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Mechanism of circ-0058063 on ferroptosis in esophageal cancer cells

HU Dong-yu, LI Hui, YANG Dong, LIU Hai-ying, GU Zhen-fang
Medical College, Jining Shandong 272029, China)

(Department of Oncology, Affiliated Hospital of Jining

Abstract: Objective To investigate the mechanism of action of circ-0058063 regulating ERK/MAPK signaling pathway on ferroptosis
in esophageal cancer cells. Methods EC9706 cells were randomly divided into the Control group, the si-NC group, the si-circ-0058063
group, and the si-circ-0058063+ISO group. qRT-PCR was used to detect the expression of circ-0058063 in esophageal cancer tissues and
cells; CCK-8 and clone formation assay were used to detect the cell proliferation ability. The levels of Fe’ , malondialdehyde (MDA) ,
glutathione (GSH) , and reactive oxygen species (ROS) in cells were detected. Western blot was used to detect the ERK/MAPK signaling
pathway and the expression of ferroptosis-related protein in cells. Results The expression level of circ-0058063 in esophageal cancer tissue
was significantly higher than that in adjacent tissues (P<0.05) ; the expression level of circ-0058063 in human esophageal cancer cell
EC9706 was significantly higher than that in human normal esophageal epithelial cell HEEC (P<0.05). Compared with the Control group,
the expression level of circ-0058063 in cells, cell survival rate, number of cloned cells, GSH level, ratios of p-ERK1/2/ERK1/2 and
p-p38MAPK/p38MAPK, as well as the expression levels of SLC7A11 and GPX4 protein in the si-circ-0058063 group were significantly
reduced (P<0.05) , while the levels of Fe* , MDA, and ROS in cells were significantly increased (P<0.05). Compared with the
si-circ-0058063 group, the expression level of circ-0058063 in cells, cell survival rate, number of cloned cells, GSH level, ratios of
p-ERK1/2/ERK1/2 and p-p38MAPK/p38MAPK, as well as the expression levels of SLC7A11 and GPX4 protein in the si-circ-0058063+ISO
group were significantly increased (P<0.05) , while the levels of Fe*, MDA, and ROS in cells were significantly decreased (P<0. 05).
Conclusion Knockdown of ¢irc-0058063 can inhibit the proliferation of esophageal cancer cells and induce ferroptosis, and its mechanism
of action may be related to the inhibition of ERK/MAPK signaling pathway activation.
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B, Ho A TR AE S A 1Y) T PE %5 (reactive oxygen
species, ROS) RFFNG it Ak s i, AT R,
BRIET Al A 2 2 b R ) e A TR 75 5 P e A M B
FET AT BE AN IR T B A Y DG B P R, FRAR RNA
(circular RNA, circRNA ) J&— 2304 ] & 1 AR 254
FE G5 RNA , HAT v BE A RS E PE RO ST P, Al 45 A
KRB L) T R R R 2 B R R T
circ-0058063 & —FiAFAE HYPRIR RNA SRR T ATIC 2
DI AL, 2K 1640 bp, AR HATE T cire-0058063 11
BFF2 AR £ 5 HE A TS £ W, cire-0058063 2
T B R (A S R A G
(esophageal squamous cell carcinoma, ESCC) ) & 4 #L
il R AN A o N AME S T R (extracellular
signal-regulated kinase , ERK)/ i 73 24 J5L i A 1) 85
fiff (mitogen activated protein kinase, MAPK)7E 4 45 4l fifd
AR PR OCHEE H  ERK BB AL 5 T A B 7
FINARA% , T MAPK {5538 % 45 4t B3 58 53
e AT AR Z R AR iSRS BT ERKIMAPK 55
T8 % AT AR 2 i e FROIRBR R A5 22 Bl M RE A A AR K
JEO! A L2 A5 2 cire-0058063 5 ESCC kAL T Y 4L
il FUAT R A B o NI ASBETEIRTE cire-0058063 fiE
7738 13 A 4 ERK/MAPK {5 538 i I 72 60 8 7 20 2k
FET, LA I RAR 2%

