2025 4F 6 J145 45 %45 6 01 W E R EH K FEF R
Jun. 2025 Vol. 45 No. 6 Journal of Hunan University of Chinese Medicine 1021

ARSI H: TR, RO, XN, ZERIR, B, DR, TR HT miR-96/RECK {55 1M BEAF] g e e ot £ 4 il i 4n Mo b 3
RZERVEIBLEIL]. W T B2 22k, 2025, 45(6): 1021-1029.

E T miR-96/RECK 15 518 IR 1+ ra e i S g X
|EEEMIEHE . EZEMNIERIE

KRR et | X EE L BRI RFRL IR FAEE!
L HBER T 25— BE B i Ak B, T HEHE 056000 ; 2.7 i B2 24 B i o 25, [k K7 067000

(HE) BE FiT 885 (TTC) x4 85Ik 40 08 (ESCC) 48 i 3 7i A0 12 22 W9 B vl 3E AT % 2 % 3 14 45 miR-96/E] &
Bl B AR F E & 94 Kazal 70 K (RECK) 3 B L3, ik #IA ESCC 408 % KYSE410 A #F 54 &, ¥ KYSE410 28 o
K8 FHRE 3ANETL Cul A(EHEAIE) L-TTC 4(40 pgml iy TTC 472 24 h) M-TTC 41 (80 wg/mL 4 TTC 438 24 h),
H-TTC 41(160 pg/mL & TTC 4 32 24 h) miR-96 NC 41 (% 4 A AT B ) .miR-96 NC+TTC 41 (% 4+ Mt B, FF 160 pg/mL &y
TTC 4 # 24 h) .miR-96 mimic %1 (% % miR-96 mimic)# miR-96 mimic+TTC %1 (% % miR-96 mimic, 3 f 160 pg/mL # TTC 4
3 24 h), MTT &3l TTC *t ESCC 48 0. 7& /1 69 % . T LI L5 40 f %K LA K Transwell 5230401 KYSE410 48 03§78 3F % fo
1B, RT-qPCR £ miR-96 % ik K-F, Western blot %Ml LA Kazal £ )5 3 #1553 RECK £ /4 B & A B (MMP)-9 o
MMP-2 & 5 &%k AP, Z58R KYSE410 48 % 20.40.80.160 wg/mL 8 TTC 43 f5 , 7 B 2 40 4| H 40 00% 7, 3F 2 FI BRI (P<
0.05), 5§ Cul 4148, L-TTC 41 M-TTC 4168 H-TTC 41 &9 41§ 52 [ H | 5 20 i 300 20 3T £ & FomiR-96 mRNA MMP-9 MMP-2
B E R AT B IR (P<0.05) ,RECK % 5 &£ AT 8 F 3 i (P<0.05), EH ERFME, 5§ miR-96 NC 4148t ,miR-96 NC+
TTC 44 miR-96 mRNA 5 ik AK-F 40 j 57 e 8, 40 M 3E 75 3= Fn 58 JE 40 8 B0 % MMP-9 MMP-2 & 1 % 3k AF B Z 4 1% (P<0.05),
RECK % # % ik AP 4m (P<0.05), 5 miR-96 NC Z148 t, ,miR-96 mimic 41 8 miR-96 mRNA 3k AP 40 7, £ 30 | 5 B8 40 L 4k
72 g 3F 7% B MMP-9 MMP-2 Z 1 34 K F B 3 38 A (P<0.05) ,RECK % & & % ACF 8.3 B (P<0.05), 5 miR-96 mimic 414
tt,miR-96 mimic+TTC 414y miR-96 mRNA 35K 40 0 o0 [ 40 | 5F FE 40 30F0 40 f 2T 7% & & MMP-9 MMP-2 & & %3 K-F B
# R (P.05) , RECK & & 3k AT B 25 hn(P<005), 451 TTC i 14784 miR-96/RECK 12 & i # , 4 % T MMP-9 f1 MMP-2
&Ik, FETT I ESCC 20 by34 78 T4 RIZEH T

