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Mechanism of miR-338-3p affecting esophageal cancer cell proliferation,
migration, invasion and apoptosis by targeting WNK1
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[ Abstract]  Objective To investigate the molecular mechanism of miR-338-3p in the proliferation, migration,
invasion, and apoptosis of esophageal cancer cells and its targeted regulation of WNK1. Methods Human normal
esophageal epithelial cell line Het-1A and human esophageal cancer cell lines Eca-109, EC-1, and EC9706 were cultured
in vitro. The expression levels of miR-338-3p and WNKI1 were measured by qRT-PCR and Western blot, respectively. In
EC9706 cells, miR-con, miR-338-3p mimics, si-con, si-WNK1, miR-338-3p mimics and pcDNA, and miR-338-3p
mimics and pcDNA-WNKI1 were transfected into EC9706 cells. MTT assays were used to detect cell proliferation, flow
cytometry was used to detect apoptosis, and Transwell assays were used to detect migration and invasion abilities. A dual
luciferase reporter assay was used to assess the relationship between miR-338-3p and WNK1. Results Compared with Het-

1A, the expression levels of miR-338-3p in esophageal cancer cell lines Eca-109, EC-1, and EC9706 were reduced
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significantly (P<0.05) and the expression levels of WNKI mRNA and protein were increased significantly (P<0.05).

Transfection of miR-338-3p mimics or si-WNKI significantly reduced the viability, migration, and invasion of EC9706 cells

(P<0.05), and increased the apoptosis rate of EC9706 cells ( P<0.05). The dual luciferase reporter assay confirmed that
miR-338-3 targeted WNKI1. Cotransfection of miR-338-3p mimics and pcDNA-WNK1 obviously reversed the effects of miR-

338-3p mimics on cell proliferation, migration, invasion, and apoptosis. Conclusions MiR-338-3p downregulates WNK1

in esophageal cancer, thereby inhibiting the proliferation, migration, and invasion of esophageal cancer cells and inducing

apoptosis.
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con, miR-338-3p mimics . si-con . si-WNK1 | miR-338-
3p mimics 5 pcDNA  miR-338-3p mimics 5 pcDNA-
WNK1 #4¢ 2 EC9706 4ifi, 43 iC/E miR-con 41
miR-338-3p £ . si-con £ ,si-WNK1 2, miR-338-3p +
pcDNA £H  miR-338-3p + pcDNA-WNK1 41, [a] iif %%
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5’ -TGCTTCCAGCATCAGTGAT-3" ; WNKI1 1F [ 5|4
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FEH AR B E ST Het-1A 401 ( P<0.05) , %
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FEFNFESAAT

DL 2 36 2, MTT % it 220 A 43 5 A 00 248 e
W M P T2, K Western blot ¥ £ ] PCNA |
Cleaved caspase-3 £ [ ik i1, 45 7R, miR-338-
3p HEEIE AN EC9706 141 L% J1 . PCNA 1
FoR KT miR-con 41 ( P<0.05) , 11 20 M I8 7 Al
Cleaved caspase-3 2 FH &5 2 3 5 T miR-con 4
(P<0.05) . M miR-338-3p i KL AEALIN I %
Ie A M 15 5 S AR AR T
2.3 ¥ miR-338-3p # R E E M ECI706 i
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Transwell S 56 46 I 28 il T #8 I 12 28, Western
blot %A MMP-2 MMP-9 & /K, 45 R B R, 5
miR-con 2 L3R ,miR-338-3p 4 EE AN EC9706
RIS 20 O 1R 22 40 L 80 . MMP-2 MMP-9 45 [ 7K
PR FFER(P<0.05) , WK 3 % 3, K W] miR-338-
3p i Rk AT AR A LT R SR

R 1 qRT-PCR RN IEH B 1 5 20 R B A
miR-338-3p F1 WNK1mRNA f{)3¢3k & Western blot
Rl WNK1 35 B35 (x45,n=9)

Table 1 gRT-PCR to detect the expression of miR-338-3p and
WNKImRNA in normal esophageal epithelial cells and
esophageal cancer cells, and Western
blot to detect the expression of WNK1 protein

