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Abstract

BACKGROUND

Resveratrol not only has anti-tumor effects, but also can
enhance the chemosensitivity of tumor cells to a variety of
chemotherapeutic agents. However, its effect on cisplatin
sensitivity of drug-resistant esophageal cancer cells
remains unclear.

AlM

To investigate whether resveratrol reverses the drug
resistance of esophageal cancer Ecal09/DDP cells and
to explore the potential mechanism involved from the
perspective of ferroptosis.

METHODS

The optimal treatment time and concentration of resveratrol
and cisplatin were determined by MTT assay. Cell prolife-
ration and the intracellular levels of malon-dialdehyde
(MDA), glutathione (GSH), reactive oxygen species (ROS),
and ferrous iron were detected. The protein expression
of the ferroptosis-related molecules acyl coenzyme A
synthetase long chain family member 4 (ACSLA4), ferritin
heavy chain (FTH), glutathione peroxidase 4 (GPX4),
and tumor protein 53 (P53) was detected by Western blot
assay.

RESULTS

MTT assay showed that compared with cisplatin alone,
resveratrol combined with cisplatin significantly inhibited
the growth of Ecal09/DDP cells (P < 0.05). The combination
of resveratrol and cisplatin not only reduced the number of
colonies formed (P < 0.05), but also increased the levels of
ferrous iron, MDA, and ROS (P < 0.05) and decreased the
level of GSH (P < 0.05) in Ecal09/DDP cells. The inhibitory

2023-06-28 | Volume 31 | Issue 12 |
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effect of resveratrol on Ecal09/DDP cell proliferation was
partially reversed by ferrostatin-1 (Fer-1) and deferoxamine
(DFO) (P < 0.05). Western blot analysis showed that
compared with other groups, the protein expression of
FTH and GPX4 in the resveratrol and cisplatin combination
group was significantly decreased (P < 0.05), and the protein
expression of ACSL4 and P53 was significantly increased (P
<0.05).

CONCLUSION
Resveratrol can inhibit cell proliferation and reverse cisplatin
resistance by regulating ferroptosis in Ecal09/DDP cells.

© The Author(s) 2023. Published by Baishideng Publishing
Group Inc. All rights reserved.

Key Words: Resveratrol; Esophageal cancer cell line Eca109/
DDP; Cisplatin resistance; Ferroptosis
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WAt G B AR E 5 I Ecal 09/DDP#Y it 25 5%
T INER S T84 AT e A e A A AL,

Fi%E

RAMTT &AL G 3 F B Ao)lia 69 AEAE A B 1) A=
WA 2m fe B 58, 4m i M A —B&(malondialdehyde,
MDA). #&BtH Ak (glutathione, GSH). &1+ £ (reactive
oxygen species, ROS) &%k & T 9 7K-F; Western blot
Ml 4 7 T A8 X A 45 B T BE R AR EE A S R B K 4 K
#% % i 4(acyl coenzyme A synthetase long chain family
member 4, ACSL4). 2% & ¥4 (ferritin heavy chain,
FTH). &t Akid A4 B4(glutathione peroxidase 4,
GPX4)#=hf J% % & 53(tumor protein 53, P53)#9% & &
B

ZR

MTTHM 25 R 27, A4 T E£ R Rsh, BEA G F
B2 3 Ecal09/DDP 4 ity A ¥ 4p k) 45 A 8 A B %
(P<0.05). b3k, & 3 F B Fo )l 443K R T 2% HAK
Ecal09/DDPm it 5t 475 s A (P<0.05), ¥ Hmm fit A
4k 8T+ MDA#FROSK-F(P<0.05), FIKGSHK-F
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(P<0.05). £k 5. T3 71| (ferrostatin-1, Fer-1)F=%k & T %
47 (deferoxamine, DFO) ¥ [ 51# 45 & 3L 75 B %) 4m it
3 78 64 49 ) VE A (P<0.05). Western blot#) 25 R 2 = A8%%
T H AR, G 3L F B AR 4aT A 4L FTHAGP X449
B Y FOE B HAK(P<0.05), mACSLAFP5389 5 G £
ik R EHEHm(P<0.05).

