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Osthole Regulates miR-433-3p/Tiam1 to Suppress Colon Cancer Cell
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Abstract  The aim of this study is to investigate the mechanism of osthole regulating miR-433-3p/Tiam1
(T-cell lymphoma invasion and metastasis-inducing protein 1) to inhibit the proliferation, migration and invasion
of colon cancer cells. SW480 cells were cultured in vitro and randomly grouped into control group, low-dose os-
thole group, high-dose osthole group, miR-433-3p-NC control group, and high-dose osthole+miR-433-3p inhibi-
tor group. After grouping treatment, to detect the proliferation, apoptosis, migration and invasion of SW480 cells
in each group, and to detect the expressions of Tiam1 protein, the expressions of apoptosis-related proteins and
epithelial-mesenchymal transition-related proteins, the expressions of miR-433-3p and Tiam! mRNA of SW480

cells in each group. SW480 cells were cultured in vitro and randomly grouped into control group, miR-433-3p
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mimics group, miR-433-3p mimics+pcDNA group, miR-433-3p mimics+pcDNA-Tiam1 group. After grouping
treatment, detect the proliferation, apoptosis, migration and invasion of SW480 cells in each group. The results
showed that compared with the control group, the cell survival rate, colony formation rate, migration distance,
invasion number, Tiaml mRNA and protein expressions, PCNA, Claudin-1 and N-cadherin protein expressions
in the low- and high-dose osthole groups decreased (P<0.05), the proliferation doubling time, apoptosis rate and
apoptosis ratio, the E-cadherin and caspase-3, Bax protein expressions, and the miR-433-3p expression increased
(P<0.05), high dose osthole has a stronger effect; miR-433-3p inhibitor can reduce the effects of osthole on the
above-mentioned cellular indicators. Upregulation of miR-433-3p can exert the same anti-cancer effect on colon
cancer cells as osthol, while overexpression of Tiam1 can weaken the anti-cancer effect of upregulated miR-433-
3p on colon cancer cells. The results suggest that osthole down-regulates the expression of Tiam1 by promoting
the expression of miR-433-3p, thereby upregulate E-cadherin and caspase-3, Bax protein expression, downregu-

late PCNA, Claudin-1 and N-cadherin protein expression, ultimately inhibite the proliferation, migration and

invasion of colon cancer cells, and promote their massive apoptosis.
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NC). miR-433-3p mimics4 H 75 JH 7 35 J K B 4>
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EpochiZE 2L Kl n A H 3¢ [F Bio-Tek /A A ;
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WP PR 7 25 1 77 +miR-433-3p | 4L, %o HE ZEL 4 i
AMHATAT AL B, SE KT R ELA . IR TR &
B M 5 DL 10 20 pg/mL g R 12 Ak
B RT3 e ) miR-433-3p i) 1) 2 L2k B
20 pg/mL g PR T 25 Ab HE 1 [F] i FH AR J5 47 20004 ¢
miR-433-3pf#I5, miR-433-3p-NCZH # 4 miR-433-
3p-NC, 24 h/5 AN A AT fa SAa I .
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¥ (110 V. 75 min), £ P& A FER R PURAL S (3%
MEHESEA, 37 °Cy 2 h), # N N-cadherin, Tiam]1.
Claudin-1. caspase-3. Bax. E-cadherin. B-tubulin, if
TPt “PUME Lk, DOSRVIRE, Pk
LA N-cadherin(1:1 000). Tiam1(1:1 000). Clau-
din-1(1:1 000). caspase-3(1:2 000). Bax(1:2 000). E-
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Table 1 Gene primer sequence
CIEUEZ S Ji 1A JFHI(5'—~3")
Primers Direction Sequence (5'—3")
miR-433-3p F GGA GAA GTA CGG TGA GCC TGT
R GAA CAC CGA GGA GCC CAT CAT
U6 F CTC GCT TCG GCA GCA CA
R AAC GCT TCA CGAATT TGC GT
Tiaml F AGA TGG CAA GAG GGA GAAAGAAG
R GAC AGAACC AGG ATG GAG TGA AAT AC
B-actin F ACT CTT CCA GCC TTC CTT CCT
R ACT CGT CATACT CCTGCTTGCT

