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si-NC#H. si-circEPSTII4E. si-circEPSTI1+anti-miR-NC#E. si-circEPSTI1+anti-miR-216b-5p#H ; 5k
I CCK-8i% . FMRIEL mER . AXMIEAKSE Transwell 2 5o A4 a8 76 . L EH R A
. A5 AA4Z 4 ; Western blot# | Cleavea-caspase 3. Cleavea-caspase 9. E-cadherin. N-cadherinZ
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Abstract The objective was to observe the effect of circEPSTI1 on cisplatin resistance of gastric cancer
cells by targeting miR-216b-5p and to explore its possible mechanism. The qRT-PCR (quantitative real-time poly-
merase chain reaction) was used to detect the expression of circEPSTI1 and miR-216b-5p in gastric cancer tis-
sues, adjacent tissues, human gastric mucosal cells GES-1, human gastric cancer cells HGC27 and gastric cancer
drug-resistant cells HGC27/DDP. The dual luciferase reporting assay was used to verify the targeted regulatory
relationship between circEPSTI1 and miR-216b-5p. HGC27/DDP cells were selected as the research object and
divided into four groups: the si-NC group, the si-circEPSTI1 group, the si-circEPSTI1+anti-miR-NC group, and
the si-circEPSTI1+anti-miR-216b-5p group. Cell proliferation, clonal formation, apoptosis, migration, and inva-
sion were detected by CCK-8 assay, plate clonal formation assay, flow cytometry, and Transwell assay, respec-
tively. Western blot was used to detect the protein expression of Cleavea-caspase 3, Cleavea-caspase 9, E-cadherin,
and N-cadherin. Compared with adjacent tissues, the results showed that circEPSTI1 expression in gastric cancer
tissues was up-regulated (P<0.05) and miR-216b-5p expression was down-regulated (P<0.05). Compared with
GES-1 cells, circEPSTI1 expression in HGC27 cells and HGC27/DDP cells was up-regulated (P<0.05), while
miR-216b-5p expression was down-regulated (P<0.05). Compared with HGC27 cells, circEPSTI1 expression in
HGC27/DDP cells was up-regulated (P<0.05) and miR-216b-5p expression was down-regulated (P<0.05). Over-
expression of miR-216b-5p could reduce the luciferase activity of wt-circEPSTII (P<0.05), but did not affect the
luciferase activity of mut-circEPSTI1. Compared with the si-NC group, cell proliferation inhibition rate, apoptosis
rate, Cleavea-caspase 3, Cleavea-caspase 9, and E-cadherin protein expression in the si-circEPSTI1 group were
up-regulated (P<0.05). The clone formation numbers, migration, and invasion cells were decreased (P<0.05), and
the expression of N-cadherin protein was down-regulated (P<0.05). Compared with the si-circEPSTI1+anti-miR-
NC group, cell proliferation inhibition rate, apoptosis rate, Cleavea-caspase 3, Cleavea-caspase 9, and E-cadherin
expression were down-regulated in the si-circEPSTI1+anti-miR-216b-5p group (P<0.05). The number of clone
formation, migration, and invasion cells increased (P<0.05), and the expression of N-cadherin protein was up-
regulated (P<0.05). The results showed that circEPSTII promoted the proliferation, clone formation, migration,
and invasion, and inhibited the apoptosis in drug-resistant gastric cancer cells by targeting the expression of miR-
216b-5p, thus promoting the drug resistance of gastric cancer cells to DDP. This mechanism may be related to the
change of apoptosis-related protein expression and the reversal of the epithelial-mesenchymal transformation pro-
cess.