Y
c]::) f)s miR-338-3p  WNKI mRNA %ﬁlpﬁzn
Het-1A 1. 04+0. 07 0.99+0. 12 0.34+0. 04
Eca-109 0.52+0.08 " 4.04+0.40" 0.53+0.06 "
EC-1 0.48+0.06 " 4.58+0.45" 0.69+0.07 "
EC9706 0.39+0.05" 5.15+0.48" 0.82+0.08"
F 178. 121 204. 239 93. 745
P 0. 000 0. 000 0. 000
¥ 5 Het-1A A LLEL, * P<0.05,
Note. Compared with the Het-1A group, * P<0. 05.
Het-1A  Eca-109 EC-1  EC9706

WNKD o e —

actim R S

B AR AR R WNKT RIS
Figure 1 WNKI1 protein expression in normal esophageal

epithelial cells and esophageal cancer cells
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T A miR-338-3p X4l PCNA | Cleaved caspase-3 £ [R5 KGN ; B . 75 Y miR-338-3p X401 JH T A4,

2 YL miR-338-3p XTEEEANNL ECI706 YT H PCNA Cleaved caspase-3 2 3354 M5 1
Note. A, Detection of PCNA and Cleaved caspase-3 protein expression in cells by transfection of miR-338-3p. B, Detection of
cell apoptosis by transfection of miR-338-3p.

Figure 2 Biological effects of miR-338-3p transfection on apoptosis and expression of PCNA and cleaved
caspase-3 protein in esophageal cancer cell line EC9706

*®2 M miR-338-3p ST EC9706 HT-F1 PCNA .Cleaved caspase-3 B TR (xxs ,n=9)
Table 2 Biological effects of miR-338-3p transfection on apoptosis and expression of PCNA and cleaved caspase-3 protein
in esophageal cancer cell line EC9706

4341 Groups miR-338-3p PCNA Cleaved caspase-3  ZHMEIT-3 (%) Cell apoptosis rate AR J1 (%) Cell viability
NC 0. 98+0. 08 0. 58+0. 07 0.22+0. 02 2.92+0. 35 101. 32+5. 44
miR-con 0.94+0. 11 0. 62+0. 08 0.25+0. 03 3.45+0. 56 97.36+6. 58
miR-338-3p 7.58+0.68*  0.29+0.06" 0.72+0. 07 * 15.26+1.44" 63.45+5.93 "
F 820. 192 58.772 342. 435 523.627 108. 266
P 0. 000 0. 000 0. 000 0. 000 0. 000

5 miR-con ZHAHLEL, * P<0.05,
Note. Compared with miR-con group, * P<0. 05.

NC miR-con miR-338-3p

pe: 2

Migration

£

Invasion

T AT miR-338-3p XTAIMLIERS (RAR MM ; B 5% miR-338-3p XTAHALrF MMP-2 1l MMP-9 ZE F ZIA R,
3 %Y miR-338-3p X E AN £C9706 HiEH fR7E MMP-2 Al MMP-9 2 [ X IR
Note. A, Detection of cell migration and invasion by transfection of miR-338-3p. B, Detection of MMP-2 and MMP-9 protein expression in
cells by transfection of miR-338-3p.
Figure 3 Effects of miR-338-3p transfection on migration, invasion and expression of MMP-2 and MMP-9 in EC9706 cells
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BEEYE(P<0.05) , 1 % MUT-WNK1 %¢ % 2 B 7% P
T WM (P>0.05) , W% 4, 5 miR-con 41 %%,
miR-338-3p AN WNK1 8 17K 7 i R (P<
0.05) ; 55 anti-miR-con 4 L%, anti-miR-338-3p 41
YA WNK1 2 1 7KF 8 3 7R (P<0.05) , UL A
4B %5, #H miR-338-3p Al §l[a 454 WNK1, -]
R WNKL B8,

2.5 E WNK1 i S EREMAMmIGHE, T
2%

MTT 7% | 9 24 AR | Transwell 5255 43 51 K il
ARG 1 TR A8 MR 58, Western blot 7245 01
PCNA MMP-2 MMP-9 Cleaved caspase-3 & 17K,
RN, 5 si-con 41 HLHR, si-WNK1 41 EC9706 4fl
JL3% J1 . PCNA  MMP-2 Fl MMP-9 & [ %35 i 8 3%

