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[Abstract] Objective To investigate the effects of remifentanil (RF) on the proliferation and migration of endome-
trial cancer (EC) cells based on the forkhead box protein A1 (FOXA1)/Claudin 4 (CLDN4) pathway. Methods Human
EC cells Ishikawa were cultured in vitro and separated into Control group, L-RF group (5 ng/mL RF), H-RF group (500
ng/mlL RF), H-RF+pcDNA-NC group (500 ng/mL RF + transfected with pcDNA-NC), and H-RF + pcDNA-FOXA1
group (500 ng/mlL RF+transfected with pcDNA-FOXA1). QRT-PCR was applied to detect the relative expression levels
of FOXAT and CLDN4 mRNA of cells in each group. CCKS8 and clone formation were applied to detect the proliferation
of cells in each group. Scratch experiment was applied to detect the migration of cells in each group. Transwell experi-
ment was applied to detect the invasion of cells of various groups. Flow cytometry was applied to detect apoptosis of cells
in various groups. Western blot was applied to detect the expression of proliferating cell nuclear antigen (PCNA) , matrix
metalloproteinase (MMP)-2, MMP-9, and FOXA1/CLDN4 signaling pathway related proteins (FOXA1, CLDN4) of
cells in each group. Results Compared with the Control group, the survival rate, clone number, scratch healing rate, in-

vasion number., the expression levels of PCNA, MMP-2, MMP-9, FOXA1, and CLDN4 in the L-RF group and H-RF
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group were lower, while the apoptosis rate was higher(P<<0. 05). Compared with the H-RF group or H-RF+ pcDNA-NC

group, the survival rate, clone number, scratch healing rate, invasion number, the expression levels of PCNA, MMP-2,

MMP-9, FOXA1, and CLDN4 were higher in the H-RF + pcDNA-FOXA1 group, while the apoptosis rate was lower

(P<<0. 05). Conclusion
CLDN4 pathway.

RF may inhibit proliferation, migration, and invasion of EC cells by regulating the FOXA1/
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LR R & (155 . RO017M) . cDNA & ik 7 & (1%
S5:D7168M) W {1 H 3 = RAEYH AR AR
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F E Selleck 2~ ] ; % i 4 J& #5 A B (Matrix metallo-
proteinase, MMP)-2 (4% 5 :10373-2-AP) . MMP-9 (%
5:10375-2-AP) ,CLDN4 (%2 5 :16195-1-AP) Il H 3£
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0 440 A5 2, A CCKS8 ¥k (10 pL/fL) . 55 5%
FWER 2 h, B T ZIREREAR AL 450 nm AL I i 5 LAY
W YEAE (ODyso ) » 318 Ishikawa 4 I A7 16K .

1.2.2 #jsr4H ¥ Ishikawa 40 i Bt ML 5 S~ Con-
trol 21 .L-RF 41 \H-RF 4 .H-RF+pcDNA-NC 41 ,H-
RF+pcDNA-FOXA1 41, H  Control 21 A (AT faf
AL, L-RF 40 H-RF 4169 40 j 435 % 5.500 ng/
mL RF [ 5% 4 K5 35 H 15 955, H-RF + pcDNA-NC 41
v pcDNA-NC J5 % 500 ng/mL RF 1958 4 55
FeH B F5, H-RF + pcDNA-FOXA1L 4H % 4 pcDNA-
FOXA1 J5{# 4% 500 ng/mL RF Ay5¢ 4B 35 LR 5%
1.2.3 qRT-PCR #; ] Ishikawa # il  FOXAL.
CLDN4 fy33k i F RNA $h 4238 5] & 458 540 g 2
RNA, IR cDNA & Bk 7 & 17 cDNA & W, B
Pl cDNA R #E 17 PCR ¥ 3. fJa i 272
2, UL GAPDH AN 2,315 FOXAL,CLDN4 %3k 7K
. BIHITA L AR 1,

1.2.4 CCKS8 FFCReE P i 52 46 45 M Ishikawa 20 il 1Y
WarE  CCKS8. ¥ Ishikawa 4 it L2 000 cells/FLIEF
IS . H 1. 2. 2 4l i A AH R AT AL B .24 h
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%1 qRT-PCR3|#F 7
Table 1 qRT-PCR primer sequence

