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Myotubularin-related protein 6 promotes invasion of hepatocellular carcinoma cells

by activating the PI3K/AKT/mTOR signaling pathway
LIANG Xiao', CHEN Hongyu’, PENG Xueqin' 'Department  of General Medicine, *Department of
Gastroenterology, University Town Hospital of Chongqing Medical University, Chongqging, 401331, China

[ Abstract | Objective To explore the effect of myotubularin-related protein 6 ( MTMR6) on the
invasion of hepatocellular carcinoma cell line HepG2 and the potential molecular mechanism. Methods By
analyzing the sequencing results of liver cancer tissues and adjacent tissues in Gene Expression Omnibus
(GEO) database, MTMR6 gene was screened out, and Spearman analysis was used to analyze the correlation
of MTMR6 and pathway in the Cancer Genome Atlas ( TCGA) database. Finally, the interaction between
MTMR6 and signaling pathway proteins was analyzed with Genemania database. Then the expression of
MTMR6 in human normal liver cell line 1.LO-2 and hepatoma cell lines Huh-7 and HepG2 were measured and
compared among the cell lines. Then HepG2 cells was selected as the study object. After MTMR6 gene was
knocked down or over-expressed in HepG2 cells, Transwell assay was employed to observe invasion ability,
and Western blotting was adopted to detect the expression of MTMR6, PI3K, p-PI3K, AKT, p-AKT, mTOR,
p-mTOR MMP-2 and MMP-9. Results The expression of MTMR6 was significantly higher in the
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hepatocellular carcinoma tissues than the paracancer tissues, and it was in a positive linear correlation with
PI3K/AKT/mTOR signaling pathway (P<0.01), showing interaction with PI3K, AKT and mTOR. The
expression level of MTMR6 was significantly higher in the HepG2 cells than the LO-2 and Huh-7 cells
(P<0.01). Over-expression of MTMR6 obviously enhanced invasion ability ( P<0.01) , while its knockdown
decreased the ability ( P<0.01) in HepG2 cells. Knockdown of MTMR6 gene also resulted in decreased
phosphorylation of PI3K, AKT and mTOR, and expression levels of MMP-2 and MMP-9 ( P<0.01), while
over-expression of MTMR6 promoted the phosphorylation of PI3K, AKT and mTOR, and up-regulated the
expression of MMP-2 and MMP-9 (P<0.01). In addition, L.Y294002 (a specific PI3K inhibitor) treatment
could block the PI3K/AKT/mTOR pathway and down-regulate the expression of MMP-2 and MMP-9
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(P<0.01), but had no effect on MTMR6 expression. Conclusion

MTMR6 may promote the invasion of

hepatoma cells through activation of PI3K/AKT/mTOR signaling pathway.
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5 PI3K AKT .mTOR Z [AJfF7EAH EAEFIC R (& 1D) o
2.2 MTMR6 {2 AT 7% 4 B HepG2 & & K -F A 2H 5

AR 4 & B MTMRO 7 JiT 98 vh 3R 8 Ty,
itk — BRI — 45 5, Kl MTMR6 78 A IE 5 T4



252

Bl 4242 PR R 241, 2024,46(3)

http ://aammt. tmmu. edu. cn

i Z (LO-2) 4N 5 ( Huh-7 #l HepG2) ) 3Rk 1%
o ZEJ LB, 5I1E % 40 LO-2 A kb, MTMR6 7£
Huh-7 I8 40 M H 0 ek i T, H 25 R B Ge 22 0
X, 1 MTMR6 7E HepG2 2 fitd Hh it 26 35 7K -1 S T H g
ZEFBGIFE L (P<0.01,E 2),
2.3 MTMR6 4 5845 HepG2 2 i1z &4k A

Syt —3E 5T MTMR6 X 1T 40 MU 42 22 fE )1 152
Wi, B S fi il MTMR6 2 K 1+ 3% 35 bz ( OE-MTMR6 )

GSE146049
Tumor Liver vs Non tumor Liver, Padj<0.005

-log 10 (Pvalue)
o - ~N “w > o o ~ ©® ©

log2(fold change) A

108:(S) = 15.:50. p = 2.63¢~13. Pspearmn = 0.37. Clogs, [0.27, 0.45], gy = 371

3

0,60~

PI3K_AKT_mTOR_pathway

i § C

H i
Log2 (MTMR6 TPM + 1)

Net works
= Co-expression
= Co-localization

B Genetic Interactions
® Pathway PIEN

¥t HepG2 iy , il ad Transwell SCI6G G0 AN MR 22 HE
1,85 KL B, 50 B4 RN A3 3805 R B g 4 A L,
MTMRG6 b 335 Bk % Y2 HepG2 4 = 28 HE 1 W] ik
Hom, 22 A g L (P<0.01) 5 B J5 {8 1] siRNA-
MTMR6 5% 4% HepG2 4 Jifd, 18 i3 Transwell 5256 46; 46 24
MIRZBRE 1, 25 R L B, 5% BRALR/ N4 RNA B
X R QLH AR L, /T4 RNA-MTMR6 #% 4L 4 HepG2
YA 22 HE T W] i R R (P<0. 01,5 3) ¢

GSE146049/ILMN_1717180/MTMR6

08

06

04

02

I T

|
l
|
1

0

-02

GSM4363495
GSM4363496
GSM4363497
GSM4363499
GSM4363500
GSM4363489
GSM4363490
GSM4363491
GSM4363492

GSM4363493
GSM4363494

Tumor Liver

= expression value B

PIK3R1

FKBP1A

RPSEKB2
Physical Interactions

Predicted MAPKAP1

Shared protein domains

~

RGCC

PHLPP2

PDK1

RPTOR/~

WEIF4EBR1, |
g L AKTASY

A B:Jk GEO % # & F 3K Bx MTMR6 & B f2 I % Ao dE 58 T 40 2% P o9 R A 15 B C. K TCGA #0383 I Y
MTMRG6 #8 % #4915 5 iB % ;D : A Genemania 2K 4% & F 5475 MTMRO6 49 6912 5 @R K G X A ey ZEX &

E1

LO-2 Huh-7

HepG2

MTMR6(72x10°)—

A: Western blot #-#] MTMR6 & & f£ &t it & 44 &k ;B: 2B 54 & G A& AP

& ES 1 MTMR6 7EFHE AR RIE AR IBXINEE

a

0.6
it
Py
"
= 04+
=
i
et
§ 0.2 1
=
F
=
0_
LO-2 Huh-7  HepG2 B
211l
a; P<0.01

2 MTMRG6 7£ LO-2 Huh-7 1 HepG2 Afah iRz E R



http ://aammt. tmmu. edu. cn [t ZE 25 B8 R 22 R, 2024 ,46(3) 253

e

T

Ty

L RNA P B L Yed] JNT4E RNA-MTMR6 %5 4u4H
o R — I e g /

;

1

b
3

-

.3

% %

s‘;
ey e M
& S e v S

»
*.
R ety

;f‘i“}'} P, ¥
A:Transwell 2304 40 fEAZ 248 1B Rt ST B WM IR AL A 2 F 1. BE;2. TR WAL,
3:MTMR6 i& % ik st e 20 ;4. F 38 RNA BT B 45 3205, s F 3 RNA-MTMR6 %% 348 ;a. P<0. 01

3 MTMR6 EExf HepG2 R/ 1HIF T

2.4 2 MTMR6 #7%] PI3K/AKT/mTOR i@ % &4k 2481)MMP-2 fl MMP-9 [ % ik /K, 45 5 Bk . 5%

VA% MMP-2 F= MMP-9 #) % & HEZL /N TP RNA B P X B A% e 2 A L, /D T4

i JH] siRNA-MTMR6 %% 4 HepG2 #H i 5, il RNA-MTMR6 #% 4t 40 HepG2 4 i p-PI3K/PI3K,

Western blot # il MTMR6 . PI3K . p-PI3K ( phospho  p-AKT/AKT p-mTOR/mTOR , MMP-2 I MMP-9 [) 3
Y458) AKT. p-AKT ( Ser473 ) . mTOR | p-mTOR ( Ser BB TR, 2985055 L (P<0.01,E4),

78' " s —
1 2 3 Egj 1.0 a 5@0.6 EE 1.0 a

MTMRO(72x10°)—>  s— = — ﬁ‘ 0.8 H% ®os
=< Z04 =

pPIBK(127%10°) > s e e % 0.6 EX 706

NIl

PIBK(127%10°)— s w—— 4z 0.4 0.2 % 04

£02 2 £0.2
p-AKT( 56><103)HM = = =

— s 0 L L0

AKT(56X10%)— we— v— —

it |
p-mTOR(289x10°)— s 8 S0 ;é! 06 B
#®
mTOR(280x10°)—> - s s Z 04 = 06
— = =
MMP—2(72x103)Hm 0 7 04
— ¥ 0.2 u 02
MMP-9(92x10%)—> £ 2
- =
E
Bractin(42x107)— mm——— T 0 y =0

F

1o 3¢ 84052 F 40 RNA Pl xd f8 45 4403 /T 4 RNA-MTMRG %5 4448 ;a: P<0. 01
A ;Western blot #&#] MTMR6 ,PI3K ,p-PI3K( phospho Y458) AKT ,p-AKT(Ser473) .mTOR ,p-mTOR ( Ser2481) MMP-2
MMP-9 #= B-actin %% & 2k K-F;B~G: £ SR G LEARF

& 4 B MTMRG 3 PI3K/AKT/mTOR & ;5L & MMP-2 1 MMP-9 %% 2500



254 Bl 4242 PR R 241, 2024,46(3)

http : //aammt. tmmu. edu. cn

2.5 it % ik MTMR6 423 PI3K/AKT/mTOR i@ % &
ALV % MMP-2 F= MMP-9 44 % ik

fdiF MTMRO6 K& PR ixh 32 3K 4 B 5% 2 HepG2 4l
J5, fdi il Western blot £ I MTMR6 ., PI3K , p-PI3K
(phospho Y458) AKT ,p-AKT(Serd73) .mTOR ,p-mTOR
(Ser 2481) \MMP-2 F1 MMP-9 [ ik /K, 45 1 B s,
5 50) B ZE RN 28 2RTORE G YL 41 AH L, MTMR6 33 2858 Jihr
Myt 4 HepG2 4l g # p-PI3K/PI3K, p-AKT/AKT,
p-mTOR/mTOR ,MMP-2 1 MMP-9 3%k B i 7+ &5, 2%
FA G R (P<0.01,K]5)

1 2 3

) 1.5
MTMRO(72X10°)—>  s— e s— K
PPIBK(127x10°) > e e e = 10
o
PI3K(127x10%)—> s — s s
- 2 ot
p-AKT(56x10°)— ””‘ S
4 Z
AKT(56x10%)—> mm—s——
p-mTOR(289x10°)— —‘.. n -— Eglﬁ
K
MTOR(289X10°) > wem— — E1o
MMP-2(72x10%)—> S — - o
) i # s
MMP-9(92x10°)—> . S
=
Bractin(42x10°)— wmm wm—c— 1 0

2.6 LY294002 pa i PI3K/AKT/mTOR i@ % T
MMP-2 MMP-9 % ik {23 MTMR6 %A &% %

g i — 2 B 3F MTMR6 5 PI3K/AKT/mTOR i %%

Z AR G AR L (AR S PISK i) 351 LY294002 FH
Wi PI3K/AK/mTOR i %, fiff i} Western blot &1l MTMR6
) 2R IR 7K T, 45 3 W, 5% B F DMSO 20 A L,
LY294002 4b¥2H B & i p-PI3K/PI3K  p-AKT/AKT |
p-mTOR/mTOR [ HLAE L) 52 MMP-2 FI MMP-9 135357k
SE-(P<0. 01) ;i LY294002 BH I PI3K/AKT/mTOR i@

X MTMR6 FiEmsZ I 25 7 g it X (K 6) o
I8 0.8 - a
3 o ﬂ_@ 0.8 T
*j_‘v 0.6 1 & 0.6-
= =
= =
@ 0.4+ "{E 0.4
1
0.2 -
; % 0.2
& oA T oA
B 1 2 3¢ © 1 2 3 p
215 2159
1 0.6 4 L 0.8
£ 04 i 061
= U =
Z % 0.4
H‘E{ 0.2 9 024
X o.\
S o S o
= 1 2 3 = 1 2 3
E 2531 F Gt G

L322, &Rt 4 20,3 . MTMRG it 4 ik 45 #: %40 ;a, P<0.01
A:Western blot #-%] MTMR6 . PI3K .p-PI3K ( phospho Y458) AKT .p-AKT(Ser473) .mTOR .p-mTOR ( Ser2481) MMP-2
MMP-9 B-actin $ % & &k KB~ G 2 FHAHE G RA KT

E5 if%ix MTMRG6 Xf PI3K/AKT/mTOR & 8% {1 MMP-2 MMP-9 334 B9 2500

MTMR6(72x10°)— |

PI3K(127x10°)— 206
o

p-PI3K(127x10°)— - e 0.4

| . y v 00,2

P-AKT(S6x10°)—  SE—G———

p-mTOR(289x10°)— " — —

1 2
2

®

E
MMP-2(72x10°) > W () 4

e

MMP-9(92x10°)— SuGc——

o]

=

E

[=9

B-actin(42x10°)—  S———

e
[}

-
=)

. a

I# 0.8
xS

OE S
=
(o)}

N
~

p-AKT 2 I AHX
o
o

1 2 3
15 G

1: Control £2;2:DMSO #8;3:10 pmol/L LY294002 #8;a: P<0.01
A:Western blot 4] MTMR6 .PI3K .p-PI3K ( phospho Y458) AKT .p-AKT(Ser473) .mTOR .p-mTOR( Ser2481) \MMP-2,
MMP-9 B-actin 4 % & