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Effect of miR-524-5p on Epithelial-mesenchymal Transition in Esophageal Cancer Cells
by Regulating HEG1 Expression
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Abstract: Objective To investigate the mechanism and the effect of miR-524-5p regulating HEG1
expression on the proliferation and epithelial-mesenchymal transition of esophageal cancer cells.
Methods The expression levels of miR-524-5p and HEG1 mRNA in esophageal cancer cells and normal
esophageal epithelial cells were detected by qRT-PCR. KYSE30 cells were divided into miR-524-5p mimic
group, miR-524-5p NC group, miR-524-5p mimic+pcDNA3.1 group, and miR-524-5p mimic+pcDNA3.1-
HEG1 group. Non-transfected cells were set as the normal control group (group Control). CCK-8 method was
applied to detect the proliferation ability of KYSE30 cells. Western blot analysis was conducted to detect the
expression of proteins related to EMT, invasion, and migration and the HEG1 protein. Scratch and Transwell
assays were applied to detect the migration and invasion abilities of KYSE30 cells. A dual-luciferase reporter
gene was used to examine the targeting relationship between miR-524-5p and HEG1. Results miR-524-
Sp was lowly expressed in four esophageal cancer cell lines, namely, TE-1, KYSE30, KYSE150, and NEC
(P<0.05). KYSE30 cells with the lowest expression level were selected for subsequent experiments. HEG1
mRNA was highly expressed in four esophageal cancer cell lines (P<0.05). The GEPIA database showed
that HEG1 was highly expressed in esophageal cancer tumor tissues (P<0.05). KYSE30 cells in the miR-
524-5p mimic group had lower proliferation ability, colony formation number, mesenchymal marker protein
expression, and migration and invasion abilities and upregulated epithelial marker protein E-cadherin
level than cells in the miR-524-5p NC group (P<0.05). The miR-524-5p mimic+pcDNA3.1-HEG1 group
significantly reversed the inhibitory effect of overexpression of miR-524-5p on the proliferation, epithelial—
mesenchymal transformation, invasion, and metastasis of KYSE30 cells (P<0.05). The luciferase activity of
cells in the miR-524-5p mimic and WT-HEGI co-transfection groups was lower than that in the miR-524-5p
NC and WT-HEG1 co-transfection groups (P<0.05). Conclusion miR-524-5p is lowly expressed in EC cells
and tissues. The overexpression of miR-524-5p can negatively regulate the expression of HEG1 in esophageal
cancer cell line (KYSE30 cells) and reduce the proliferation, EMT process, and invasion and migration
abilities of KYSE30 cells.
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Table 1 PCR primer sequences

Genes Primer sequence

miR-524-5p Forward: 5'-CTACAAAGGGAAGCACTT-3'
Reverse: 5'-GAACATGTCTGCGTATCTC-3’

U6 Forward: 5'-CTCGCT TCGGCAGCACA-3’
Reverse: 5'-AACGCTTCA CGAATTTGCGT-3'
HEG1 Forward: 5'-AAGGAACCGAGTGATTGTGG-3'

Reverse: 5'-ACGTGAAGCTGGGCTGTACT-3'
Forward: 5'-CTGGGCTACACTGAGCACC-3'
Reverse: 5'-AGTGGTCGTTGAGGGCAATG-3'

GAPDH

( miR-524-5p mimic+pcDNA3.141 ) Fidki% g
miR-524-5p NCHIpcDNA3.1-HEG1 ( miR-524-5p
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2.1  miR-524-5pFIHEG 176 A\ £ 09 20 M FLE 3 £
A R
miR-524-5p7F B AMIMTE-1, KYSE30,
KYSE150, NECH %5 B &Rk, HEGI
mRNAFX F ARSI R PR E FE (3
P=0.000) , W2, BHITEEE R miR-524-
SpAfiFRik, HEGlE KiK., AL HEFmIR-524-
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Table 2 Relative expression of miR-524-5p and HEG1 in

several esophageal cell lines

Relative expression Relative expression

OIS of miR-524-5p of HEG1 mRNA
HEEC 1.00+0.04 0.58+0.04
TE-1 0.55+0.03" 1.85+0.12"
KYSE30 0.43+0.05" 1.92+0.09"
KYSE150 0.68+0.06" 2.01+0.15"
NEC 0.62+0.04° 1.88+0.16

Note: *: P<0.001, compared with HEEC cell line.