Keywords  gastric cancer; cisplatin resistance; circEPSTI1; miR-216b-5p; cell proliferation; migration; invasion
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RNA(circular RNA, circRNA)FH RIE S BiEEL
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NBFIEAEGES-1. N BREMHGC27H4E
35 [ B A O 0 s IR B L RSBl 2 A ]
S 3 59w & R A EEEE LA Trizoli 7
Y3 5% [E Thermo FisherA #] ; f&2F il . DMEM
BRI A B S RAEMH ARG R A A ; Lipo-
fectamine™ 3000 Transfection Reagent#% 4|14
H 3¢ [ Invitrogen A 7 ; si-NC. miR-NC. anti-miR-
NC. si-circE+ PSTII. anti-miR-216b-5p-5miR-216b-
5p mimicsHI8 B M BB R A7) 5 20
A MEE AT R G RAR R AR mut-circEPSTI
5585 A RY AR wt-circEPSTIA A FH 55 [ Promega /s
7]; %Pt A Cleavea-caspase 3+ Cleavea-caspase BT A
) 3 O EERHECA PR A A 5 At A\ E-cadherin,
%t A\ N-cadherin. GAPDH4J {35 CSTA A ;
HRPARIE L EHT R IgG P 0.25% 5 5 1 Fg 3 1
H 2% E AbcamA 5 4 JE TR £ CCK-8
W77, Matrigel?& i i 5 Transwell/N = ¥ B b 5
EHRERARAA
12 7%
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0 AR KA 2 80%T, BL0.25% 5
Ak, AAREE TR H 0.1 png/mLIBTEA Y 35 77 2 55 57
HGC2740 /4, KHIZ IR EH S pg/mLE
10 pg/mL, HELLEE IR 14K, HGC2TA M vl 4735 T %
HIRFEAT0 pg/mLNGH 135 7= 5 vh, BISRAS i 245 74
B 4 ft HGC27/DDP.
122 k44 HGC27/DDPAIAELL10% /4L
FEM T 64U, FRr A M A= K G FE IS B 80% I 47
¥ 4 si-NC. si-circEPSTI1 LA Lipofectamine™
3000 Transfection Reagent#% il 71| 70 1) % Yt 2
HGC27/DDP4iNL, & si-NCA.\ si-circEPSTII
2H. ¥ si-circEPSTI1 A anti-miR-NC. si-circEPSTI1
1 anti-miR-216b-5p A Lipofectamine™ 3000 Trans-

fection Reagent¥% 44 ii 7] 73 Jil % 4 2 HGC27/DDP
M, ic N si-circEPSTI1+anti-miR-NC4 . si-
circEPSTI1+anti-miR-216b-5p4..

1.2.3 A% RE 5 R A B4k R (quantitative real-
time polymerase chain reaction, qRT-PCR)#& M|
circEPSTI1. miR-216b-5p& At $% Trizolil 7
UL P R R S5 441, B2, GES-141H.
HGC2741itl. HGC27/DDP4HL S RNA, PLER AN
J6 I e DA 2 2B 40 A e RNASIRE . 0 % 5%
SRR Z2(20 pL): 2 uL 5% gDNA 22409k, 2 uL 10%
Kingi¥f # s 22« 1 uL FastKingidi #% s BV 571 «
2 uL FQ- s 51 IR AW 2 pg RNA, LARNase-Free
ddH,O%M & . N Z&1E: 42 °C 15 min. 95 °C 3 min.
cDNAEAIEARAT QRT-PCRY 1 : 95 °CTHAE 4 2 min.
95 °CAF30 s« 60 °CiE k30 s, 72 °CLEfH30 s, fHFA
401K, Lk LightCyclerd80%4 %< i £ PCRAX (Roche
o8 A YRR 272493047 78 B4 HT circEPSTI
miR-216b-5pAH X} FRiLIKN-, GAPDHF U6 YN Z .
SIMFFUTR . circEPSTILIE[A 514 (5'— 3") AAG
CTG AAG AAG CTG AAC TC, X514 (5'—3")
GTG TAT GCA CTT GTG TAT TGC; miR-216b-5p1E
[ 5143(5'—3") TCT GAG AAA TCT CTG CAG GC,
S 514(5'—=3") CTC AAC TGG TGT CGT GGA G;
GAPDHIE [ 5| #)(5'—3") ACC AGG TGG TCT CCT
CTG ACT T, kI 51#)(5'—~3") AAG TGG TCG TTG
AGG GCA AT; UG6IE A 5% (5'—3") CTC GCT TCG
GCA GCA CA, kI 5% (5'—3") AAC GCT TCA
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216b-5pthfedm x 2 DARERIRBH AR, W circEPS-
TILFUN 45 4 miR-216b-5Sp AL AT 548, # cir-
cEPSTI1 4% 4 miR-216b-5p ) 284547 55 7 B 42 pGL3
JRoRL, N T 98 A8 B AR mut-circEPSTI. K
circEPSTI1 45 & miR-216b-5p/f7 55 LA 431 5 B 725 7
2 pGL3Ji AL, N T A4 2 B A B8 K wi-circEPSTI .
¥ iR % A& DA Lipofectamine™ 3000 Transfection Re-
agent’% YLk 714> %l 5 miR-NCE{ miR-216b-5p mim-
icsH % JuHGC27/DDPAI L, 37 °CHE & 24 h, A4
JROAERE 2% 't 2R i e

1.2.5 CCK-8%ipthmlsmitdgss W &HHGC27/
DDP4HAELL 1 000 /FLEEFN 2] 96FLHR , I CCK-8
10 uL/AL, B F5% CO,. 37 °CE:FRA N F72 h, LA
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1.2.7 AKX @R e R = & %A
HGC27/DDPZH i % ik B2 2 <1034 4L, LA H
B 443~5 min, 3 000 r/min’% #2505 min/5 7+ 138,
IMAPBSIEWUEIFAIM, IS5 uL Annexin V-FITCY
5 uL P, 37 °CHEEHE & 15 min, LAY 240 i S0k I 25
HAMR T,
1.2.8  Transwell 5 oA 4m fo42 22 BT 45 (c&
SLEG K4 HGC27/DDPAH LA 1 x 103 /LI Fh
T Matrigel & i 52 # BE R 1) Transwell F%, T =
I 600 WL A 10% 625 LIS I TR, 37 °CHEF7
48 h, HIE = R 5220 min, 1%45 R Y il = iR G
420 min, B MidRRZBAME . T HEA
HGC27/DDPAHAE LA L < 10°AN/4L B4 Fh T Transwell
b, RS RIS .
1.2.9 Western blot# ] 4m i Cleavea-caspase 3.
Cleavea-caspase 9. E-cadherin. N-cadherin®& @
kik %L HGC27/DDP4H I Ll RIPAZ i 4
2R ISR B SR, L BCAVER I R (1 48
¥ . i#it SDS-PAGE¥ 40 mg %20 HGC27/DDPl il
R F e 2 PVDFIR, IR0k i 1 1.5 h, 70
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caspase 9(FiFE L5 1:800). E-cadherin(#% & LL 5]
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PRI UM RS (R LE 1 1:5 000), 37 °CFEE 1 h,
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Hr B K AR
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BRI T Z M, ALIR) P9 R EL SR F LS D~ A7
FEA 56, PearsonAH M 70 M B i 76 3 i g 4 27

i circEPSTI1 5 miR-216b-5p i AH 5%, F GraphPad
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FEI1ERIEIF,
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5pFik FiA(P<0.05); WIK2.
2.3 circEPSTI1£E[ElmiR-216b-5p

circEPSTI1 Al miR-216b-5p 77 4E HA4NF 41 (4
3)e 5 miR-NCZLAHLL , miR-216b-5pZLAH X ¢ &
it % P B A (P<0.05), miR-216b-5p#] 5 miR-NC4]
(R 0 20 't 25 T I 14 22 e R 4 1 22 = L (P>0.05),
W1,
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HGC27/DDPAHREIETE . AT X R ER RIS
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PO TR (P<0.05), 50 R R A
(P<0.05); 5 si-circEPSTI1+anti-miR-NCZHAA L, si-
circEPSTI1+anti-miR-216b-5pZH ) 4H i 384 58 $l 1) 5% |
P T 3RPRAR (P<0.05), T B LAY & (P<0.05); L
K4, F2.
2.5 circEPSTI1#ImiR-216b-5p¥t B M Z5HGC27/
DDP4EREEH . 1RZZRIENT

5 si-NCA ML, si-circEPSTIZH TR . 1228
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A: B AL HcircEPSTI R 1L _Eif(n=52); B: B 4141 miR-216b-5p& ik N i(n=52); C: 1§ #4141 FcircEPSTII MmiR-216b-5p& 1A A1 56 1
(n=52); D: AATE B4 TCE(n=9); E: B JE4IME1circEPSTIR A (n=9); F: BJE4IMmiR-216b-5pFKIE(n=9). *P<0.05, w54l
Lk; “P<0.05, 5 GES-14/aLL; “P<0.05, SHGC274f 1L .

A: circEPSTII expression was up-regulated in gastric cancer tissues (2=52); B: down-regulated expression of miR-216b-5p in gastric cancer tissues
(n=52); C: the correlation between circEPSTII and miR-216b-5p expression in gastric cancer tissues (7=52); D: ICs value of cisplatin in gastric cancer
cells (n=9); E: circEPSTII expression in gastric cancer cells (7=9); F: expression of miR-216b-5p in gastric cancer cells (#=9). *P<0.05 compared
with adjacent tissues; “P<0.05 compared with GES-1 cells; “P<0.05 compared with HGC27 cells.