1 #R57FE

1.1 e RFH

W 4E 2021 4F 6 H 2 2023 4F 6 H Fe B i 1 45 il
BEREENHLRA RS A m A BT
-80 CHAIRVKAEORAF . FHorh B3 2549, 22 20 1415 S 3%
RIS 49~62 % P14 (56. 143, 4) %, A AFRHE - 25 B
20 SRS A UE S B R 5 R I R 32 o O B Ak
I7 5 I IR BB S8 o HERR PR « A7 H A 0% 1 ik g %
A TR s AN A AT . AR AR BB HEZ B
S UE (S HHES . 210411) , B A B 5 B A BF 5T
HEERE.
1.2 @z

NIE# &8 40 HEEC A1 & 4 98 40 iy
EC9706 ¥4 [ b Jb 4 S A 4 B A0 9 5 5 9 o0 o
1% HEEC Fl EC9706 41 Jfl 35 3% T &% 10% Jif 48 10 ¥
100 U/mL 75 8 2 FIBERE 2 10 RPMI 1640 55373 B T
37 °C.5%CO, MG FAA TG SR, 24 h G WA Ak T X0 A
KT A0 BT 25
1.3 KA FAE

AR I AL EARAT R F]) 5 cire-0058063

JNFHE RNA (si-cire-0058063) K H T E RNA(si-NC,

I BEEA R A BR S F]D s HRP ARG ILEH TR 1eG
“PHi(3EHE Abcam /A F]) ;ERK1/2 . p-ERK1/2 ,p38MAPK
p-p38MAPK LA FIERFE T4 26 4 SLCTALL A BEH
K o AL W) 1 4 (glutathione peroxidase 4, GPX4) $T {A&
(9% [E Abcam 23 1) ) s ERK/MAPK 15538 #8077 5+ A
¥ AR 2 (isoprenaline , 1SO ; 3¢ [E MCE /A A] ) ; CCK-8 i,
M BigEEAEYPHHARAR ), 7O6E & PCR
1A% (S E ABIAF]) 3 (81 8 5t i iU sE (et
HRRAFD s b CRYNE 2 AP ARAH A A .
1.4 4@

O KA1 ECO706 21 , R 5 I 3 A 85 77
FEIr 5T Lipofectamine2000,si-NC Fll si-circ-0058063,
5 min Ji7 , B i Y WG BV 5 e YL iR se IR B 3950
ZE IR E 20 min; 5% EC9706 41 il % & 4 2x10°/mL,
FERDT 6 fLAR Y, 9L 100 WL K5 FIRIRA Wi R 44U
200 WL A FLAR o, 55 5% 48 h 5 435135 0 si-NC 2 Al
si-cire-0058063 ZH 5 #4 si-cire-0058063 41 21 iy 1% 3% T &%
20 pmol/L ISO [ 15 #2124 h, % 4 si-cire-0058063+
1SO 41 5 B N % L A% fa] J51 i 1) EC9706 2 Al % Ky
Control 2H .

1.5 qRT-PCR #4842 4= 28 I F circ-0058063 & i&

TEA0 M A 20 A TRIzol 29 , T oK b 24 f#
VR, AR R G B A AR B A 2 S RNA T
W B ST, AR 300 2 S iR G U W L S RNA 5% R
cDNA, R G #1T qQRT-PCR Y4 . SI¥FH %1, 4
0. 5 wLIER G0, 5 wL K [5147,6 wL SYBR
Green Mix, 2 wL ¢DNA,ZRJSMIA 6 pL ddH,0, PR IIE &
KR Z 15 Wl AR¥E PCR B &1 5, HUAs Pk
95 °C 60 s; A5 P95 °C 15 s,iR K 65 °C 45 s, ZEAH 72 °C
30 s, 35 AEH . 2722555 cire-0058063 114 A
Xf Rk . AW G YE % Sun F OB R T
Gl

*1 313
JEH 514751
circ-0058063 1EM  5-CAGCTCTGATGCCTTCTTCC-3'
Jem  5'-GGAAGCGACCAGATTCAAAC-3’
GAPDH 1EM  5-GTCTCCTCTGACTTCAACAGCG-3'
Jem  5-ACCACCCTGTTGCTGTAGCCAA-3'
1.6 CCK-8 4] 2m o3 78 48

15 4% 2H EC9706 4t i LB AL 1. 5x10/mL 1Y) %5 B 4%
Fi T 96 fLB B T 37 “C.5%CO, BB 3548 , 7 BIAE R
3524 h .48 h. 72 h B CCK-8 ¥ #i (100 L) I A LR
o REEESR 3.5 hs , T REPRAY 450 nm 0T 22 i bR A
B ( optical density, OD ME .
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FhF 96 fLtl H , T 37 “C.5%CO, G FRA R 5 #: 24 h,
¥ 7 4 ML T 4% CO, 1Y) 2 R R b 7E & R b [
10 min, $ 1% &5 S MA AP G225 min )5, K540
JiINCan RGN <2l O o VW i e =i Ol oy
1.8  fmfe ¥ Fe™ | & ¥ Ak (glutathione, GSH) | & =
B (malondialdehyde , MDA ) 7Kk - #&-i)

4% 2H EC9706 4 M L) AFfL 1x10° 4 114 %5 B 42 Fh
T oLt 5557 24 h S WCAR A0, In A RIPA 24 /i 2
JL, AR A X ) G U I AT, o AL I 248 B A R o Fe
GSH .MDA 7K,
1.9 DCFH-DA#K4H#m ROS 7K -F

425 41 EC9706 4 il A 5L 1x10° 4™ ) 25 B 42 F
F oL, W E 1.5 h, PBS YE& A0 M) , hn A 32w
PBS #ii B¢ 7 10 wmol/L 1) DCFH-DA , T~ 37 ‘CRE G5
T, 30 min J5 ] PBS PR UE A, PBS B R UAR
A, T3 220 A ARG T 400 A ROS 7KK o
1.10 Western blot # | 2@ i  ERK/MAPK 12 -5 i@ %

BT AR R G FGA

FH BCA Y& 5 240 M v S B Lk B . BROK & B 2R
FURE S (M EE K 2 wg/mL) 10 min, T =20 CI£FE, HL
H EFES0 g, A EAEGE o i fs A R A2 P 2R
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A Ay O 5% B B A4 B L 1 h R
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TBST ¥ i 1% PVDF 5%, il A—4$T ERK1/2 .p-ERK1/2.,
p38MAPK . p-p38MAPK .SLC7A11.GPX4(#1:1 000),
T4 °CHREOLIEF & A HRP 45 id 19 41
(1:5000), I E 2 ho K ECL & ICWINA 40 L rh
B BCIEHIIR, ] Image Lab 201437 426 11 5504 -
111 %t 3o

HHi >k H Graphpad priam 8. 0 3K {4 #4748 112447
Mo BUE LA BCAREZE (s ) R o N[ 2H 18] B0dh R
FH EE 52 0 5 7 22 F1ER IR R 7 2% (one-way ANOVA) 43
Hr L 45 £EL 1) 9 3 L350 R ] LSD-1 K 56, P<0. 05 R 22 5+
Aot #FE .

2 #R

2.1 AZFetm e F circ-0058063 & ik Hbix
B SU cire-0058063 25 15 7K - W i 55 T

S L(P<0.05) , WL las 5 A IEH B 540y
HEEC A1 Eb , A2 % 98 41 i EC9706 1 cire-0058063 #
RSB 4585 (P<0. 05), WLIE 1he Control 415 si-NC
ZH EC9706 41 ifi F circ-0058063 2 ik /K S M #5 % 7
T 453t 2 5 X (P>0.05) ; si-cire-0058063 ZH 4 fif
circ-0058063 F ik /KF-H i Ik T~ Control 21 (P<0. 05) 5 5
si-cire-0058063 ZH A HL , si-circ-0058063+1S0 ZH 41 il
circ-0058063 F kK F-B B 455 (P<0. 05) , WL 1e.

i 15

X
=10 T A

#*

circ-00580637H
=
W

(=

tlr 14 '.Nlcé si-circ- si-circ-
Controlff] si-NCHL ( Soe 005800180

a: B LR B LR P cire-0058063 & ik ;b A B R E Bk an i HEEC fe AR 9% 48 I EC9706 7 circ-0058063 % ik jc: B-40