(RER) £ESE, G kS ;mR-96; HAT FHMERFEEZ A4 Kazal HTHFE WA, RE, EMLEEOH

(hESFESIR285.5 (EfFREAG)A (L EH S )doi:10.3969/).issn.1674-070X.2025.06.005

Mechanism of action of total terpenoids from Celastrus orbiculatus on the
proliferation and invasion of esophageal squamous cell carcinoma cells
based on the miR-96/RECK pathway

ZHANG Wenjuan', JIN Xiaocai’, LIU Haitao', LI Changjuan'*, ZHAO Xuerong’,

MA Lidong', QIAO Guan’en’
1. Department of Gastroenterology, The First Hospital of Handan, Handan, Hebei 056000, China
2. Department of Immunology, Chengde Medical University, Chengde, Hebei 067000, China

(Y75 H 83 )2025-03-03
(BE& B )by BeRlea it o s v B B (20220500)
GEEMESE ) TR, Lo 104 Rl W78 4 S0, E-mail ; 15803105963@163.com,,



1022 TR B 25 K222 4L hitp://hnzyydxxb.hnuem.edu.cn 2025 455 45 4%

(Abstract]) Objective To investigate the effects of total terpenoids from Celastrus orbiculatus (I'TC) on the proliferation and
invasion of esophageal squamous cell carcinoma (ESCC) cells, and to study whether it is achieved by regulating the miR-96 / RECK
pathway. Methods Human ESCC cell line KYSE410 was selected as the research object. KYSE410 cells were divided into 8
groups, each with 3 replicates: Ctrl group (no drug treatment), L-TTC group (40 pg/mL TTC treatment for 24 h), M-TTC group (80
pg/mlL TTC treatment for 24 h), H-TTC group (160 pg/mL TTC treatment for 24 h), miR-96 NC group (transfected with negative
control), miR-96 NC+TTC group (transfected with negative control and treated with 160 pg/mL TTC for 24 h), miR-96 mimic group
(transfected with miR-96 mimic), and miR-96 mimic+TTC group (transfected with miR-96 mimic and treated with 160 pg/mL TTC
for 24 h). MTT assay was used to detect the effect of TTC on the viability of ESCC cells. Plate cloning assay, cell scratch assay,
and Transwell assay were used to detect the proliferation, migration, and invasion abilities of KYSE410 cells. RT-qPCR was used to
detect the expression level of miR-96. Western blot was used to check the protein expression levels of reversion-inducing cysteine—
rich protein with Kazal motifs (RECK), matrix metalloproteinase 9 (MMP-9), and matrix metalloproteinase 2 (MMP-2). Results After
KYSE410 cells were treated with 20, 40, 80, 160 pg/mlL TTC, the cell viability was significantly inhibited in a dose—dependent
manner (P<0.05). Compared with the Ctrl group, the number of cell clones, transmembrane cells, cell migration rate, the expression
levels of miR-96 mRNA, MMP-9 and MMP-2 proteins in the L-TTC group, M-TTC group, and H-TTC group were significantly
decreased (P<0.05), while the expression level of RECK protein was significantly increased (P<0.05), showing a dose—dependent effect.
Compared with miR-96 NC group, miR-96 mRNA expression level, cell clone number, cell migration rate, and transmembrane cell
number, MMP-9 and MMP-2 protein expression levels in miR-96 NC+TTC group were significantly decreased (P<0.05), and RECK
protein expression level was increased (P<0.05). Compared with the miR-96 NC group, the expression level of miR-96 mRNA, the
number of cell clones, the number of transmembrane cells, and cell migration rate, the expression levels of MMP-9 and MMP-2
protein in the miR-96 mimic group were significantly increased (P<0.05), and the expression level of RECK protein was significantly
decreased (P<0.05). Compared with miR-96 mimic group, miR-96 mRNA expression level, cell clone number, transmembrane cell
number, and cell migration rate, MMP-9 and MMP-2 protein expression levels in miR—-96 mimic+TTC group were significantly
decreased (P<0.05), and RECK protein expression level was significantly increased (P<0.05). Conclusion TTC effectively down-
regulates the expression of MMP -9 and MMP-2 by regulating the miR -96/RECK signaling pathway, thereby inhibiting the
proliferation, migration, and invasion of ESCC cells.
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WA AR, R TN BT IR A
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A (B85 CTO1-5) FIRUE A 2K il 412 5 3 PR A U
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F(H7 . FP201)I AAURIREHE A FRAF] . ZY)6E
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A0S () AT R A5 I N4 A (15 . FACSAria
TM Fusion)Il4 [ 3& [ BD /A ; %6 & PCR L (H!
5 : QuantStudio) 14 1 35 [EIFEER /R BHE A,
1.2 TTC Bl &

