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WE 3z L5 AR B Sk (Tet)idl i miR-149-5p/ & iE 45 3k & & A2(HMGA2) b3t 2%
FmRIgIa . BT, EHFMZ LA R. qQRT-PCRANRE % e % (EC9706. Ecal09. TE-13.
TE-1)A B % A% L& 48l (HEEC) ¥ miR-149-5p. HMGA2 mRNA R A K-P | i ik A% tm L 2
B8 F 8, 2R R ARRRE(S. 10, 20 pmol/L) Tet4k 22 ik 443 2 44 F AE 48 i 2 EC9706 48 h, # A
CCK-87k A 4m i 64 A 7& B RAF B3 0 TetiR L ; BT 44 KAIECI7064m e, [y 2 FE 4. Tet
20, Tet+47 4] 7| [ P4+ B (inhibitor NC)4E. Tet+miR-149-5p#7 4] 7] (miR-149-5p inhibitor)28, qRT-
PCRA M| &4 i, F miR-149-5p. HMGA2 mRNA R A K P ; 7 X 400 A4 0 &-28 48 0 8 T ; Western
blot#l 18] 7 /i 47 & ) N-45 55 & & (N-cadherin). B#k B 48 L5 -248 % & & (Bax). HMGA2. E-45%k
& @ (E-cadherin). @it 8 #1% D1(CyclinD1)& & K-F; Transwell:| 52 20 &L it 4% 542 22 H L ; CCK-8
SR fm f3E FA L X3 KA B L B4 3E miR-149-5p. HMGA2¥ew) %k % . 10 umol/L Tet# %
R R AR K E . HMGA2 A miR-149-5pé ¥ed 45445 5. SHEEC4niRARtk, % /& 2 & F miR-
149-5p & ik KT 2 & AR, HMGA2 mRNA &L K-FH 5 (P<0.05), = FECI70648 & F # 4 KT 2
tei A B3, Bk, ECO706%mielE A4 & % F ity it K mie. HafMR284810, TetZAEC9706%4m it
24 h. 48 h#)DusoftL, T4 542 £ mfR4L, CyclinD1. N-cadherin. HMGA2% kKT R % Tl A
& % Bax. E-cadhering& A /K-F 2 % EF(P<0.05); 5 Tet+inhibitor NCZH48 b, Tet+miR-149-5p in-
hibitor4EEC9706 48 224 h. 48 h#9 DysoftL, 4% 54z & a3k, CyclinD1. N-cadherin. HMGA2%& ik
KPR E EFF, B FABax. E-cadherin&k ik K-F 2 % T 4(P<0.05). TetT #8if i _F JAmiR-149-
5p, R HMGA2 KA, #t iR /& e Ao, ¥pd| LG, TR,
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Abstract  This study aims to investigate the effects of Tet (tetrandrine) on the proliferation, apoptosis, mi-