22 HEGIEEERAS AL SEHL P IRE
TEGEPIAZE Erf, HEGIfE BB ImAL R
KB ERTIEFEEHS (P<0.05) , WAL
2.3 KYSE3040 iUt sfie
724 . 48, 72hif, miR-524-5p NCZHl
ControlZH K YSE304 i3G5 RE /7 LA, 225734
TgiitE X ($#P>0.05) , 7E24 hif, 5miR-
524-5p NC41 H.#%, miR-524-5p mimic41KYSE30
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(mum(T)=182; num(N)=286)
ESCA: esophageal carcinoma.
Ell HEGIZEREEALAMEZREAADHRE
Figure 1 Expression of HEGI1 in esophageal cancer tissues

and normal esophageal tissues

IS A e ) 22 /LGt L (P>0.05)
Hmimic+pcDNA3. 141 L%, miR-524-5p
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B W34 EE (P=0.000) ; fE48 hF172 hisf, SmiR-
524-5p NCA 4%, miR-524-5p mimicZHKYSE30
2 L 1 7 e 0 B R A (3P=0.000) , 5 miR-
524-5p mimic+pcDNA3. 14 %, miR-524-5p
mimic+pcDNA3.1-HEG 1 1KY SE3 041 fits 4 4 it /1
Bl g9 (¥9P=0.000) , W3,
2.4 KYSE304HJifd e I %

miR-524-5p NCZ{ (385.13£17.12 ) FiControl
2 AN O T BB (387.88+16.04) A, %2R
Tt L (P>0.05) ; 5miR-524-5p NC41
Fe#, miR-524-5p mimicZH (K'Y SE304H iy ve 5 T
BUEL (143.22+10.85) BIRFEAL (P=0.000) , 5
miR-524-5p mimic+pcDNA3.14H (152.25+11.34)
%, miR-524-5p mimic+pcDNA3.1-HEG14
KYSE304 it s P T8 g (293.10+13.74) Bl |
J+ (P=0.000) , W2,
2.5 KYSE304Hig " EMT ., HEGI1HImiR-524-5pf)
ik

Control group miR-524-5p NC group

E2 & EKYSE30M M ERERERKIER

miR-524-5p mimic group

%3 miR-524-5pXTKYSE3040 BfI3t 54 4 1 89520
Table 3 Effect of miR-524-5p on the proliferative capacity
of KYSE30 cells

ODs
24 h 48 h 72h
Control group 0.45+0.04 0.89+0.05 1.25+0.08
miR-524-5p NC group 0.44+0.05 0.83+0.04 1.21+0.06
miR-524-5p mimic group 0.42+0.06 0.52+0.03" 0.72:0.03"

miR-524-5p mimic+ 0.40£0.05 0.51+£0.04 0.73+0.05
pcDNA3.1 group

miR-524-5p mimic+
pcDNA3.1-HEGI group

Notes: *: P<0.001, compared with miR-524-5p NC group; #: P<0.001,

Groups

0.56+0.07° 0.69+0.06" 0.98+0.08"

compared with miR-524-5p mimic+pcDNA3.1 group.

miR-524-5p NCZ flControl4] | & #5558 1
E-cadherin. [A]Jfifna 8 [ Vimentin, N-cadherin .
Snail i XHEG 1% 1. miR-524-5p3ik i LA,
R LG E X (P>0.05) ; 5miR-524-5p
NCZH 4, miR-524-5p mimic4l I Jz bRk & 1
E-cadherin, miR-524-5p ik 5 iR, (8] %
trE & [ Vimentin, N-cadherin, Snail X HEGI1
EAREWETHE (HP=0.000) , 5miR-
524-5p mimic+pcDNA3. 140 4, miR-524-5p
mimic+pcDNA3.1-HEG14 | [ 5 i 25 H E-cad-
herin, miR-524-5pF& ik B T, [0 Fibrdi &
Vimentin. N-cadherin. Snail XHEGI1E[FEiA0H 1
I (¥P=0.000) , WLE3, %4,