BT 1 4 TTC . B e 2 ik by sk
PRI T4 | B3 95% CBEHEAT 3 UOm i ml 42
B, 208 15 BB U, R M AR S B R I iR
B INAR R , R CIR CERAEL 3 IR, & IR 2 O,
RS 158 LR CBRIRE IR 5 1 2 M
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1.3 #HpaEEsF

ESCC 40l 2 KYSE410 Y758 10% G245 M5
K %75 55 R AR 2 WL DMEM 58 4 15 37 3 v
B3R 1637 °C.5% CO, ARG AR il i g .
1.4 ZHRasr AR AL
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160 pg/ml [ TTC £53% 24 h 148 h,MTT £l 41

JLE 77, Biiie TTC Amefd T B, ¥ KYSE410 4
40 8 2. Crl 4 (TCZWAbEE) 1-TTC £H (40 wg/ml
() TTC AbFH 24 h) M-TTC 21 (80 pg/mL i TTC 4k
FH 24 h) H-TTC Z4H(160 wg/mL f¥) TTC Zb¥E 24 h)
miR-96 NC 41 (54 4eFHHXT AR ) .miR-96 NC+TTC 41
CREYLBAMERTIR  IFFH 160 pg/mL Y TTC ZbFE 24 h) |
miR-96 mimic ZH (¥4 miR-96 mimic)Fl miR-96
mimic+TTC 2 (544% miR-96 mimic, 31 160 wg/mL
(1) TTC Ab3H 24 h)  F& R4, 5355 YA N 1 miR -
96 mimic M ILBAPEXT I IF 25 W E 17 b3, B2
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K2 80% MRl AR . FIHHE L AE RS T AR
ELRIZR I B PBS vk 20 3R L) 25 Bk i 5 100 4 i
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LR AL BN T & AR EETTC
(0,40.80,160 pug/mL) 48 ff 1 77 3k | -4 20 it 4
Se4i3% 24 b, FIH Image] BUGAHTEAE X6 45 5 8]
AR SR AR EA T R A A AT, DT B T AR
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A A A PR BUR RNA, PR TRIZOLAK
Rl Gt B , R R B G cDNA
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ddH,0 1 J2 10 pL SYBR Green Master Mix, f#if{
B-actin /E RIS HL M il i qRT-PCR W A& H
PR, e, R 2729 ki3 miR-96 mR-
NA BAIXSFRIBAE-, SIVFPAITEILER 1,

#& 1 RT-PCR5I¥F3I%
Table 1 gRT-PCR primer sequence table

215 F3 5—3 SIS bp
miR-96  IF[i; CGAACTTTGGCACTAGGCACATT 95

J2 i ; TATGGTTTTGACGACTGTGTGAT
B-actin  IF[i]; CAGAAGGAGATTACTGCT 128

I ;. TACTCCTGCTTGCTGATCCAC

110 WELRBEELE

FIH Lipofectamine™ 3000 {7114, F miR-96 mimic
%, NC mimic il RECK-WT #1 RECK-MUT #t:4% Ju
KYSE410 #iiifl, % Y% 48 hj , i O YC E BHR 5
L PRGN 127 D G 2R R A