R 2 AEIRE RF 3 Ishikawa AEEEFRHZE(n=6.x t5)
Table 2 Effects of different concentrations of RF on the viability of Ish-

HH iS4 (5'-3") R3ial 4 (5'-3") ikawa cells

GCAATACTCGCCTTA TACACACCTTGGTAGT RF ¥ B (ng/mL) TEW R (Y)
FOXA1 000

CGGCT ACGCC 0 100. 00+0. 00
cipny  CTGTGCCTTGCTCACC  CCCTCTAAACCCGTCC 5 88.42+7. 86"
e GAAAC ATCCA 50 69.05+7. 009
cappH CATGCAGAAGGAGAT  GGGTGTAACGCAACTA 500 51.99+4. 200

CACTG AGTT 1 000 34. 76+£3. 489

(ODys50) » 715 Tshikawa 4 MIAF 16 56, SO RE IR B SE 5
B Ishikawa 40 g LA 500 cells/fLIEFIAE 6 FLAR ., B
B IR AT U SR S FE R [ O 45 S g L A R LS8
1T Ishikawa 40 i SR RESL

1.2.5 RIJESZEA I Ishikawa 4T H  # Ishikawa
HMLLL 2 X 10" cells/FL4ZFP#E 6 FL AR T, 40 J il 5 24
80 %6 ~90 % , JC T # W AR Sk 400 43 240 B, 4k 22 85 57 24 h,
%F 0,24 h BIE A M, 4811 Ishikawa 40 M %) 98 A& %,
1. 2.6 Transwell SE8 4G M Ishikawa 4 i 18 12 28
¥ Transwell b 5345708 IN4E Lo 1T & 09 25 e 5 76
I35 B RPMI-1640 85 5% 3 L B J5 A 804 K 491 19
Ishikawa 41 20 . [ B £ T = Hoin A& I3 1 RP-
MI-1640 58 455 FE 56, 4k 82 55 5% 24 h, [ 2 W R L 45
R YL, Jf 115 Ishikawa 40 {2 2850,

1.2.7 WA Hela 40 JHT: 4% Ish-
ikawa I LL 210" cells/FLILFI7E 6 FLARH . R
Annexin V-FITC/PT 4 Hd I T4 I 328 551 &, 76 3 =L 4n
JLAS HAS I Tshikawa 20 A9 P8 T2 3,

1.2.8 Western blot ¥l Ishikawa 4 ii 7 PCNA .
MMP-2 MMP-9, FOXA1,CLDN4 & H £k M
Ishikawa 2 ] 2% W 20 25 25 11, JF ] BCA ¥ 7€ it
MEASRE., BSOS SDS-PAGE 43 5 5 # 7
PVDF i I, =R 1 h J5 .76 4 C&MFET i H—
Ht PCNA(1:1 000), MMP-2(1:1 000), MMP-9 (1:
1.000) . FOXA1(1:1 000),CLDN4(1:1 000),GAP-
DH(1:1 000 R =& . Fif5 5 = 4ihFHi ek =
PURWFE 2 h, 38 BER BB R G 550, TH R
1 AH X R IR 7K

1.3 Seits#r i R SPSS 26. 0 B F k47 54 4%
AT, 45 B DL R hR i 22 (2 ) Fom . RATAA
BT i AT Z R JF AT SNK-q K 50 i — 2
PP tLE . P<0.05 WERAGITHE L.

2 SR

2.1 RFE WMk RE 5 MRHEE 6 Ishikawa
Y AR (P<<0. 05) (L3 2), R4 45 B3 1C,
=504. 53 ng/mL, K, #EH 5.500 ng/mL 525
¥ 1L-RF . H-RF 41 fdi 1 e 2 .