FIFEEIATIUA S . A DA, HARERE.
1.2.6 #m| &40 40/ miR-433-3p. Tiaml mRNA&
B U 1.2.27R S0 AR EE S ) SW4SOZH A,
Trizol#2 U HH S RNAJG DL — 2% PCRY 1, HAA
SR ZRTC ] B SN SR A T E 2 R — 20 I e R R
€ B & Ul B BT A (miR-433-3p N 2 UG,
Tiam1 W5 A B-actin), 54 BERIE IR BRIAR LA 2 22535
ST RIS BIHARX R, B G T A WKL

1.2.7 SW480%m it miR-433-3p&t Tiam 1 ¥21&) 4= 49
E BUEAC 20K SWASOZH /LA 5 L 1x10%/4L
()% A A 24 LA, A2 24 hE s HLRENL Y 9
Tiam1%84F +miR-433-3p-NC4L. Tiam1%¢4F +miR-
433-3p mimicsZl. Tiam1# 4= +miR-433-3p-NC4..
Tiam1 %74 +miR-433-3p mimicsZ , FRAM . BfA4
A Tiam1 3'-UTRHR 5 i ki 73 5l A1 miR-433-3p mim-
icss miR-433-3p-NCH A e 4 N SW4R04H A,
24 hJ5 FA RS 2 B 45 25 DR ks 0 3 7] 4 0 o 4% 2.
S L U7 s 2R T 1 I A A A
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CO,. 37 °C) 24 h, FHBEHLI Hyxt 4L miR-433-
3p mimicsZH. miR-433-3p mimics+pcDNAZL. miR-
433-3p mimics+pcDNA-Tiam 12, X} J& 2H 41 ffd A 1
FEATALFE | miR-433-3p mimicsZH 41 iU % % miR-433-
3p mimics, miR-433-3p mimics+pcDNA ZH 41 g
A Y miR-433-3p mimics 145 8 5 ki, miR-433-
3p mimics+pcDNA-Tiam 1 2H 41 Mo I 5 % 44 miR-433-
3p mimicsH Tiam 11 R IA AL, 24 hjE K H “1.2.37
1 CCK-8 R~ AR AR V& T RS 56 77 125 I e 45 4H 4 i A=
&R BBIEERCR, KA ©1.2.37% Hoechst 33258 %%

7 VRN % AR TR, SR <1.2.47 b 41 it 1)
IR S8 7 VA I % A PR RS BE RS, SR “1.2.47
Transwell S5 7 1A M 24 2H 41 i 1= 28 40
1.3 HiESHh

AHIE TR AR AR AT B R, P A bR
W2 (xts)F R, I LA GraphPad Prism 80311474t
THEEo T, A 22 5 LU IBCR F L R R 5 2404, W
W 2 )k —20 72 R LU AT SNK-g K56, P<0.05% 7R
ERA IR

2 HR
2.1 WeRFRIEAKEHE

SWAB0AH i A= A F-AE AN [RI R B IR T AL B N
YATFRK, 10 pg/mL. 20 pg/mLEZIEIEIR TR 1 1Cs
18, H10 pg/mL. 20 pg/mLAE IR F 2 XTNCM-46041 i
TEEMEAE L, DR A S 4% 10 pg/mL. 20 pg/mL ¢
IR RIATfEaRaess. WL,
2.2 BEPRFEXTSWA4804H BEIIETE A 2 M

WEPR TR 70 2 40 A B A s B B ) A
1735 SRR AR R LU 2 32 FRAIG (P<0.05); i
IRTHm R R A G A e 1 iy ) AEAE R, BRTK
A2 A BB R - 2 AR = AL B AIC (P<0.05) . BEIR
3R e 0 +miR-43 3-3 A i) 1) 2H 290 i 1 B A G
). AR, SRTEAE R A i R T R s A Tt
(P<0.05). W2, E3F1%2.
2.3 HEFRRFEITSWASOARAT . IEBAETER
A

IR T RIE. B EAEBEE. R
AH BT HEZH £5) FRAR (P<0.05), I T-3% . T Lt &
(P<0.05); WIKFHEmMBHMMITBIERE. 28
O P e R 1 2 KT B A BRI (P<0.05), TT-2 ., 1
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Fig.1 The effect of different concentrations of osthole on the survival rate of SW480 and NCM-460 cells
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Fig.2 The effect of osthole on the growth curves of SW480 cells

T EL i 1 (P<0.05) . ME PR T 2 77l E+miR-433-3p
PN BE R R B . 1R B EOH L R T 3 7
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ILE4~E7. K3,
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Bl FREE X EBRIERE M