gration and invasion of esophageal cancer cells through the miR-149-5p/HMGA2 (high mobility group protein A2)
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axis. The expression levels of miR-149-5p and HMGA2 mRNA in esophageal cancer cell lines (EC9706, Ecal09,
TE-13, TE-1) and normal esophageal epithelial cells HEECs were detected by qRT-PCR, and the best cell lines
were screened for subsequent experiments; the optimal cell line EC9706 obtained through screening was treated
with different concentrations (5, 10, and 20 pmol/L) of Tet for 48 h respectively. CCK-8 assay was used to detect
cell viability to obtain appropriate Tet concentration. EC9706 cells in logarithmic growth phase were randomly
divided into the Control group, Tet group, Tet+inhibitor negative control (inhibitor NC) group, and Tet+miR-149-
Sp inhibitor (miR-149-5p inhibitor) group. qRT-PCR was used to detect the expression levels of miR-149-5p and
HMGA2 mRNA in each cell; flow cytometry was used to detect apoptosis in each group; Western blot was used to
detect the expression levels of cellular epithelial marker proteins E-cadherin, CyclinD1, mesenchymal marker N-
cadherin, Bax (B-lymphoma-2-associated protein), and HMGAZ2; Transwell was used to measure cell migration and
invasion; CCK-8 assay was used to detect cell proliferation; and dual-luciferase experiment was used to examine
the targeting relationship between miR-149-5p and HMGA2. 10 umol/L Tet was the best concentration in this study.
HMGA?2 was a targeted binding site for miR-149-5p. Compared with HEEC cells, the expression of miR-149-5p in
esophageal cancer cell lines was obviously decreased, and the expression of HMGA2 mRNA was increased (P<0.05),
among which EC9706 cells had the most obvious changes and they were used as the best experimental cells for
subsequent experiments. Compared with the Control group, the D5, value, the numbers of migrating and invasive
EC9706 cells, the expression of CyclinD1, N-cadherin and HMGA?2 in the Tet group at 24 h and 48 h were obvi-
ously decreased, and the apoptosis rate and the expression of Bax and E-cadherin were obviously increased (P<0.05);
compared with Tet+inhibitor NC group, the D45y value, the numbers of migrating and invasive EC9706 cells, the ex-
pression of CyclinD1, N-cadherin and HMGA?2 in the Tet+miR-149-5p inhibitor group at 24 h and 48 h were obvi-
ously increased, and the apoptosis rate and the expression of Bax and E-cadherin were obviously decreased (P<0.05).
Tet may up-regulate miR-149-5p and inhibit the expression of HMGA2, thereby inducing apoptosis of esophageal
cancer cells and inhibiting their proliferation, migration and invasion.

Keywords tetrandrine; miR-149-5p/HMGA?2 axis; esophageal cancer cells; migration; invasion; prolifera-

tion; apoptosis
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H Fermentas /s 7] ; Transwell/)N % FH Corning /A 7 ;

miR-149-5p 1| 7] (miR-149-5p inhibitor) & #1771/
457 B (inhibitor NC). miR-149-5p 44 (miR-149-
5p mimics) M A I A 15 B (mimics NC)IW H
IR RAR, EEFREREOE-A55E A (E-
cadherin) 40 i J& A D 1(CyclinD1). 8] 78 JFi br & IN-
5% 5 1 (N-cadherin) Btk EL4H /8 -2 47 5% 42 (1 (B-
lymphoma-2-associated protein, Bax). HMGA2—#i
I El Abcam /s &) ; ¢ % 2 & PCRIAFT & H TaKaRa

VNI
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1.3.1 qRT-PCRAM 28 /e F miR-149-5p. HMGA2
mRNAZGAH L fi ] TRIzola 71 M A2 /85 Je 41 iy

R IEHEE AT B ERNA, R RNA(E
T miRNA) 5 ZI 5| PR G, W S A ANTPs#E T
miRNAW 55 A GI1Y) W S B A ANTPs 4T
mRNAI 4% 5%, 3£4£ F§ SYBR PrimeScript RT PCRix
A& HEAT QRT-PCR T, PCR B HVEIF 26412 95 °C
WA PE10 min; 95 °CAE P15 s, 55 °CiB k40 's, 72 °C
ZEAH 34 s, 37MEH . miR-149-5p. HMGAZ/\”IJu
U6 B-actin bR HEAL I N TR J8 e 27240510
Mrsese it . 5175 AR

132 RRERENTetxt oo & F09%m KXt
HAEKIHECI70640 MR- 96 FLAR Hr , ARH AT 91T
S, T REFEFE RIS, 104 20 pmol/L Tetkh
FEEC970640 1, iC 45 umol/L TetZH. 10 umol/L Tet
4. 20 pmol/L TetZH, LLRZAEATALBE A M A
XPHRZH . AbEE48 h)s, BEFLINACCK-8iK5f(10 L),
37 °CH;FRZM A2 h, {87 F BEAR I 2 K K 9450 nmff
DAH, 53 B AAE 2

133 @wmientaba®  BOEEKIHEC9 70641
Jio, &% B % (Control)2H « TetZH . Tet+inhibitor NCZH
Tet+miR-149-5p inhibitorH ; 7 TetZH 4 10 pmol/L
TetAbHE4H g, Tet+inhibitor NC41. Tet+miR-149-5p
inhibitorZ 73 5l % 1 % 4% inhibitor NC. miR-149-5p
inhibitor £EC97064H if1, 48 hJi, ifi J5 LA Tet(10 pmol/L)
AEFEYNMD, 48 hfG AR S AN, JEEATHE DG LS Ry
1o