5 0 ng/mL L&, DP<0.05,

2.2 RF XF Ishikawa ZH i FOXA1.CLDN4 mRNA
kW EM 5 Control AAH ., L-RF %0 . H-RF 4
Ishikawa 20§ FOXA1,CLDN4 % 2% ik 7K F &A%
(P<<0.05); 5 H-RF #l 8 H-RF+ pcDNA-NC 41 ff
I, H-RF + pcDNA-FOXA1 % Ishikawa 4 g
FOXA1.CLDN4 #f X} 2 ik /K- F+ 8 (P<<0.05), UL
% 3.

% 3 RT3t Ishikawa £0 B FOXA1.CLDN4 mRNA RiEB &0 (n=
6.x£s)
Table 3 Effect of RF on FOXA1 and CLDN4 mRNA expression in Ish-

ikawa cells

25 FOXA1 CLDN4
Control £ 1.00=+0. 10 1.01+0. 11
L-RF 41 0.78+0.07® 0. 80+0. 089
H-RF 4 0.50+0.069® 0.4740.059®
H-RF+pecDNA-NC £ 0.49+0. 05 0. 48-+0. 04
H-RF+pcDNA-FOXA1 4] 0. 88+0. 099® 0.92+0.099®

E: 5 Control 41 1L#,DP<C0.05; 5 L-RF 41 L%, @ P<<0.05; 5 H-
RF 4 8. @ P<0. 05545 H-RF+pcDNA-NC 4] l#, @ P<0. 05,
2.3 RF Xf Ishikawa A B35 6052 W 5 Control
YUAHEE , L-RF 41 H-RF 41 Ishikawa 4fi fifi 09 47 15 2 |
SRR AR (P <<0.05); 5 H-RF 45 H-RF + pcD-
NA-NC 40 #f It , H-RF + pcDNA-FOXA1 4 Ishikawa
20 L 1) A7 15 3 SO BRI R (P<<0. 05) . L& 4 & 1,

% 4 RF X Ishikawa RIS SH I 208 (n=6.x £5)
Table 4 Effect of RF on Ishikawa cell proliferation

215 RN R () FLREEL (A
Control 41 100. 00£0. 00 130.57£9.98
L-RF 41 86. 36+8. 640 109. 88+9.13®
H-RF 41 51.13+4. 1109 63. 75+5. 3809
H-RF-+pcDNA-NC £ 52.34+4. 35 65.11+5. 55

H-RF+ pcDNA-FOXA1 4 90.26+8. 0399 119.63+8. 9699

5 Control 41 L%, OP<<0.05; 5 L-RF 4 IL 4. @ P<0.05; 5 H-
RF 4 He 4, @ P<<0. 05; 5 H-RF+pcDNA-NC 4 I 4%, @ P<<0. 05,

2.4 RF X Ishikawa 40 fiiE#2 B9 52 M1 5 Control
AL, L-RF 4 ,H-RF 4 Ishikawa 4l i i) QIR A &
AR (P<<0. 05) ; 5 H-RF#H 8 H-RF + pcDNA-NC
40 Mk . H-RF + pcDNA-FOXA 1 244 Ishikawa 41l Jiig 1)
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Figure 1 Colony formation assay to detect Ishikawa cell proliferation

VR AT AR A5 (P<0.05), WE5.E 2.
2.5 RF *f Ishikawa i IR 225 5 Control
A, L-RF 40 . H-RF 4 Ishikawa 20 Jifd 4 {2 22 50 F%

% 5 RF ¥ Ishikawa 0BT R AR M0 (n=6,x +5)
Table 5 Effect of RF on Ishikawa cell migration

I (P<C0. 05) ;55 H-RF 4l H-RF+pcDNA-NC 4 #f
It . H-RF 4+ pcDNA-FOXA1 4 Ishikawa 4f Jfi i 12 28
BT (P<<0.05), W% 6./ 3,

% 6 RF 3 Ishikawa B Z MMM (n=6,x £s)
Table 6 Effect of RF on Ishikawa invasion

45 WIRAAE RO 4151 REE A
Control 41 77.59+8.01 Control 41 109. 45£8. 95
L-RF 44 60.68+6. 077 L-RF #4 90.32+7. 359
H-RF 41 37.97+3. 8009 H-RF 41 54.78=+5. 480®
H-RF+pcDNA-NC 41 35.56+£3. 57 H-RF+pcDNA-NC 41 56.69=£5. 65
H-RF+ pcDNA-FOXA1 4 67. 4445, 7490 H-RF+pcDNA-FOXA1L 4 100. 11+£9. 019@