E1 circEPSTI1FImiR-216b-5pAIFRik
Fig.1 Expression of circEPSTI1 and miR-216b-5p
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anti-miR-NC anti-miR-21 6b-5p si-NC si-circEPSTI1

A: YTBRcircEPSTI AL B 5 circEPSTI 121K (n=9); B: flliillmiR-216b-5pAbHE FmiR-216b-5pIR 1A (n=9); C: JTEcircEPSTIIALEE J5miR-216b-5p
215 (n=9). *P<0.05, 5si-NCH1LL; "P<0.05, Hanti-miR-NCLLL.

A: circEPSTII expression after circEPSTII silencing (#=9); B: miR-216b-5p expression was inhibited after treatment with miR-216b-5p (n=9); C:
miR-216b-5p expression was silenced after circEPSTII treatment (7=9). *P<0.05 compared with si-NC group; “P<0.05 compared with anti-miR-NC

si-NC  si-circEPSTII

group.
B2 circEPSTI1FImiR-216b-5pAIFRiA
Fig.2 Expression of circEPSTI1 and miR-216b-5p

wt-circEPSTIL 5" gaageuggGCUUACAGAGAUUc 3’
LI
miR-216b-5p 3’ aguguaaaCGGACGUCUCUAAa 5’

mut-circEPSTI1 5’ gaagcuggGCUUAACCGACAGe 3’
RN SRR J5 R R 4

Red indicated the base sequence after the point mutation.
B3 circEPSTI1FImiR-216b-5pRI E4MF5
Fig.3 Complementary sequences of circEPSTI1 and miR-216b-5p
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Table 1 Dual luciferase reporter assay

paih . .

Group wt-circEPSTI1 mut-circEPSTI1

miR-NC 0.99+0.05 0.98+0.08

miR-216b-5p 0.34+0.05* 0.99+0.09

t 25.577 0.249

P <0.05 0.806

#P<0.05, HmiR-NCAH L. x+s, =9,
*P<0.05 compared with miR-NC group. ¥=£s, n=9.

(A) Si-NC si-circEPSTI1 si-circEPSTI 1 +anti-miR-NC  si-circEPSTI 1 +anti-miR-216b-5p
4 4. 4 4.
1070.71% a15%  19%087% 15320 10'J0.64% 1736%]  19'J0.63% 9.24%
10° 103 10° 10°]
= 1073 ] | E 0 = 10° = 10%
10 @ | 1014 ‘ : 10'4 10'7 o
309%% 2.840 177.07% 9% 740 ; ] 3.75%
TL 225 o ERNC AL NS LUAUK ..o ST RIS LR i SRR 10t e ieryes
10° 100 100 10° 10°  10° 10' 10° 10° 10*  10° 10' 10° 10° 10° 10° 100 10° 10° 10
Annexin V-FITC Annexin V-FITC Annexin V-FITC Annexin V-FITC

&4 circEPSTI1FImiR-216b-5pX} B M ZiHGC27/DDPLR A T- A S0
Fig.4 Effects of circEPSTI1 and miR-216b-5p on apoptosis of drug-resistant HGC27/DDP cells

#2 circEPSTI1HImiR-216b-5p%t B M ZAHGC27/DD P48 5E FF T RYS2 0
Table 2 Effects of circEPSTI1 and miR-216b-5p on proliferation and apoptosis of drug-resistant HGC27/DDP cells

G4 A% TT /% R
Group Inhibition rate /% Apoptosis rate /% Clone number
si-NC 0.00+0.00 7.09+0.34 116.22+6.73
si-circEPSTI1 47.88+2.22%* 22.42+1.34%* 58.22+4.44%*
si-circEPSTI1+anti-miR-NC 47.46+2.42 22.69+1.64 56.67+2.98
si-circEPSTI1+anti-miR-216b-5p 24.20+2.14% 13.25+0.90" 100.44+4.88"
F 1216.476 382.341 333.464

P <0.01 <0.01 <0.01

*P<0.05, 5si-NC41L; *P<0.05, Ssi-circEPSTI1+anti-miR-NC41 Lt X+s, n=9.
*P<(.05 compared with si-NC group; “P<0.05 compared with si-circEPSTI1+anti-miR-NC group. X=+s, n=9.