1.3.4 CCK-8% FERE I 1] () B AL N 10 pL
CCK-8 , 37 °CEEF#4NHU 2 h. %815 p$e ah i it
W45, A5 B AR A AE 450 n (9K R DAY .

1.3.5 AKX@EAK  ¥200 pL Annexin V-FITCHI
10 uL PIZSINE] 544080 (1084 /5L BF W, 78
37 °CN7E IS H R FF 30 mino i FH I 40 i A3
E LM%

1.3.6 Transwell%23  {EJCIMIH RPMI-16403% 7%
Fe B 95 ECOT06ZH M (2 104N 21 i ) 345 He 4 b 3
Transwell E%, N ZEIMA S H 10% FBS[HRPMI-1640
BrIrdk, £37 °C. 5% CO, P E 48 h)a, ﬁﬁff%%ﬁﬁﬁ
YL AT R AN, ITR A =R N4 4%
FHEE [ 52 15 min, 0.1%%5 558 =30 T 44420 min. !ER
T ERANMERL e ). HA {2280 2 H Transwell
= T P20 H Matrigel 75 30 min, HAHEAE R _EiRiE
R IR

1.3.7 Western blot 52 1 K FH 2R 2 P N 2521
MM IRAE S AR, i SDS-PAGE/ B2 & H

JRHT, JEAT R A BUREEN E, bR iR A
1 W&, KIS —H(1:1 000)7E4 °C R & I, Pl
J&i , FESHR 0 (1:2 000)E =R FiFE 1 he I
InAL 22 RGP I 2% 15, Tmaged B4 3E4T € =
0T, Hr—$1 NBax. HMGAZ2. E-cadherin. B-actin.

#=1 qRI-PCR3|¥1F%!
Table 1 qRT-PCR primer sequence

BE K 2 FR 7 I# J5(5'—3")
Gene name Direction Sequence (5'—3")
miR-149-5p F CCC TCATTC TGT GCC ACA CTC CAG CTG GG
R TGG TGT CGT GGA GTCG
HMGA?2 F AGT CCC TCT AAA GCA GCT CA
R GTC CTC TTC GGCAGA CTCTT
p-actin F ATC CAC GAAACTACCTTCAACTC
R GAG GAG CAATGATCT TGATCT TC
U6 F GCT TCG GCA GCA CAT ATA CTAAAAT
R CGC TTCACG AAT TTG CGT GTC AT
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CyclinD1. N-cadherin(#i#¢ Lu 7y 1:1 000), —Hi N
WL =E Pt AlgGR R L AFI 9 1: 2 000).

1.3.8 qRT-PCRA& M| 28 &2 F miR-149-5p. HMGA2
mRNAZA S IR 13 AR D G I 441
Y P miR-149-5p. HMGA2 mRNAKILKT-.

1.3.9 W% AE B3040 3 miR-149-5p. HMGA?2
* Z K H Lipofectamine™ 2000%% 441 77 &k

HMGA25%% (mutation type, MUT). B2 (wild type,
WT) 3'UTRIX 5 miR-149-5p mimics&{ mimics NCH
Fe e, 48 hJm I 5E 90 R MR -
1.4 FRitoH

SPSS 22. 08l TGt 704, P<0.0537< % 57
BA GRS Bl UL (o) &R, Z AR R
R 225 M, P4 TR FH SNK-g A 56

2 R
21 BEREYMMRARA. EER|E LKA +PmIR-
149-5p. HMGA2 mRNAFRLKFE

5 HEECZH itk , EC9706. Ecal09. TE-13.

TE-124HJf2 4 miR-149-5pRIA /KT 2% T %, HMGA2
mRNAZRIA K2 3 T 5 (P<0.05), HH EC970641
L 2 K AR O B3, TR N R S i i B
SIS . WER2.
2.2 AELIRE Tetx 4R F/E RS20