WP PR T 2% m A2 A 4HEPCNA . N-cadherin.
Claudin-1%5 3R IE7KFAH LG B ZH I FEAIK (P<0.05),
Bax. caspase-3. E-cadherin&i [ & IAKF T &
(P<0.05); IR ¥ & &M E 440 PCNA. N-cad-
herin. Claudin-1%g & A/K A L g IR 1 2857 &=
ZH B (P<0.05), Bax. caspase-3+ E-cadherini 13
IEAKCETHE(P<0.05). MEPR T2 71l S +miR-433-3p
I FIZHAHIPCNA N-cadherin. Claudin-125 4%
15 7KP A B PR T 26 7 2 4L 1 (P<0.05), Bax.

caspase-3+ E-cadherin# [ K iA 7K FEK (P<0.05).
I8,
2.5 HBERRFZE X SW480£M At miR-433-3p/Tiam1
FKIERIF
WEPR T R AG. 7 4140 i miR-433-3p & ik
P AH B X BE 2 2 FF 55 (P<0.05), Tiaml mRNA K&
R KOP K (P<0.05); @K T % &7 E 4
4l miR-433-3p 3k 7K 1 #H L b R 1 = AR = 40
TH (P<0.05), Tiam1 mRNA K 25 [ 2% 7K T B#AIC
(P<0.05). WEIKT 2= 71l & +miR-433-3p i il 771 25
4 ffl miR-433-3p3 i 7K P #H LU b R+ 2= = f = 41
B (P<0.05), Tiam1 mRNA K & [ £k K P T+
(P<0.05). UWLE9FIFA4.
2.6 SW480ZRAfIFmiR-433-3pXf Tiam1 AR [E)i/E4%
miR-433-3p A Tiam 1 [H] &5 & 47 U8 i 25 star-
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Fig.3 Giemsa staining was used to analyze the colony formation of SW480 cells in each group
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Table 2 Osthole reduces the proliferation doubling time, survival rate, and colony formation rate of SW480 cells

415 5 £ G 0 5] /h AEAEH 1% TR %

Group Proliferation doubling time /h Survival rate /% Colony formation rate /%
Control group 33.46+0.62 100.00+0.00 100.00+0.00

Low-dose osthole group 37.71+0.58* 65.78+7.84* 68.83+7.33*

High-dose osthole group 42.65+0.70%" 37.23+5.11%" 39.75+4.15%"
MiR-433-3p-NC group 33.124+0.54 95.82+16.50 97.15£16.13

High-dose osthole+miR-433-3p inhibitor group 34.03+0.73% 91.96+19.17¢ 92.46+15.84%

X5, n=6; *P<0.05, 55Xt IRAAALL; *P<0.05, SR T HAGIRAM L, “P<0.05, SIER TR R4,
Xts, n=6; *P<0.05 compared with the control group; “P<0.05 compared with the low-dose osthole group; “P<0.05 compared with the high-dose ost-

hole group.

baseX#E ZE T 15, WA 10. TiamlEF2E +miR-433-3p
mimicsZH A X ¢ ' 25 B 14 AH b Tiam 187 42 +miR-
433-3p-NCH [F1IK(P<0.05); Tiam1 %48 +miR-433-3p-
NCZH A X % 6 2% B IS P AH b Tiam 1 5848 +miR-433-
3p mimicsZl JE B B 22 7:(P>0.05). L35,
2.7 miR-433-3p/Tiam1XfSW480ZH I tE5E R T,
ERARENBEIER

miR-433-3p mimics4l. miR-433-3p
mimics+pcDNAZL 0l 4 58 A5 MG I [R] . A= fr e, 48
AR B R (22250 tox) B 2H 3 BRI

(P<0.05), FT-%R . T HFF 5 (P<0.05). miR-
433-3p mimics+pcDNA-Tiam 12 2 [ 338 5 £3% 384 15 [] |
AR R TR R22H0H HE miR-
433-3p mimics4L 5 (P<0.05), W=, JHT-EH
P (P<0.05). WLEI11~E 16516

3 it

6] 45 P e R S W T L EL RO AR T
SRR, T4 BRI T AEIRE AT . RIEIRTT
SR RLRIT F B, (MR R B 55 K B
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Fig.4 Hoechst 33258 staining was used to analyze the apoptosis of SW480 cells in each group
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Fig.5 Flow cytometry assay was used to analyze the apoptosis of SW480 cells in each group
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Control group

