

Fz2 HHEAMIAMENLETF GSH.CAT.SODKF
(x +5,n=6;%)

o GSH/ CAT/ SOD/
(nmol/mgprot)  (U/mgprot)  (U/mgprot)
XJRREH 2486+4.12  583+0.65  7.21+0.69
BT EREARFIEA 1602+ 173" 321+031°  4.35+043"
PR IEEE R 525068 0.73+£0.09"  0.81+0.10"
TBHQ #H 3598 £4.25°  8.14+0.42" 10.57 =0.76"
P I~ s e 7 A 22.34+3.80° 539+0.54° 6.780.52°
+TBHQ 4
FA 72.815 237.958 259.712
PAl 0.000 0.000 0.000

W ora, SXT R, P<0.05;b: S8R T BARF A AH L, P<
0.05;c: SASIH P35 B & R AL, P< 0.05
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P{E 0.000 0.000 0.000
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