221
¥ 3 F BE VT i 4% 5t TR Ecal 09/DDP4m it 6 3 74
% BRI AA T 25
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TREEE, BT RN, B2 BENFES
Wil JRIT RSORZILR. ST E B G
VB AT B AR, SRAF PN 245 17 A ] B s
AT R B B B KA A K 3 R R, g 4 sk A3
PR 24 1) 5 AR AL DB 30 B T 24 ()3 284 25 0 R AR I
F2 E AT (P 9T A SR E Y KR I AR S e 3R )
I BCEEIT 23 2 5T 20 %, SR RALT Bt
AR RN, BT BT 56 U KR TT AR B
BIRACS. AR R M AR 2 B R A,
I VZATAE T KRR Fefe Gi b 2y 1 N —Fh R AR I
PLBER, AFSERAYIR. PUAL. PO %L R
2y TN, B RN, R R
FTPI3K/AKT/mTORYE 58 1% 10 4 G S 95 41 B A0 77 i
257 BAb, R R AT A Al mi R - 122-5p 3 AL A e 4
FEM CF-75% B 25 2 (AU M. bt m] L, (3 il
52 M7 2R, SN2y &k SR E RT RS
KT AR N B AE cal 091b )7 It 25 1) 52 M
SARTAHN IHRIE. A5 AN B 2 M Ecal09 &
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T 1A Ecal 09/DDPAH MR 2451 (X142 4k, I AR
SET (R A FETID AR U AT REMITE RIHLAG, D AR WA
BT TP SE BN AT B it — 8 A B BE A,

1 RS
1.1 M4 N ERAIME cal09 & FL AT 24540 i &
Ecal09/DDPI H HHR e Eig A1k 2% 5 40 i A= 4 24t
FUHT; RPMI1640VE AR 5 7751 H 5% F Hyclone /A 7]
HEPEE, AL T 7 (ferrostatin-1, Fer-1) FlEk 2T
&77)(deferoxamine, DFO) H Sigma A &l yE5 FH A
) E S 2456 BR A ] 2k B iR &0 H 25 E Abnova
ol BB A S O BE X R 4(acy ] coenzyme
A synthetase long chain family member 4, ACSL4). k&
M #E4%(ferritin heavy chain, FTH). &bt H KL E )
fiti4(glutathione peroxidase 4, GPX4). Ji{J# & (453 (tumor
protein 53, P53)HIIL) & 1 B(B-actin) i3y H 5%
Abcam/a w]; BEME S (methyl thiazolyl tetrazolium, MTT)
2t 35 B A A7) 4 DA S T B (malondialdehyde,
MDA). &t H fk(glutathione, GSH). &% (active
oxygen species, ROS)FHllIA A @I 5 Fi#E = RAEY)
FORA PR 7] HAalGmsy o 7 i 7 dir 4.
1.2 7
1.2.1 fmpszde: (B A1 HEcal09 K Ho iR 24 40 A
£ Ecal09/DDPH FLES I5 15 10% - LS A1 % 7 -5
R KIRPMI16407 1441 L 15 57 3 vhy, 52 S AN A%
R, NGRS R 2457, Ecal09/DDPYH ks 773
s [T BN SR, 55978856052 37 °C, 50 mL/L CO,.
1.2.2 MTTAZ R : K FIMTTVE R I 40 i 22 b 22 ) 33 5
LI ARAK, K4 iR 96 FLAR (2 X 10*4 /mL), %4
TAERL I R 5, IIAMT TR, 557548 o 4k 4
¥ E4 h. 55 m FHBEPR AR 2 FLAE490 nmi K A
JEEEAE(OD), 73 B 40 B (R G B 15 . 5k S 58 1 = A
SALBCTE A, 1R BAS 2 48 I B FLAE 2 6] R
SE A =K AN SRR S BB AR

RHIsE % Ecal09 K Ecal09/D D PZH i fr) 2 41l
WRIECS0), NI R BB N0, 3.125 uM. 6.25
uM. 12,5 uM. 25 pMAI50 uM.

SN 1 A2 7 B R T 24 40 U Eca109/D D P 2
PR, B2 EERGIRE B E N0, 15 uM. 30 pM. 60
uM. 120 uMA1240 M.

1.2.3 fmfe e % sl SR A B AR V6 T B SR B0 1 £
2 B FR MG T A DL K 2 BRI AR T 6 A LR (10001 /4L), 4K
P N IR SIS N 2 b3, BT AR B R A 4k
72 wk. WP 5 IR, PBSTE UG N2 5% H I [ i 4
JRIER &, T J5 N4 Gl G g 1o, F Qe 5 R B T Rl
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i AR RO SR T A R SR Y L

SERG A2 AN R RPHRAL AN INIER S 1 227 B, Crl);
FIBE P A (A ZE P R FE N30 uM; Res); JEAZH (I
WEEN12.5 uM; DDP); NIEH K 1 22 = B F 2 Ot
FER12.5 uM, PR EE 30 uM; Res+DDP).