EC9706 4m e, ¥ circ-0058063 & i&
P<0.05

*:P<0.05;#: 5 HEEC #8 b, P<0.05; A : 5 Control 2248}t , P<0.05; A : 5 si-circ-0058063 #4848 1t ,

1 ARFIZAH cire-0058063 R ik LL

2.2 AiAtmierg et i

Control 2 5 si-NC ZH 21 o 77 7% % . v B 40 B B 1k
WERILGE T L (P>0.05) ; 5 Control ZH4H L.,
si-circ-0058063 41 4fl fifd 17 1 2 Al 5o B 20 M £ 3 W
B B ARARE 2D (P<0. 05) 5 5 si-cire-0058063 41 AH L ,
si-cire-0058063+1S0 41 21 i 77 % 25 1 v [ 4 it 25351 ]
TR AN (P<0. 05), TLIE 2,
2.3 Zmmied Fe* .GSH MDA /K- b

Control 41 5 si-NC A1 4fiffi ' Fe** . GSH MDA 7K~ L1,
BZEFIGI2FE L(P>0. 05) ;si-cire-0058063 41 41 Jifl

W Fe? \MDA /K-8 i 5 F Control 4 (P<0. 05) , GSH
T BAKT Control 41 (P<0. 05) ; 5 si-cire-0058063 41
AL, si-cire-0058063+1S0 ZH 41 ML Fe** MDA /K-
BREIR(P<0. 05), GSHACT-BI RN (P<0. 05), WLIE 3,
2.4 &mzmint ROSKF ik

Control 21 5 si-NC ZH 4fi ffi v ROS 7K-F- LA 22 5% 6
i3t 253 X (P>0. 05) ; si-cire-0058063 26 41 Jifl HF ROS
KB 5 15 F Control 41 (P<0. 05) 5 5 si-cire-0058063
ZHAH HE , si-cire-0058063+ISO 41 41 ffl H ROS /K S B it
R (P<0. 05), VLK 4.
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p-p38MAPK .SLC7A11 . .GPX4 & & & ik ik
Control 2 5 si-NC 2 41 it ' p-ERK1/2/ERK1/2 L.

a:Fe”7KF ;bh:GSH KF;¢: MDA K-

B3 &AM Fe* GSH MDA /KL
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800
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p-p38MAPK/p38MAPK Lt F1 SLCTA11 ., GPX4 1 5R
57K SE K T Control 2H (P<0. 05) 3 5 si-cire-0058063
2 A FE , si-cire-0058063+1SO 4 40 iy *f p-ERK1/2/

) si-circ- si-circ-0058063
ControlZf si-NCZ 005806341 +ISOZH

ERK1/2

p-ERK1/2
P38MAPK
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GPX4

1.57 1.0
- =
0.8
22 | ) %
EE 91 0.6
%S =
'8_%05 * < 0.4
& <)
= 7 02
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F 8 &% B ;b:p-ERK1/2/ERK1/2 Fofh ; c: p-p38MAPK/p38MAPK Fofh ; d: SLCTAL1 & & & ik K F je: GPX4 B & & ik KT

Control ZE48 ¥, P<0.05;#: 5 si-circ-0058063 2484 , P<0.05
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3 Wtig

H i 88 IR 7 T AN D (R A
FE O AR, 2 BB E e 2 b, B 21
BB EEFRS AR T = F AR, t Tk
AT i 25 55 R BRE , S BUR S 5 AR AR R AUN 16%~
209", PRLIL, BR 9T BB R I AR AL DL R YT B
FEZ5%) 5 R B TS A R
PRSI K, cireRNA 0] 47 S ifsd 18 &% 4R &
&, 2 5 5L D G SRR Y, PR LA B AR N R
SE MR SE M A S R R K AR I T A R
Liu 298 & B, circRNA-141539 7E ESCC H 52 55 56
ik, HOAT 38 ot 4R Ak miR-4469 1E K ESCC By 208 K 7
ZEAER AR UE S, B R AL 2 cireCCDCO6 K 3A
HH B 1 A, R R P cireCCDC66 AT 1103 201 it 184 7
IERFERET-AER . Xing FW5T K& L, 45 9 41
ZH 1 cire-Foxo3 ik M B K T sz 4l 41, i £ ik
circ-Foxo3 TJ A5 %38 i 6 48 6 63 41 M9 B e S 0 Jse sk
H i , cire-0058063 11 Hj GE A AE Ji% e 9 i 5%, T4z
ZENORIESE S B, cire-0058063 7 % Bt Ji b 635 TH e, i
% 3K cire-0058063 A if &f ¥ 4 fb miR-338-3p |- 4
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£ AT p-ERK1/2/ERK1/2 L {& . p-p3SMAPK/p38SMAPK Lt {EF1 SLC7A11,GPX4 E B RiAKFELLE