Low-dose osthole group

High-dose osthole group

MiR-433-3p-NC group

High-dose
osthole+miR-433-3p
inhibitor group

E6 XIIRSEIE ) HT&LHSW4S0LHAEITFE

Fig.6 Scratch assay was used to analyze the migration of SW480 cells in each group

Control group Low-dose osthole group High-dose osthole group

High-dose
osthole+miR-433-3p
miR-433-3p-NC group inhibitor group

[El7 TranswellSE3 53 HrSW4S0HARIRZE1F ST
Fig.7 Transwell experiment was used to analyze the invasion of SW480 cells in each group
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Table 3 The effect of osthole on apoptosis rate, apoptosis ratio, migration distance and invasion number of SW480 cells

A1 JHT28/% T /% IR RS /um 12284

Group Apoptosis rate /% Apoptosis ratio /%  Migration distance /um  Invasion number
Control group 4.69+0.95 3.97+1.25 145.02+14.24 245.50+33.48
Low-dose osthole group 30.78+3.43* 32.01£2.92* 112.34+8.13* 164.50+18.64*
High-dose osthole group 61.54+9.82%* 58.4244.25%" 79.84+5.96*" 81.00+£10.39*"
MiR-433-3p-NC group 5.01+1.04 3.63£1.16 147.16+13.60 235.00+31.07
High-dose osthole+miR-433-3p inhibitor group 6.32+1.96% 5.14+1.67% 136.82+12.04% 232.50+37.21%

X5, n=6; *P<0.05, 5XTHEALAHLL; *P<0.05, 598K T KA EALAH EE; “P<0.05, SR TR i 4L AH .
Xits, n=6; *P<0.05 compared with the control group; “P<0.05 compared with the low-dose osthole group; “P<0.05 compared with the high-dose osthole group.
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A Ga P EVIE 53 AT B L SWASOZR L i T Je b e —[A] J5t i (A SR 88 1 B e B: 2 € B 43 M7 % ALSWABOLH M I8 1 K L J 1] J5 % AL A 2% B
HIEAKFo 12 AL 2: dEIR 7 BRI AL 30 MR T 2 a5 4 4: miR-433-3p-NC4; 5: #EPK 7 K & 7 +miR-433-3p il FI4l . X+, n=6;
*P<0.05, SXHIRALATEL; *P<0.05, SHRER T R AGRI AL EL; “P<0.05, Mg 1R @ E 4t .

A: immunoblotting was used to analyze the expression of apoptosis and epithelial mesenchymal transition related proteins of SW480 cells in each
group. B: semi quantitative analysis of protein expression levels related to apoptosis and epithelial mesenchymal transitions of SW480 cells in each
group. 1: control group; 2: low-dose osthole group; 3: high-dose osthole group; 4: miR-433-3p-NC group; 5: high-dose osthole+miR-433-3p inhibitor
group. X+s, n=6; *P<(.05 compared with the control group; “P<0.05 compared with the low-dose osthole group; “P<0.05 compared with the high-dose
osthole group.

[E8 HEPRFREXTSWAS0AERE - K £ B s (A X BB A RIS/
Fig.8 The effect of osthole on the expression of apoptosis and epithelial mesenchymal transition related proteins
in SW480 cells in each group
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AL, ©P<0.05, SIER 1R mif =AML

A: immunoblotting was used to analyze Tiam! protein expression of SW480 cells in each group. B: semi quantitative analysis of Tiam1 protein expres-
sion levels of SW480 cells in each group. 1: control group; 2: low-dose osthole group; 3: high-dose osthole group; 4: miR-433-3p-NC group; 5: high-
dose osthole+miR-433-3p inhibitor group. X+s, n=6; *P<0.05 compared with the control group; “P<0.05 compared with the low-dose osthole group;
“P<0.05 compared with the high-dose osthole group.