1.2.4 Za e AMDA. GSHA&M: KHE S5 720 4355l ik
PR AR M, i BT S SR AL A R AR S Bk AT I R
B e BB OUWES A A PBSIE VG, EE4I.
T P B R A P o A IR AR, A T B U I N
N TAERR 6, BEAR R I450 nmip KAk 1RO B2
8. 2 bm i 28 5 B A RS I i . S25% 4328 [F)
2.3.

1.2.5 =4k & F(Fe* ) A2 abml: 1 H SEi 4 4153 ) 4k
PR A0 M, 2 BT SR AL M R A S Bk AT R
ERAE: RBETH AR % LA, 250 )5 N Assay buffer =
BN, AT UKE FEIR B O LTSRS, MRS
B AR OB IE R RN SREL, % B G S B bR UG
MIS93 nmisk K AL IR AR 2 il bt it 22 320 B %
SIS R B T IR T SR8 A 42,3,

1.2.6 ROSA&M: W4l sl AR T-24FLAR (2 X 10*1~/4L), &
0 SIZ56 43 4143 Sl b FE A5 AL A P, 184 0 2 o R L (1
TR RH X BRFLOIMROS XY iR 775 mg/mL Rosup),
B R, G IID CFH-D AL 44130 min.
HAICEANNE, PBSYRIRIFE R, TUOk s T
WS FE T BRS04 IR 2.3.

1.2.7 western blot& & & ik KP4l ML KPBS
Vel )a, MMRIPARERWE S HAREH. Z2EBCA
B e BRI S B AR, e EAEETSDS-
PAGE#tIR KM, Mo BMEHMEARE LR
PVDFJE. A 5% MG F T = 3 T #1190 min.
¢ 3 T8 BA A5 SR I AR B LG ) — P4 CIEE AR,
TBSTHER G MAADR B — 5 RFF 52 h. TBSTH:
%, B =P ARECLAL S R OGIERN B & A MR
BLHAT IR E 58 B A0 #. S8 7y 4R FI2.3.

Geit A8 TS %dE S A\ GraphPad8 3% kAT
GUitS i, SLIR g R LAY EL + bR % (mean+ SD) R
N, 2 IR CIBCR FH 75 22 90 A, 25 AL 3508500 1) 4 1 L
4 FiBonferronif 1E KA U6, P<0.05FR /8 2 55 B M.

2 BR

2.1 @R P BERORA LR E AT P oh b B 3 A
A AW E P K FIMT TV € Ecal09/D D P i X i
BRI 2. S5 R an B LR, NURH AT o R AR A 4 o)
Ecal09 A Ecal 09/DDPAHAI ¥4 5E, HliEH X Ecal 094
JfLANEcal09/DDPAH i I1C504) 5 A (7.70+ 1.18) uMAT
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& 1 BEEEZNECal09/DDPINE HEIEE

X B (uM)
B8l 0 15 30 60 120 240
24 h 100 +0.63 94.67 +3.85 92.33+6.06 87.93+4.71 72.99 +5.09° 61.47 +4.55°
48 h 97.32 +£5.26 92.81 +3.1 88.46 +5.53 56.98 + 5.63° 48.88+4.1° 36.02 + 6.34°

°P<0.05 vs 0 uM, n = 3, mean = SD.

—o— Ecal09
Eca109/DDP
—+— Ecal09/DDP+Res
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1 BEAERIEAEE R X Ecal09/DDPIEE IS, 1 = 3, *P<0.05 vs Ecal 0941}, *P<0.05 vs Ecal09/DDPATJE. Res: [543/,

(24.73 £4.45) uM; Ecal 09/DDPAI L% IIFiEA1 B A BH 2 Fro it
2y, W T E S .

CCK-84H % F Al 45 2 7R (R 1), Ecal09/DDP
YHARAAS R BE 1) L B2 P BEAL 324 b, 20 7T BE
27 AR P R IO TR, P 120 uMUA% 240 pMIfy
AT 2 A 40 I 71(P<0.05); 4bFE48 hfg, (1%
PR ELE60 uM. 120 uM 2240 pMI (-1 P
F(P<0.05). HEHUIC 20 M 75 1E F P9 o VB2 P I 1)
M 25 1 FE R FE, RI30 uML

DNE— P IIE 42 7 & 15 AT Y 5 Ecal 09/DDPA
LR 2451, ASHIE 7T M T TIZERG 30 WM 28 25 7
%2 J&, X Ecal 09/DDPANAR ARG 1E . 45 R 15T
7185 30 M A 22 P T ), Ecal09/DDPAH L A 48
SRR G, BAEIETIR B 12,5 nMI, ZE R E0h
FE(P<0.05), T Ji5 S50 15 FH A 5 AT AL 2.