W/ T EC9706 L JH TR F1 Cleaved caspase-3
FI7KSF- B 8 4 5, 3 % 200 Jf 5505 1= 2% 400 i 250 0 25 0k
B (P<0.05) , WLIEI 5 .3k 6, FWITTER WNKL A] #i ]
A M G R R SR
2.6 JTFiX WNKI1 #5 iF 5 miR-338-3p X R &
= R R I 4E F

MTT ¥ 4 AR | Transwell 5256 43 5 & )
AHHE 7 TR TR MR 28, Western blot 4 5 il
PCNA \MMP-2 MMP-9 Cleaved caspase-3 £ H 7K,
5K, 5 miR-338-3p +pcDNA 41 &7, miR-338-
3p +pcDNA- WNK1 2 EC9706 41l i 3% J1 .PCNA |
MMP-2 MMP-9 & [ 7KF- It miR-338-3p +pcDNA 4
2B, B EC9706 40 i U T 2 il Cleaved
caspase-3 £ I 7K F# miR-338-3p +pcDNA 41 g 3
/b, H EC9706 40 ML T % = 22 40 M £ L miR-
338-3p +pcDNA 4 i F 4 = (P<0.05) , W& 7 &l
6, KW WNKI & LIFREEFEPT miR-338-3p #f Kk
AR AN A B R AR R IR

£ 3 Y miR-338-3p MBI EC9706 TR MR 28 (xs,n=9)
Table 3 Transfection of miR-338-3p inhibits migration and invasion of esophageal cancer cell line EC9706

S IR A% Y %
G]iups MIMP-2 MMP-9 Cell mi:itii@ffmber Cell jlj:ﬁlff@ né?lzmher
NC 1. 12+0. 09 0.77£0. 08 294.53£15.73 127. 64£8. 37
miR-con 1.15+0. 11 0. 74£0. 08 278.59£19. 17 117.92£11.70
miR-338-3p 0.62£0.07 * 0.44£0.05 114.04£8. 48 62.64+5.74*
F 95.343 58.765 392. 503 138.349
P 0. 000 0. 000 0. 000 0. 000
.5 miR-con ZAH LEE, * P<0. 05,
Note. Compared with the miR-con group, * P<0. 05.
N
A b S 9‘*’%‘ &
WNK1 3UTR-WT  5' UUUCCCAGUGUUGCUUGCUGGAC 3 S & & &
miR-338-3p 3 GUUGUUUUAGUGACU/iC'G'/!Cl('Zlﬂ 5 WAET s o — D
WNK1 3UTR-MUT  5' UUUCCCAGUGUUGCUACGACCUC 3 fractim | PGS S—

1 A:miR-338-3p 5 WNK1 f#7E HAMNT 41 ;B Western blot #:ll WNK1 25 [ ik =,
B 4 miR-338-3p 5 WNKI 7A€ HAMNTHI I WNKL & 35

Note. A, miR-338-3p and WNK1 had complementary sequences. B, Western blot was used to detect the expression of WNKI protein.

Figure 4 miR-338-3p has complementary sequence with WNKI1 and regulates WNKI1 protein expression

R4 BOOCEMHR IR (32s,n=9)

Table 4 Double luciferase report experiment

5 miR-338-3p # M) WNK1 £iE (x+5,n=9)
Table 5 miR-338-3p targets WNKI1 expression

JrH Bt RALA
Groups WNK1WT-WNK1 WNKIMUT-WNKI1
miR-con 1. 07+0. 07 1.12+0. 09
miR-338-3p 0.55+0.08 " 1. 15+0. 08
t 14. 675 0.747
P 0. 000 0. 466

I : 5 miR-con 41ELEL, * P<0.05,
Note. Compared with miR-con group, * P<0. 05.

432 Groups WNK1
miR-con 0. 63+0. 06
miR-338-3p 0.28+0.04 "
anti-miR-con 0. 58+0. 06
anti-miR-338-3p 1.25+0. 09*
F 353.112
P 0. 000

7 . 5 miR-con 4 H4E, * P<0. 05; 5 anti-miR-con 4H 48, * P<0. 05,
Note. Compared with miR-con group, *P<0.05. Compared with anti-
miR-con group, *P<0.05.