ZHAALL, si-circEPSTI1+anti-miR-216b-5pZHiLf%s. 17
220 O n(P<0.05); W33
2.6 circEPSTI1F miR-216b-5p%t B =it 25
HGC27/DDPHA I HE X E A FRIEHIF

5 si-NCA1AHEL , si-circEPSTI1 41 Cleavea-cas-
pase 3. Cleavea-caspase 9. E-cadherinZ 1314 I
1 (P<0.05), N-cadherin [ 32148 T i1 (P<0.05); Ssi-
circEPSTI1+anti-miR-NCZH A Lt, si-circEPSTI1+anti-
miR-216b-5pZH Cleavea-caspase 3+ Cleavea-caspase 9+

E-cadherin®g 1% N H(P<0.05), N-cadherin £ [ %

15 EI(P<0.05); W5, 4.
3 g

circRNA /& AT RARNAJE 1 J5 [7] B $: 7 1 1 A1 &
HIRRNAS 7, FH B A ZF AV DhRe, Har i
YU IGHE . T A AT NS cireRNATRT/E N
miRNA 45 45 43 1 17 #E o mRIN A 171 1 728 21 ffg 2F
YI2E i FE, B4, cirecRNAWE B A B 3% 25 1 O Th RED).

E%ﬁ%& 186 57, cireRNATE & i 4H LR i 24 1 rh 35
B, BT P miRNA/MRNA ST T4l 2 5 5 w41
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&3 circEPSTI FmiR-216b-5pX & & Z1HGC27/DDPLAIE B FRZ AR
Table 3 Effects of circEPSTI1 and miR-216b-5p on migration and invasion of drug-resistant HGC27/DDP cells

g4 SRREZ 2%

Group Migration cell number Invasion cell number
si-NC 233.44+14.83 173.56+8.07
si-circEPSTI1 112.78+6.37* 90.00+5.94*
si-circEPSTI1+anti-miR-NC 117.1146.28 86.56+4.92
si-circEPSTI1+anti-miR-216b-5p 192.67+8.65" 145.22+10.20%

F 335.122 286.762

P <0.01 <0.01

*P<0.05, Hsi-NCHLLt; "P<0.05, Ssi-circEPSTI1+anti-miR-NC4LLt . X+s, n=9,
*P<(0.05 compared with si-NC group; "P<0.05 compared with si-circEPSTI1+anti-miR-NC group. X=s, n=9.

Cleavea-caspase 3

Cleavea-caspase 9

N-cadherin|

GAPDH

Es S&HZEHGC27/DDPAIIELEERL
Fig.S Expression of related proteins in drug-resistant HGC27/DDP cells

*4 BEMZAHGC27/DDPAMMIEXERARIL
Table 4 Expression of related proteins in drug-resistant HGC27/DDP cells

i}j\riﬂup Cleavea-caspase 3 Cleavea-caspase 9 E-cadherin N-cadherin
si-NC 0.17+0.03 0.25+0.03 0.22+0.03 0.68+0.06
si-circEPSTI1 0.66+0.06* 0.74+0.06* 0.57+0.04* 0.31+0.04*
si-circEPSTI1+anti-miR-NC 0.65+0.06 0.74+0.07 0.57+0.05 0.29+0.04
si-circEPSTI1+anti-miR-216b-5p 0.33+0.03" 0.34+0.03" 0.29+0.03" 0.58+0.04"
F 235.833 235.427 206.797 163.000

P <0.01 <0.01 <0.01 <0.01

*P<0.05, Lsi-NC4Lt; "P<0.05, Hsi-circEPSTI1+anti-miR-NC4Lt . ¥+s, n=9.
*P<0.05 compared with si-NC group; “P<0.05 compared with si-circEPSTI1+anti-miR-NC group. X+s, n=9.

FL B i 24 1 ak RO
circEPSTIF UF B A Rk A R B H Rk,
#ﬂﬁi&ﬁﬂ%ﬁéﬁiﬂ@iﬁﬁﬁﬁﬁ 021, circEPSTI#E
s ke R 20 e 2H 23 S A M R R0 I (il
éﬁﬁ]ﬂ@i‘ﬁjﬁ 127831, {H circEPSTIZE B J AR i 24
PEA B AT RENLE AN A . ARBFTE R, BRALS
YU circ EPSTIN R A i, 1y B e i 24 14 40 B 1)
circEPSTI R IA = 5 T B 4, $&75 circEPSTIAE

B g i 25 PR A M (2R IE _HIR S5 5 0 i 24
P AR . BT, T4 circEPSTIIRIA, B il 2
P ) S8 B T o R v, R TR ORI, BT
Pt circEPSTI 1k n] 11 fi] 15 8 i 24 4 41 ffu 38 5 12 e
P . caspase 91E N caspase Bk e B _FiiF R 1,

H WIS J5 T JE Al Cleavea-caspase 9, F 3t — 20
TR T2HAT K F- caspase 31K Cleavea-caspase 3, {i¢
BEANMLIE T AR, TP circEPSTIRIX, 4
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