B9 AR TR & HSWAS0MAE Tiam 128 3 RIARIF
Fig.9 The effect of osthole on Tiam1 protein expression in SW480 cells of each group

F4 KT RXFSWAS0MAImIR-433-3p.  Tiam] mRNAFEIRIAKFHIZNG
Table 4 The effect of osthole on the relative expression levels of miR-433-3p and 7iamI mRNA of SW480 cells

Hl . ) .
miR-433-3p/U6 Tiam1/f-actin
Group
Control group 1.02+0.16 1.06+0.12
Low-dose osthole group 1.71£0.23* 0.75+0.08*
High-dose osthole group 2.2840.30*" 0.39+0.09**
MiR-433-3p-NC group 1.03+0.14 1.04+0.15
High-dose osthole+miR-433-3p inhibitor group 1.09+0.20% 0.99+0.16%

Xks, n=6; *P<0.05, SRIIHAAAEL; “P<0.05, LI T R AU R LA EL; “P<0.05, Hig IR 13 s Al B AL .
Xts, n=6; *P<0.05 compared with the control group; *P<0.05 compared with the low-dose osthole group; “P<0.05 compared with the high-dose osthole group.

Tiaml 5" cucuuguacauaagGUCAUGAc 3’

miR-433-3p 3" uguggcuccucgggUAGUACUa 5

E10 miR-433-3pFTiamlZ BRI ES LS
Fig.10 The binding site between miR-433-3p and TiamlI

Y {42 2% VS 38 3 f ) b Rz — 1A 78 5 B Ak RN 41 g 7, Tiam IVE N — e 309 40 Mo 3 7% AR 28 RV 1) e
TG Xt 5 e R AE DU ThRE W, 51 starbase B4 & JE [RIAE 22 o i gg v e 2R 19, IR Tiam 1383, mT 4
K I miR-433-3p Al Tiam 1 845 45 & 07 15, #EM Tiam1 il & e A P 3G 5 . B R ANIR 28 720, [A] Mk miR-433-
A RE & miR-433-3p 0 NI ELEEAE R 5, HAF AR 3p/Tiam 1 AJ 1 Ry &5 By () B ZE B G HE 4, AR )
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RS HLESWASOA AN RO RERIE M EELE

Table S Comparison of relative luciferase activity values of SW480 cells in each group

415 RO E
Group Relative luciferase activity values
Tiam1 wild+miR-433-3p-NC group 1.04+0.12
Tiam1 wild+miR-433-3p mimics group 0.33+0.05*
Tiam1 mutation+miR-433-3p-NC group 0.96+0.15
Tiam] mutation+miR-433-3p mimics group 0.97+0.13
X5, n=6; *P<0.05, 5 Tiam1 %4 +miR-433-3p-NCHL L #L
X*s, n=6; *P<0.05 compared with the Tiam1 wild+miR-433-3p-NC group.
Control group MiR-433-3p mimics MiR-433-3p MiR-433-3p
group mimics+pcDNA group mimicstpcDNA-Tiam1
group

E11 FHEEERE S TSWIS0MPAREEE i)

Fig.11 Giemsa staining was used to analyze the colony formation of SW480 cells
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Fig.12 The effect of osthole on the growth curves of SW480 cells in each group
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Control group miR-433-3p mimics miR-433-3p miR-433-3p
group mimics+pcDNA group mimics+pcDNA-Tiam1
group
25 pm
SRR R P TR .

Arrows indicate apoptotic cells.

[El13 Hoechst 332583 & 53 HTSW480 40 1 T
Fig.13 Hoechst 33258 staining was used to analyze the apoptosis of SW480 cells

miR-433-3p
miR-433-3p mimics miR-433-3p mimics+pcDNA-Tiam1
Control group group mimics+pcDNA group group
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El4 SRS 55 TS W4S0LERIIE T
Fig.14 Flow cytometry assay was used to analyze the apoptosis of SW480 cells
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Fig.15 Scratch assay was used to analyze the migration of SW480 cells
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Control group miR-433-3p mimics group miR-433-3p miR-433-3p
mimics+pcDNA group mimics+pcDNA-Tiam!
group

El16 TranswellSZ3 53 HTSWAS0LRAAIR 72
Fig.16 Transwell experiment was used to analyze the invasion of SW480 cell

6 HEIRT RIS R LEASWASOMAILFABIRETE]. £FR, KFEME, AR, AT, IBESSRERHZM
Table 6 The effect of osthole on the proliferation doubling time, survival rate, colony formation rate, apoptosis rate, apoptosis
ratio, migration distance, and invasion number of SW480 cells in each group

415 WETHAEIIN I/ EARR % BEIEERR Y TR % FHTHE% TR /um R

Group Proliferation Survival rate Colony forma-  Apoptosis rate  Apoptosis Migration dis- Invasion num-
doubling time /h /% tion rate /% 1% ratio /% tance /pum ber