AN AR B Tet A7 Z 00 ]2 T [ (P<0.05),
Hor 10 pmol/L TetZH 4 i A7 75 Z 451 50%, ik H
10 umol/L Teti#f 4T J5 22SLI0 9t WLER3.
2.3 Tet¥t miR-149-5p. HMGA2 mRNAZIEIK
a0l

TetZH %% 18 41 miR-149-5p/K V- T+ &, HMGA?2
mRNA ik K F R (P<0.05); Tet+miR-149-5p
inhibitor41 %% Tet+inhibitor NC4 miR-149-5pF ik
K5 T4, HMGA2 mRNAFKEKF B ETHE
(P<0.05). W.%4.
2.4 Tetxt 4 pEILTERYFZ 00

24 h. 48 h Dusotb 52 : TetZHHE X M2 T ¢
(P<0.05); Tet+miR-149-5p inhibitorZd ¢ Tet+inhibitor
NCAEN(P<0.05), W#S.

£2 HEBREMAEFP miR-149-5p. HMGA2 mRNAZKIL KT
Table 2 Comparison of mRNA expression levels of miR-149-5p and HMGA?2 in different cells

415

Groups miR-149-5p HMGA2 mRNA
HEEC 0.82+0.09 0.19+0.02
Ecal09 0.42+0.05%* 0.49+0.05*
TE-13 0.53+0.05* 0.55+0.05*
TE-1 0.59+0.06* 0.58+0.05*
EC9706 0.34+0.04* 0.78+0.08*

F 55.492 95.392

P 0.000 0.000

#P<0.05, SHEECAIIMHLL . s, n=6.
*P<0.05 compared with HEEC cells. X+s, n=6.

%3 TRIRE et AR BN

Table 3 Effects of different concentrations of Tet on cell survival rate

iRl Y HAFIE /%
Groups Cell survival rate /%
Control 100.00+0.00

5 pmol/L Tet 75.08+£7.51%*

10 pmol/L Tet 48.11+4.82%*

20 umol/L Tet 34.59+3.46*

F 221.424

P 0.000

#P<0.05, SHEECAIIMHLL . X5, n=6.
*P<0.05 compared with HEEC cells. X+s, n=6.
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F4 HLE R mIR-149-5p. HMGA2 mRNAFRIAKFE
Table 4 Comparison of mRNA expression levels of miR-149-5p and HMGA?2 in each group

il .

Groups miR-149-5p HMGA2 mRNA
Control 0.35+0.04 0.79+0.08

Tet 0.76+0.08* 0.28+0.03*
Tet+inhibitor NC 0.73+0.08 0.29+0.03
Tet+miR-149-5p inhibitor 0.45+0.05" 0.53+0.06"

F 58.923 118.288

P 0.000 0.000

*P<(0.05, 54640 LA #P<0.05, 5 Tet+inhibitor NCZLEL# . s, n=6.

*P<0.05 compared with Control group; “P<0.05 compared with Tet+inhibitor NC group. X+s, n=6.

RS BB ETDSENTL

Table S Comparison of D.s) values in each group

5 Diso
Groups 0Oh 24h 48 h
Control 0.22+0.03 0.58+0.06 0.87+0.09
Tet 0.26+0.03 0.31+0.04* 0.57+0.06*
Tet+inhibitor NC 0.27+0.03 0.33+0.04 0.55+0.06
Tet+miR-149-5p inhibitor 0.25+0.03 0.55+0.06" 0.82+0.09"
F 3.111 46.673 28.265
P 0.049 0.000 0.000
*P<0.05, 5% IRZH LA *P<0.05, K Tet+inhibitor NCZH HL4L. xs, n=6.
*P<0.05 compared with Control group; “P<0.05 compared with Tet+inhibitor NC group. X+s, n=6.
Control Tet Tet+inhibitor NC Tet+miR-149-5p
inhibitor
10431.22% 3.51% 10441.31% 21.14% 10432.26% 22.36% 10432.04% 9.47%
10% : 10°7 10°7 107
& 107 107 & 10% & 107
109 - 10" 10" 10'7
10190.65% 4.62% 100]39.63% 17.92% 100158.35% 17.03% 100 [BL30% 6.99%
10° 10" 10> 10° 10* 10° 10" 10> 10° 10* 10° 10" 10> 10° 10* 10° 10" 10> 10° 10°
Annexin V-FITC Annexin V-FITC Annexin V-FITC Annexin V-FITC