2.6 KYSE3040fuiT#RE

miR-524-5p NCH MR A 5% ( (42.59+
2.33) %) FilControld ( (43.28+3.51) %) HL#&,
ERIGH¥ X (P>0.05) ; 5miR-524-5p NC
ZH 3, miR-524-5p mimicZHKY SE304 fits ]I 1
A3 ((21.68+1.65) %) BIEFEAL (P=0.000) ;
5miR-524-5p mimic+pcDNA3.14H ( (22.15+
1.44) %) %, miR-524-5p mimic+pcDNA3.1-
HEGIZIKYSE304i i MR @ A% ( (34.25+
1.65) %) R+ (P=0.000) , VLK4,

2.7 KYSE304fJi{z22hE
miR-524-5p NCZH (212.48+9.12) FlControl

miR-524-5p mimic+
pcDNA3.1 group

miR-524-5p mimic+
pcDNA3.1-HEGI group
= e

Figure 2 Plate clone formation of KYSE30 cells in each transfection group
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Vimentin ..- -— - 54 kDa

N-cadherin - - - - - 110 kDa
Snail -- — — — 29 kDa

HEGH D D S e . 1 D
GAPDH 4D S SD S 4 6 kDo

A: Control group; B: miR-524-5p NC group; C: miR-524-5p mimic
group; D: miR-524-5p mimictpcDNA3.1 group; E: miR-524-5p
mimic+pcDNA3.1-HEG1 group.

B3 FR#ERAFEMTHXEHMHEGIZRRIEE
Figure 3 EMT-related protein and HEG1 protein

expression in different transfection groups

HAMMZ 225 H (208.26+7.48) ks, RIS
H2FE X (P>0.05) ; 5miR-524-5p NC4H 4%,
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+6.95) B B (P=0.000) , 5 miR-524-5p
mimic+pcDNA3.14] (91.02+7.05) H%, miR-524-
5p mimict+pcDNA3.1-HEG 141K Y SE304 Jifi {7 2254
H (149.75+8.47) Wl F5 (P=0.000) , LAI5.
2.8 RFETBAMCEAIMMP2, MMPIEIA
miR-524-5p NC4 FiControlZH 41 fliMMP2 |
MMPOEHRILK, ZRESKIT¥E X
(P>0.05) ; 5miR-524-5p NC4 4, miR-

R4 FRIBLAPEMTHAELNHEGIERRIZE

524-5p mimicZHKY SE304H il {2 225 F% AH - 25 1
MMP2, MMP9# kB B (L (¥P=0.000) , 5
miR-524-5p mimic+pcDNA3.14H H#¢, miR-524-
5p mimic+pcDNA3.1-HEG141KYSE304 il {748
A FIMMP2 . MMPOR A B 5 (3
P=0.000) , WLE6. K5,
2.9 RUHOGER B BRI 45
miR-524-5p 7] LL#R ] 45 A HEG 193 'UTR X,
B, WET, AR EER SRS R, miR-
524-5p mimicZ 5 WT-HEG 1 $£4% YL 20 4 i ¢ e &%
Fif 7 M 3 2K T miR-524-5p NC4H 5 WT-HEG 11k
H:Yusf (P=0.000) , miR-524-5p mimicZl 5MUT-
HEG 1 5% Y4 20 1) 240 i 5 ' 22 g T% M S5 miR-524-
5p NC4H 5MUT-HEG 1 255 L0 22 5 04 i 5 X
(P>0.05) , ControlZH . miR-524-5p NC4H Z [a] 5
WT-HEG 1 4t44 e 1 5 MUT-HEG 1 45 41 2% 534 T6
Git2FE L (P>0.05) , WLER6. BifHmiR-524-5p

A HEG I3 UTRIK 4
3 e
SR RBAPEO L2 —, ERUZ

FifrmiRN AT L2 3 3k #08 1i) A ] $0 s ol 3 55 g 0k
J'&, UnmiR-33a-5pH [ DK K 10l £ 48 s ik
miR-375: i B ERBB,/VEGFAE &1 €45 18
U4 miR-524-5p B & BT A R 4m A )
25tk . THRZE . EMTHERAMHEERY ", |