. 5 Control 4114, DP<0.05; 5 L-RF 41 L4, @ P<<0.05; 5 H-
RF 41 H#, @ P<0. 0535 H-RF+pcDNA-NC 4 L%, @ P<0. 05,

Control4d

Ohg

24h

H-RF41

.5 Control A & ,DP<<0.05; 5 L-RF 4 &, ®P<0.05; 5 H-
RF 4 b # , @P<<0. 05; 5 H-RF+ peDNA-NC 4l # , @ P<<0. 05,

H-RF+pcDNA-NC4l ~ H-RF+pcDNA-FOXA14

E 2 XIJRSEIEH T Ishikawa 20 &9 5E 78 (200X)

Figure 2 Scratch assay to detect Ishikawa cell migration

Control4d

L-RF4

H-RF41

H-RF+pcDNA-NC4

B 3 Transwell L3846 7 Ishikawa 28 ff B 12 22 (200 X)

Figure 3 Transwell assay to detect Ishikawa cell invasion

2.6 RF X} Ishikawa I - 5 Control
HAH L, L-RF 40 . H-RF 2 Ishikawa 28 Jfd 09 98 17 % 5
5 (P<<0.05) ;5 H-RF 48 H-RF+pcDNA-NC 4

H , H-RF + pcDNA-FOXA1 24 Ishikawa 40 I8 49 98 7=
REFEM(P<0.05), WHF 7.4,
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% 7 RF 3 Ishikawa @A T MM (n=6,x £5)
Table 7 Effect of RF on apoptosis of Ishikawa cells

21 51 T D
Control 24 2.16+0. 22
L-RF 4 19.53+1. 959
H-RF 4 41.09+4. 1109
H-RF+ pcDNA-NC 4 43.12+4. 31
H-RF+ pcDNA-FOXA1 4 11. 3441, 1499

1 : 5 Control 4 L4, OP<<0.05: 5 L-RF A L, @ P<0.05; 5 H-
RF A H# . @ P<0. 0535 H-RF+pcDNA-NC 4 %5, @ P<<0. 05,

2.7 RF Xf Ishikawa Zi il f* PCNA,MMP-2, MMP-
9.FOXA1.CLDN4 A £EMEM 5 Control 41
M, L-RF 41, H-RF 4 Ishikawa 40 i f PCNA,
MMP-2, MMP-9, FOXA1l, CLDN4 # ik 7k *F f% ik
(P<<0.05); 5 H-RF #H3 H-RF+ pcDNA-NC 4
I, H-RF + pcDNA-FOXA1 4 Ishikawa 4 g
PCNA.,MMP-2, MMP-9, FOXA1, CLDN4 % ik /K 3¢
THE (P<<0.05), W& 8. K 5,

Control4 L-RF41 H-RF41 H-RF+pcDNA-NC4. H-RF+pcDNA-FOXA 141
4 4 4 4 4
10 10 10 10 10
10* 10 10* 103 104
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Figure 4 Flow cytometry to detect Ishikawa cell apoptosis

% 8 RF X Ishikawa 4 ffl 8 PCNA ,MMP-2 ,MMP-9 . FOXA1.CLDN4 & § &% &

2 (n=6.xxs)

Table 8 Effect of RF on the expression of PCNA, MMP-2, MMP-9, FOXA1 and CLDN4 proteins in Ishikawa cells

21 5 PCNA MMP-2 MMP-9 FOXA1 CLDN4
Control £ 1.00+0. 10 1.83+0.18 1.51+0. 15 2. 03+0. 20 1.76+0.18
L-RF 4 0. 87+0. 099 1. 45+0. 159 1.32+0. 139 1.59+0. 169 1.41+0. 149
H-RF 41 0.49+0. 0592 0.91+0.099® 0. 75+0. 080® 1. 04+0. 109@ 0. 84+0. 080®
H-RF+pcDNA-NC 41 0.51+0. 05 0. 9040. 09 0.77+0.08 1.01+0. 10 0. 83+0. 08
H-RF+pcDNA-FOXAT 4 0.94+0.099® 1. 6540. 179@ 1. 4240, 1499 1. 8040. 189 1.59+0. 169®

.5 Control 4 L%, D P<0. 05;5 L-RF 4 b4, @ P<<0. 05; 5 H-RF 41 [b#, @ P<<0. 05; 5 H-RF+pcDNA-NC 4 L%, @ P<<0. 05,
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B 5  Western blot #& il Ishikawa £H i F PCNA, MMP-2, MMP-9,
FOXA1.CLDN4 & B & i
Figure 5  Western blot to detect the expressions of PCNA, MMP-2,

MMP-9, FOXA1 and CLDN4 protein in Ishikawa cells
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NBR2/miR-650/TIMP3 % 41 ] JFF %5 44 MO (1 38 %8 , iF
Bz 28, e D g — L UE M, RE 58 55 B K In-
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AT AEVE L L 45 51 WoR , RE ] 25 BRI EC 41 Ish-
ikawa 2 il B9 A7 35 % RDE @ G R R B E L PCNA,
MMP-2 \MMP-9 & {4 & 1k , 1 900 1 40 il 4 3% 5 L 1T
B RZERe D) AR T & XK REAE R
— R B Z AR HLSI0 25 8 A AT R S A B
JZ BN T HAE PR IR R B T E R
W1, TR B — BB A RBUR YT T B O EC BRE A
O B AT B YA Y AR RN A 3 A

FOXAL j& FOX # 5¢ AT Z R w2 — 0, ik
hy I 440 B A TR 3o, L B W2 A6 I v & B, OF 9
BRI EEAM o -PURE A RL S G0
FEO R L, FOXAL 5 NK2 W & 1 WhE ., 76 il
R e L R AEAE R, 0 5 LRI e R AT G,
Sl 22 B BF S HRGE . FOXAL (9 £ 38 5 £ Rl A28 9 iE
A K, CLDN4 & I K7 40 i 5 % 3% 32 0 5 B B 4%, 16
2Tl b R 2 P g v v 3R Gk L O 5 i e g R A DG
TEB N, B FOXAT 6 1k £ 3 55 7 40 i 19 808
PERS . i CLDN4 75 % Bt IR 8% 1 52 0 v i i 3% 5k
HE—2 AR HE T Bh o e R AR R, 7E EC o,
FOXA1 fil CLDN4 By 5 % K5 [F FE 51 & T ¢,
FOXAL @ik 5 EC @439 U2 Kbk 2 45 =250 55 0%
PERFAEAR S, i CLDN4 _E 3 D4 #F EC 40 4 5 5
EBAUZZERE S FEARIE I 45 B rp  RE 7] B IK
FOXA1.CLDN4 mRNA K & [1 /) £ 35 , 3 #] Ishika-
wa Z ML 3G 5 R R 2 L R 0 AR T H e Rk
FOXAL 1] &8 43 3% % RF X} Ishikawa 4 g (0 40 1 /5
M. 5 Peng ZUMY AL, FOXAL A 3 5% CLDN4
(%% 5%, M FOXAL/CLDN4 ] 411 ] PI3SK/AKT
(R Ak 5 Boe ¢ B 1k 5 9 200 6 1 358 3, O B iR 28 . W
48, RF 0] 38 53 8 35 FOXA1/CLDN4 3 #% . 4 i
Ishikawa ZH i34 58 EF8 AR 28 (2 F 40 L 0/ T
4 it

RF A E 218 14 1875 FOXA1/CLDN4 3 #% . 31 i
Ishikawa 4 Jl /) 3 5 L iE B8 1228, (2 dE 40 ML R 720 oK
EC IR Y7 JEAUE B SR & . SR 1M A 9F 5% AN 7 40 i 52 50 1 443
TR RAE, X T FOXAL/CLDN4 85 1y H A& &
BABTRHEAMSE . A, RE 76 A Y 68 7 A 5500
EC M &A= TR J& 38 75 B2 047 7R 9 580 PR 3 56 1F —
B,

(5% 30k
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