COX4 F 3K, T il 4 g 14 51 F4Z 28 ; Liang 55" 55 1IE
S, AR cire-0058063 R i 25 310 4l fi Fb 98 200 it i) 34 5
R 28, I 42 0F 5 e e 40 M 0d - o IR ok A,
circ-0058063 7] fig 1l 4 MR () A A YT L AL o ARWFR
SRR R, B A S cire-0058063 ) 5L
FIB, I cire-0058063 & 1A R 41 il £ 8 i 4 g 3 4
AT A0 1) £ A9 1 A R
BRACT R — PR AL st Ty =X, O
1 ROS 58 HEAL T 3500 g B SR A B i, e 4 5230
HMIFET, BRIE T IR 5 S 2 T 0 e,
I FE R AR/ E R 1 55 15K (system xe-) FIl GPX4
JA¥E o system xe-JE — P EEMPAMRG, T2 H
SLC7A11 FISLC3A2 P4~ JE 4l i, Ho v SLCT7A11
FAE B IR R R EAEM . Y system xc- RGHE
TSRS, e 2 B a2 W AL 25 5 ) GSHL B & 1, AT
 GPX4 1 2 3 FAg B ik A Ak SRR, R E AR BB T 1Y
7;2% Jig B ik S AL ) MDA 5 52 SONBRBE T A5 i
Z— o oM AW ST IR S, BRIk S BT B Fe
MDA .ROS 7K, 41kl GSH .GPX4 /K ¥, 5 55 5% 21
MBI . ARBFFR A H BIR , @ cire-0058063 1] 1%
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Jil Fe* \MDA . ROS 7K~F-, # il GSH 7K °F- Fll SLCTA11 .
GPX4 % 35 , 271 Rl cire-0058063 41t HE £ 45 Jen 41
HLARFE T, DT ) B 48 g 1) A & e (B B AR
FHMLEIE 5 2E— B HR5E .

MAPK {5 5l 1% 5 5 2 Fp A= B B 72 45 40
M A AT, ERK 2 MAPK i 3 5 (55
M S K 2 — , 52 LR S M A MRK1/2 XU
R A | 16 Ak e DL R A2 e, mT 3 o 40 i
e 7 0] 240 RO A R 458 R ) P SR TR -, AT S S0 4 L
A3 AR 2R I SRR I UE S, e va B A R A0 i
LIMD2 3% , Al 3 i 1 ] ERK/MAPK {5518 B2 v 40
MO T o ASHIEZE S5 R B cire-0058063 A F# I
& % 40 M P p-ERK1/2/ERK1/2 F1 p-p38MAPK/
p38MAPK LUAE , PRI HEN | B cire-0058063 F] fiE i i)
4] ERK/MAPK {5538 B0 75 5 2 98 8 210 it 4 ot
TN Hl SRR R R BT HiEX —5
U, A 5E R H ERK/MAPK {5 53 #3505 71 1S0 B &
si-cire-0058063 e [m] 15 £ 45 ¥ 40 il , 45 2R 7, 1SO
ALY B cire-0058063 X £ 8 i 40 MU AR AU T (1) 41 0F
VEFH DA RO 658 9 A I 38 58 i Pk Ve F . el e ml O
U cire-0058063 T HE 18 £ 411 il ERK/MAPK 15 53 %
P T AN B4 7

25 B R B cire-0058063 R 411 fhil £ 45 9 40 Jifd
BB S R A AR AT T HAE ML AT BE 5
il ERK/MAPK {551 B 300 A 56 o
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