Control group 33.46+0.62 100.00+0.00 100.00+0.00 4.30+1.06 5.62+1.14 143.28+11.43 248.00+32.95

MiR-433-3p 37.71£0.58* 43.62+5.07* 45.20+4.80*  62.05£3.14* 60.43+£2.91* 80.43+9.95% 82.50+23.10%

mimics group

MiR-433-3p 42.65+0.70* 45.84+6.10% 47.50+£5.35%  60.514+2.92%* 58.01+3.06* 82.61+12.04* 85.00+21.76*

mimics+pcDNA

group

MiR-433-3p 33.1240.54" 92.13+6.75" 93.10+5.80" 5.76+1.53" 7.27+2.30" 134.35+10.68" 223.50+27.25%

mimics+pcDNA-

Tiam! group

X5, n=6; *P<0.05, 5% M EL; “P<0.05, 5 miR-433-3p mimicsZ1AHLE
X5, n=6; *P<0.05 compared with the control group; “P<0.05 compared with the miR-433-3p mimics group.
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Fig.17 Mechanism diagram of osthole inhibiting the proliferation, migration, and invasion of colon cancer cells
by regulating miR-433-3p/Tiam1

7o AR SR A FRA N R LS R TS 5 B ETE /071101 B 18 W) = - 8% SULE 2 () N a9 )
Y s & B A R R B RAE B B ) 46 S5 e U AR ;59 ANASHIE 78 45 I8 R, PlmiR-
FEAMMIERE . 28R L R 78 AL AL A HIAE 433-3p mimics_[- 1 SW4804H il miR-433-3p, 7] X 4%



1980

)

BRI

¥ Je 4 e 21 5 e PR R AR R A B E L, T fE B
THSWA480Z il HF miR-433-3p 1 [F] i i %1% Tiam1, 7]
9855 b8 miR-433-3pXf 45 W dm A I b E H , &%
LARRIE IR T =N S e a3 e . b -l
JREEAL . IR AR 28 1 25 FEAL ]2 38 it F 1 miR-
433-3pifi F#AE Tiam 1 275 /KT .

gE L RTIR, WK & @ ff miR-433-3p3R
KT R U Tiam1, AT 01 225 iz e 40 b 2 —[R] 78 )53
oAk, BARILIE AR 28 G I, S L B (2 9 1 A i
VEAEF, 4% miR-433-3p/Tiam 1 %35 52 H 2 1L
Z o ARSCUFSE T WE PR 22 w045 [ i G 21 BH 2 1)
PuEAER, VPRI T ARSI, XACE R T
A TH U RE S5 s R AL, I LI IRTR A . PR
PRHE TR R A R R A, AT BT
I

SE Lk (References)

[1]  HAKKIL, KHAN A, DO E, et al. Tumour deposits are indepen-
dently associated with recurrence in colon cancer [J]. Colorectal
Dis, 2024, 26(3): 459-65.

[2] BIRGISSON H, OLAFSDOTTIR E J, SVERRISDOTTIR A,
et al. Screening for cancer of the colon and rectum A review on
incidence, mortality, cost and benefit [J]. Lacknabladid, 2021,
107(9): 398-405.

[3] ZHANG J, GUO Y, MAYY, et al. miR-433-3p targets AJUBA to
inhibit malignant progression of glioma [J]. Neuroimmunomodu-
lation, 2022, 29(1): 44-54.

[4] BRI, 45, PR, % miR-433-3p# [ HP 1BP340H1 5 5 41
B3 AE . LA AR 28 A8 71 (7). H 9 #AE #E 4% & (CHEN
H, CUIL J, LUO C, et al. miR-433-3p targets HP1BP3 to inhibit
proliferation, migration and inva-sion of gastric cancer cells [J].
Chin J Pathophysiol), 2023, 39(11): 1964-72.

[5] LAVICTOIRE S J, JOMAA D, GONT A, et al. Identification
of Rac guanine nucleotide exchange factors promoting Lgl!l
phosphorylation in glioblastoma [J]. J Biol Chem, 2021, 297(5):
101172-88.

[6] PAYAPILLY A, GUILBERT R, DESCAMPS T, et al. TIAMI1-
RACI promote small-cell lung cancer cell survival through an-
tagonizing Nur77-induced BCL2 conformational change [J]. Cell
Rep, 2021, 37(6): 109979.