90 rh ) e B 2 2k 7 2021 4F 10 H 45 31 %55 10 11 Chin J Comp Med, October 2021, Vol. 31, No. 10

A A10‘1 10* T 10*
10’1= » 10’1§ 10’1=
o | ; 107; 101;
101_-: 101_- 101_-
= = =
0% -rrrmyrrfoy vy 40°~ ooy 40~ -yt
10° 10' 10* 10° 10* 10° 10' 10* 10° 10* 10° 10' 10° 10° 10%

Annexin V-FITC
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Cleaved caspase-3
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B-actim | —

AL TTER WNKT %40 08 T A6 I 5 B . T2k WNK1 X 41 rh WNK1 . PCNA MMP-2 K2 MMP-9 & [ 235 6 5 C . T8k WNK1 X 41 i iF 7% (= 22
ARG

S 8

B5 PUER WNKI XTI £C9706 JAT: iEA fRZEH WNK1,PCNA \MMP-2 J MMP-9 £ 1315 #9525
Note. A, Silencing WNKI to detect cell apoptosis. B, Detection of WNKI, PCNA, MMP-2 and MMP-9 protein expression in cells by silencing WNKI. C,
Detection of cell migration and invasion by silencing WNKI.
Figure 5 Effects of WNKI silencing on apoptosis, migration, invasion and protein expression of WNK1, PCNA, MMP-2 and
MMP-9 in esophageal cancer cell line EC9706

F 6 UUBR WNKI | e 40 ECO706 R A IEFE AR ZE (2+s,n=9)
Table 6 Silencing WNK1 inhibits proliferation, migration and invasion of esophageal cancer cell line EC9706

TR RZRAREL AIRIETIR(%) AR

¢ Cleaved
S WNKI PCNA eave MMP-2 MMP-9  Cell migration  Cell invasion Cell apoptosis (%)
Groups caspase-3 .
number number rate Cell viability
NC 0.71+0.07 0.55+0.04 0.25+0.02 0.73+0.05 0.61+0.04 291.53+18.26 121.94+9. 84 3.25+0. 65 99. 72+5. 49

si-con  0.68+0.05 0.52+0.05 0.28+0.03 0.70+0.07 0.63+0.06 285.07+19.42 114.34x11.96 3.82+£0.76  95.37+7.41
si— WNKI 0.17+0.04" 0.22+0.03* 0.82+0.08" 0.35+0.03" 0.32+0.05" 94.43+8.27"  55.07+6.64" 15.81+1.54"  68.68+5.86 "
F 276. 300 179. 820 360. 818 145.193 105. 545 434,622 127. 450 402. 845 63.879
P 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
¥ 5 si-con 41 1LEL, * P<0.05,
Note. Compared with the si-con group, * P<0. 05.

£ 7 miR-338-3p it Feik WNKI #Il & B 40 ECI706 Hi4H T B M8 (a+s,n=9)
Table 7 miR-338-3p and WINK1 overexpression inhibit proliferation, migration and invasion of esophageal cancer cell line EC9706

i 4% 2 2 272N 2 ML T (% ;
B! Cleaved e Eﬁﬂﬂﬁ {’izz [HH@#( FUAA T2 .O)QEHH@YECJ'J(%>
WNK1 PCNA MMP-2 MMP-9 Cell migration  Cell invasion Cell apoptosis .
Groups caspase-3 Cell viability
number number rate
miR-338- 0.35+0.05 0.28+0.04 0.68+0.05 0.32+0.06 0.39+0.04 113.37+18.48 51.86=+6.64 15.92+1.53  98.31+8.46
3p+pcDNA
miR-338-
3p+pcDNA- 0. 54£0. 06" 0.63+0.07" 0.44£0.06" 0.78+0.07" 0.65+0.06"194.58+12.26" 84.27+7.39" 7.28+1.06" 142.54+15.83 "
WNK1
F 19. 359 13. 024 9.219 14. 968 10. 817 10. 994 9.787 13.926 7.393
P 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000

7 ;5 miR-338-3p+pcDNA 4 LL#5, * P<0.05,
Note. Compared with miR-338-3p+pcDNA group, * P<0. 05.
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Figure 6 Effects of miR-338-3p and WNK1 overexpression on apoptosis, migration, invasion and protein expression of WNK1,
PCNA, MMP-2 and MMP-9 in esophageal cancer cell line EC9706
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