1.11 Western blot

4R KYSE410 415, FH RIPA R4k 4 HUER
1, 28 SDS-PAGE 73 B )5 , 38 i Wi i Wl 2 1 e
% PVDF &, 1 5% R4 5304 2 h, 55—t
(RECK ,MMP-9 MMP-2,1:1 000 Fif¢)4 CHEdE i
WL, HE I E RS 2 h, ECL 434010
5%, VA B-actin HNZ, H Quantity One 4.6.6 ¥ {F
SyHTARAARNS PR i
112 S0

BARGE T o0 MrR FH SPSS 21.0 B F b4 Ab 3R
THREZERIT A IE S0 DL “xas "I FOR X T
AN M) 25 57 LA, RIS REAS ¢ K56 5 X T 2241 (]
()22 5 o0 B R IR & 5 2250 B (ANOVA ), 33—
HHIH SNK—q AT LLER . DL P<0.05 F&7n
LRAGIEE L,

2 &R

2.1 TTC Xf KYSE410 4B 5189 840

KYSE410 41 20,40 80,160 wg/mL [ TTC
ALERE |, n] S R LA TS ), I R N ARO E
(P<0.05), TEWFE 2, 20 pg/mL A TTC HAEMIHI4H
LG 1 (P<0.05) , {EL41 i 250 SR A X 55 55 , R b sk
40 .80.160 wg/mL F) TTC 1E R J5 L3250 He
22 KA KYSE410 4HpELETE TR FNEERIER

5 Cul 414, L-TTC 4 .L-TTC 411 H-TTC
2 %) 240 B 5 A 2 2 B 240 50 FN A4 LS A 2R 1 fl
R (P<0.05) , TEULIE 1,
2.3 £ %H KYSE410 488 miR-96/RECK 15 S i B§
Fn MMPs EBRIEHIER

5 NC mimic ZHAH L, miR-96 mimic ZHYRECK-
WT %' 3R B 14 2 2 K (P<0.05) , RECK-WUT
HOCE B TC &2k (P>0.05) . 5 Cl HAHLE,
L-TTC 21 L-TTC 211 H-TTC ZHAY miR-96 mRNA &
MMP-9 1 MMP-2 25 4 #5/K - B & F#AIK (P<0.05)
RECK & [ 35 /K B 3 (P<0.05) , I & 5 i
M, TEULE 2,

=2 FEEEEERGEXT KYSE410 ZHBEE S BIESIE (x2s , n=3)

Table 2 Effects of total terpenoids from Celastrus orbiculatus on the viability of KYSE410 cells (x+s, n=3)

Hisf (] 0 pg/mL 20 pg/ml, 40 pg/ml 80 pg/ml 160 pg/mL FH PiE
24 h 100.00+0.46 89.59+3.06* 75.58+6.85% 63.0123.36+ 49.16+5.23+44 64.980 <0.001
48 h 100.00+0.51 80.64+4.11% 68.87+4.67+" 53.09+4.93## 31.28+4.09+44 128.808 <0.001
i 0.000 1.721 3.025 2.880 4.648
P1H 1.000 0.160 0.039 0.045 0.010

H:50 pgmL M, *P<0.05;5 20 pg/mL kL, *P<0.05;5 40 png/mL ML, 2P<0.05;5 80 pg/mL kL, 4P<0.05,
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Fig.1 Effects of total terpenoids from Celastrus orbiculatus on proliferation, migration and invasion of KYSE410 cells
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Fig.2 Effects of total terpenoids from Celastrus orbiculatus on miR-96/RECK signaling pathway and MMPs
protein expression in KYSE410 cells
T ARG R WS4 : B.miR-96mRNA AN A4t ; C.RECK & HARXT # ik 4L ; D.MMPs B HARX R AL, 5 miR-96 mimic
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Fig.3 Effects of total terpenoids from Celastrus orbiculatus on prollferatlon, migration and invasion of KYSE410 cells
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Fig.4 Effects of total triterpenoids from Celastrus orbiculatus on the expression of MMPs protein in
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