[7] HE J H, LI Y G, HAN Z P, et al. The CircRNA-ACAP2/Hsa-
miR-21-5p/Tiam1 regulatory feedback circuit affects the prolif-
eration, migration, and invasion of colon cancer SW480 cells [J].
Cell Physiol Biochem, 2021, 55(3): 378-89.

(8] BN, 57, R, A SRR T AR AL ARSI AT 40 i 1 R
R Z2 A F ], N EEREHR 5 %4k (BAO X D, FANG

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

J, JIN J H, et al. The inhibiting effect of osthole on proliferation
and invasion of hepatocellular carcinoma cells [J]. J] Wenzhou
Med Univer), 2022, 52(1): 28-34.

MM, PR, (R, 5 R T R FLAE IR TR ) IR
Ji A% HepG-2 40 MU IS IR BT 52 [1]. oG BE 455 HTH 4% 35 (WU
MM, LIH M, REN HY, et al. Influence of osthole-loaded plant
galactolipid liver-targeted liposome on HepG-2 cells [J]. Chin J
Integr Tradit West Med Liver Dis), 2022, 32(6): 530-4.

Mrb A, XIARRE, WENER L B PR T 20 R Huh 740 f 3 58, 4
T2 K TS BUB L R 20 SALEIRTFE (D], hE 20T (YANG S J,
LIU C S, GAO L H. Effects of osthole on proliferation,apoptosis
and radiosensitivity of hepatocellular carcinoma Huh7 cells and
underlying mechanism [J]. China Pharm), 2020, 23(11): 2094-9.
SORRENTINO L, COSIMELLI M, SAMPIETRO G M. Lapa-
roscopy and survival in colon cancer: a further step beyond the
non-inferiority [J]? Dig Liver Dis, 2021, 53(8): 935-6.

ALTVES S, GUCLU E, YETISGIN E, et al. Upregulation of Im-
mune checkpoint PD-L1 in colon cancer cell lines and activation
of T cells by leuconostoc mesenteroides [J]. World J Microbiol
Biotechnol, 2024, 40(7): 204-16.

IIPEHE, X g PR 3 AT B Tea8 11340 MLJH T2 A1 5
g REA [J]. H e R B 2% 4% (SUN X Y, LIU X. Effects
of osthole on apoptosis and autophagy of human tongue cancer
Tca8113 cells [J]. Acta Acad Med Sine), 2021, 43(4): 501-6.
SN, T, T, S5 R 30 0 SR SKO V3 i I -
FISZIRT]. e B2 245 4 5 (HUANGFU M J, WANG J, YU D,
et al. Effects of osthole on apoptosis of ovarian cancer SKOV3
cells [J]. China J Tradit Chin Med Pharm), 2021, 36(1): 459-62.
TRE, KA. MR BA YT LB EALE R AR S B b
[7]. FFAERRERE 1A 44 & (XU R, ZHANG Y. In silico analysis of
the potential mechanism of osthole on breast cancer MCF-7 cells
[J]. Chin J Cancer Prev Treat), 2021, 28(13): 980-7.

LIT, LI S. Circ_0023984 facilitates esophageal squamous cell
carcinoma progression by regulating miR-433-3p/REV3L axis [J].
Dig Dis Sci, 2022, 67(3): 892-903.

JIN M, ZHANG F, LI Q, et al. Circ_0011292 knockdown miti-
gates progression and drug resistance in PTX-resistant non-
small-cell lung cancer cells by regulating miR-433-3p/CHEK]1
axis [J]. Thorac Cancer, 2022, 13(9): 1276-88.

ZHANG M, YU G Y, LIU G, et al. Circular RNA circ_0002137
regulated the progression of osteosarcoma through regulating
miR-433-3p/ IGF1R axis [J]. J Cell Mol Med, 2022, 26(6): 1806-
16.

HAN FJ, LI J, SHEN Y, et al. microRNA-1271-5p/TIAM1 sup-
presses the progression of ovarian cancer through inactivating
Notch signaling pathway [J]. J Ovarian Res, 2020, 13(1): 110-9.
ST, A, VRS, 5. LNX 1B TIAMI/ERKSS 5
IS A 3 T 200 A0 A R0 B R ZR AT AR (], SRR (WU
Y W, XIANG C M, SUN C W, et al. LNX1 inhibits the prolifera-
tion, invasion and migration of renal clear cell carcinoma cells
by regulating TTAM1/ERK signaling pathway [J]. Tumor), 2023,
43(1): 1-15.