Table 4 EMT-related protein and HEG1 protein expression in different transfection groups

Groups E-cadherin Vimentin N-cadherin Snail HEG1 miR-524-5p
Control group 1.54+£0.09  2.78+0.15 1.24+0.11 1.05+0.10 1.52+0.12  1.00+0.02
miR-524-5p NC group 1.61£0.11 2.45+0.16 1.28+0.12 1.0120.11 1.60£0.13  0.98+0.05
miR-524-5p mimic group 2.98+0.13"  0.59+£0.08°  0.81+£0.09°  0.58+0.03"  0.78+0.09"  1.89+0.09"
miR-524-5p mimic+pcDNA3.1 group 2.86+0.14  0.60+0.07  0.83+0.08 0.55+0.04  0.80+0.10  1.84+0.11
miR-524-5p mimic+pcDNA31-HEG] group  1.45+0.13"  1.72£0.14"  1.16x0.12"  0.89+0.08"  1.35+0.12" 1.22+0.10"

Notes: *: P<0.001, compared with miR-524-5p NC group; #: P<0.001, compared with miR-524-5p mimic+pcDNA3.1 group.

Control group

Oh ©

B

3 gj‘/: L L

E4 XE +E‘i1“’* WU%EKYSEsoéHH@L$Z

miR-524-5p NC group  miR-524-5p mimic group

miR-524-5p mimic+
pcDNA3.1 group

miR-524-5p mimic+
pcDNA3.1-HEGI group

Figure 4 Scratch assay of the migration ability of KYSE30 cells in each group
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1\41\@9----- 78 kDa
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A: Control group; B: miR-524-5p NC group; C: miR-524-5p mimic
group; D: miR-524-5p mimic+pcDNA3.1 group; E: miR-524-5p
mimic+pcDNA3.1-HEG1 group

Elo EERIBMAEARILE

Figure 6 Expression of invasive- and migration-related
proteins

=5 BAKYSEAMEHRZIBEXEARIEELR
Table 5 Comparison of expression levels of invasion-
and migration-related proteins in KYSE30 cells among all

groups

MMP2 MMP9
0.85+0.09 0.81+0.08
0.88+0.07 0.79+0.06

Groups

Control group
miR-524-5p NC group
miR-524-5p mimic group 0.17+0.03"0.36+0.05"
miR-524-5p mimic+pcDNA3.1 group  0.17+0.04 0.35+0.05
miR-524-5p mimic+pcDNA31-HEGI group 0.52+0.06" 0.60+0.07"
Notes: *: P<0.001, compared with miR-524-5p NC group; #: P<0.001,

compared with miR-524-5p mimic+pcDNA3.1 group.

v R WL miR-524-5p X £ 876 A I 15 /R FH 0 A 56
PERFFEHRIE . AWFSE P JE il i miR-524-5p7E £
IR DUFP A [R] 40 A R FE R 2 R i R
ik, B TSR 2GR, AR
B miR-524-5p i F ik 4R miR-524-5p X} £ 85 40
MutFE | TR R MEMTHER A . 4550 BoR
i3 1 R IEmiR-524-5p ] D i 25 B B S i A i Y
HEERE TR AL, 5 DAY IR miR-524-
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Figure 5 Invasion ability of KYSE30 cells

detected by Transwell assay
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e
miR-524-5p miRNA : 3' cucuuucacgaagggAAACAUc 5'
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Figure 7 Binding site of miR-524-5p to HEG1 3 UTR

%6 miR-524-5p#L & F U6 E
Table 6 Validation of miR-524-5p target gene
Relative activity of luciferase

Groups

WT-HEG1 MUT-HEG1
Control group 1.00+£0.09 0.99+0.11
miR-524-5p NC group 0.98+0.11 1.00+0.08
miR-524-5p mimic group  0.45+0.05" 1.05+£0.07

Note: *: P<0.001, compared with miR-524-5p NC group.
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