2.2 G F B Ao )R s BK R At dm B4R TR Y R 89 R 4l
i T B T S 45 SR SRR (E12), A EL TR R4, B
FAGER AL B (DD PZH )2 Hi 52 V& T i 1 1058.27 +95.82
IR/ E693.69 1 53.25(P<0.05), T [ 22 7 A4 B
A AL PR (Res+D D PZH)AH i 5274 T it — i 2
357.78+23.24. 45 R LEECal09/DDPHIIH, 37
WA BUE I FH P gE— 5 B i U o 4 i P 545 7.

2.3 & 35 B Aol A0 B ) 2 dm IR Ak S T e e Al AR
FET M HR bR AR 25 SR SR (E13), AH ELF-X R4, I
HIAHE (D DPAL)AN I P Ak RIS A T,
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[ MD AFIR O S7K- ¥ 3 Tt 151(P<0.05), TG SHAK - I
Z MG 30 M 1 227 BEFRT I, 4 A A0k e
FHIE L EMDAFRIROS /K2 3 =5 T DDP4H; GSH/K
FIE K TDDPA, &7 BA g2 L (P<0.05). 45
UL 2 I LR AT 525 e HEE cal 09/DDPAH
WELES FIOEB R, 5 Salmgstr.

2.4 G 3P B Fe )AL TR R 15 A5G 25 1 55 2K L T RG AR K
e AER Sy S i Fer-1 FIDF OHE— B IGIE (A 22 1 i
AR B FH 00 2 i 245 1 5 R AR T I AR DG % (14), MTT
Y P EF 1 AG I 45 SR 7R Fer-1 MIDFOX Ecal 09/DD P4 il
oA AR, AR IR A I 2 (R es+D D P) 2 i
7179(48.05+2.83)%, M12.5 uMERIET I FIFer- 18034
2.5 uMELE T EAFIDFOT- T, 403 /15 5l [+ 2
(60.362.87)%A1(57.70+2.74)%, 757 B A Gt ¢ X
(P<0.05). 45 5L 0, 2L B AEAIEE FH BT B Ecal 09/
D D P2 it 14 5 $00 | 4 FH T e 2k B0 T4 7 F er- 1 RRER 15
THAFIDFOM /i

2.5 G 3 B Fe)lR AT R x 4m e 4k 5t T AR KR AR )
F 49 Western blotha il 25 R an &S s, AHEL TR
H, MEAbEEZH (DD P )41 MY N FTH A GP X4 £ [ 3R 1A
A T AR (P<0.05); ACSLA K P53 5 [ 435 ) S 18
#(P<0.05). FIFPEERTEIRA AL FEZH (Res+DDPZ)
4 NFTH A GP XA I 3RIAAH H T DDPA 25 FEIK
(P<0.05); ACSL4 K P53 18 FFRIAAH L T-DDPAL N3t —
BHNP<0.05). £ 50 F 22 W 7T f2 I E cal 09/DDP
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2 BB R)REBEAFXIECca109/DDPLRIRESSZZ AEIEAM(ELBIR = 5 mm). Cel: ¥ BZH; Res: FIZERE4H; DDP: 5i%14H; Res+DDP: JIi
N R, 0 = 3, 'P<0.05 vs CerlZH, *P<0.05 vs DDPZH.
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3 BEFEERIMEEEXFAXIEcal09/DDPAIRERIETBIRIN. A: —MELE T & &; B: MDAZK:; C: GSHZK W DAIE: ROS/K, RS
400, FEBEIR = 20 pm. n = 3, 'P<0.05 vs Ctrl 24, "P<0.05 vs DDPZH. MDA: N [%; GSH: 2L ROS: i, Col: RHEEZH; Res: (13275
[E4H: DDP: IIF42H; Res+DDP: NS 14452 5 HERE A4

S L PR BB T H S R R T 1 2 1 2. TE RN 2 E R F RIS, AR T A%
P AT 2520 LE cal 09/DD PALTF T 25 1
3R R, MTTZG S0 48 L R (3 I [ S S 4

IR B A S MBI, HE SBRIEECN,  fiBcal09FIEcal 09/DDPIEENERL/N, AN 32 i
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