Bl ZEMRTIRAR
Fig.1 Cell apoptosis in each group

2.5 TetXPRATZAE N

TEAT 2 TetZH B0 FZH T 51(P<0.05); Tet+miR-
149-5p inhibitorZl# Tet+inhibitor NC4L T [%
(P<0.05), WLE1H1%6.
2.6 TetxI4pEIRZE. THAIFZND

1228, TR LI TetZHEON HEZH T % (P<0.05);
Tet+miR-149-5p inhibitorZH 5 Tet+inhibitor NCZH 1
Hn(P<0.05), W.ER2FIFT.

2.7 TetXHHXE R FRIZKFEHIF M
TetZH #:%f f 2l E-cadherin, Bax7K- P34, Cy-
clinD1. N-cadherin. HMGA2RIE /K A% (P<0.05);
Tet+miR-149-5p inhibitorZ1 % Tet+inhibitor NC41
E-cadherin. Bax/K*F[#{ik, CyclinD1. N-cadherin.
HMGA27KF- 3 111(P<0.05), WLIE3F1%8.
2.8 miR-149-5p. HMGA25E 5]k F
Starbase${ % & i /R miR-149-5p. HMGA2%%
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6 Tetx] & 4HHRAA T HIF/N
Table 6 Effects of Tet on apoptosis in each group
ZH SHHLPH T2/ %
Groups Apoptosis rate /%
Control 8.07+0.81
Tet 38.98+3.91*
Tet+inhibitor NC 39.11+3.92
Tet+miR-149-5p inhibitor 16.37+1.64"
F 177.419
P 0.000

*P<0.05, 5% R4 HLEL; “P<0.05, 55 Tet+inhibitor NCALILEL . Xts, n=6.
*P<(0.05 compared with Control group; “P<0.05 compared with Tet+inhibitor NC group. X+s, n=6.

Control Tet

Tet+inhibitor NC Tet+miR-149-5p
inhibitor

Invasion
Migration
Fig.2 Cell invasion and migration in each group
RT Tetxf HLAMAAIREE . THAIFM
Table 7 Effects of Tet on cell invasion and migration in each group
5 Ui 288 MNLIE A
Groups Number of cell invasions Number of cell migration
Control 127.34+12.74 293.15429.32
Tet 61.20+6.13* 111.02+11.11*
Tet+inhibitor NC 61.34+6.14 115.34+11.54
Tet+miR-149-5p inhibitor 121.11+12.12* 272.09+27.21%
a 82.871 124.702
P 0.000 0.000

#P<0.05, 5 XTI HLAL 7P<0.05, Y Tet+inhibitor NCZL EUEL. X+s, n=6.
*P<(.05 compared with Control group; “P<0.05 compared with Tet+inhibitor NC group. X+s, n=6.

A A LE 4. 5 mimics NCHHMGA2 WTZHAMIEE,
miR-149-5p mimics+HMGA2-WTZH % ' & B v &
FRR(P<0.05), WL£9.

3 Wi
H A& @ 0T LB RO iy, FA
IR, SRaEiayT S 710, (HIE I EC & 10 FUS 17594
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A B C D
HMGA2 . - ' - 12 kDa
N-cadherin " .. 100 kDa
CyclinD1 - - ‘ - 36 kDa
E-cadherin ” m 97 kDa
GAPDH 36 kDa

A: X2 ; B: Tetd; C: Tet+inhibitor NC4H; D: Tet+miR-149-5p inhibitorf .

A: Control group; B: Tet group; C: Tet+inhibitor NC group; D: Tet+miR-149-5p inhibitor group.
B3 ‘REMEPERRERR

Fig.3 Protein expression in cells of each group

*8 Tetx FLAMAMEX TR RIEHIFM

Table 8 Effects of Tet on expression of related proteins in cells of each group

i}ﬁiﬂps E-cadherin/B-actin CyclinD1/B-actin N-cadherin/B-actin Bax/p-actin HMGA2/B-actin
Control 0.28+0.03 0.94+0.10 0.75+0.08 0.34+0.04 0.76+0.08

Tet 0.64+0.07* 0.46+0.05* 0.45+0.05* 0.84+0.09* 0.310.04*
Tet+inhibitor NC 0.62+0.07 0.48+0.05 0.43+0.05 0.82+0.09 0.34+0.04
Tet+miR-149-5p inhibitor 0.34+0.04" 0.83+0.09" 0.68+0.07" 0.51+0.06" 0.67+0.07*

F 67.902 61.809 38.417 66.794 86.400

P 0.000 0.000 0.000 0.000 0.000

#P<0.05, 5xf 4L LA #P<0.05, 5 Tet+inhibitor NC4LEL A . Xts, n=6.

*P<0.05 compared with Control group; “P<0.05 compared with Tet+inhibitor NC group. X5, n=6.

miR-149-5p

HMGA2 3'UTR-WT

HMGA2 3'UTR-MUT 5

3" cocucacuucugugecUCGGUCu 5'

5" uucaaacugcacuuuuAGCCAGa 3’

uucaaacugcacuuuuGAUUCUa 3’

El4 miR-149-5p. HMGA2HZEE LS
Fig.4 Binding sites of miR-149-5p and HMGA2

ANEAR, SEEAAFREIRD, BT ARG N6IT 5
ERON H TR TT BB T

RIREE ) B HATEVIR 2 PR 259 (1 32 20K
W2 — o FEN YR BGR BEE BE  R
PRI ARG A RE . AN IS ML, AN S0, Tet
A ARGE 2 R SR AU A, R
L PO TS 2 M AEE RS, IERBL B 1)
UL U e = S0 4H AT 7T 1, Tetn] LA

B A5 AR F0 g Al i A2 K o H H AT TetX B &R 1
YER M JCHRIE . AHEFE RIS pmol/L Tet. 10 pmol/L
Tet. 20 umol/L TetibFE ECO70640 il 5 , 4HMIAETEH
B B AS [RIFE B2 (1) FEAI, 3R B Tetn] LAHIHIEC9706 4
BTG, SEEGEE 10 umol/L Tet N i Gbff 70k, 45
RRINE Tethb P 5, ECO70640 i 5E . 1228, it
T 240 B4 49 BP0, [FIES Tetf2 3 ECO70641 i 17
T, M Tetn] LLAMH] ECO70641 B I BAEAT M. 4
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%9 PUEISIFmiR-149-5p. HMGA2H) %
Table 9 Targeted validation of the relationship between miR-149-5p and HMGA2
5 B R AR T
Groups Relative activity of luciferase
mimics NC+HMGA2-WT 1.04+0.11
miR-149-5p mimics+tHMGA2-WT 0.45+0.05*
mimics NC+HMGA2-MUT 1.03+0.11
miR-149-5p mimics+tHMGA2-MUT 1.06+0.11
F 58.536
P 0.000

*#P<0.05, Limimics NC+HHMGA2-WT4L L
*P<0.05 compared with mimics NC+HMGA2-WT group.

JH & 3 8 1 40 CyclinD 142 i) 290 £ TRkt J) 9 1 A=
K W1 Bax®E M JE T BCL-2K i, Bax KA &N
SR TR RED . R R AR R, b (A
A IS RO bR S AT M B IR L At b
JFR K, A AR Sy n] B ) 1 18] 78 5T 4H A, A T 2 3 e
AT FE . 122804 E-cadherin. N-cadherinf& E-
cadherin. N-cadherinid F£ AR £ 5K A, TetdbH# Al R
N-cadherin. CyclinD13iX, [ i#E-cadherin. Bax3&iX,
B3P R Tetnl ie R A B IEH, (B EAA(E
FABLENMT FEER 5 o

miRNA KR 550 K EA K, CATFAREKH
miRNATE 8 & I R Im LI R 35 SRR 1)
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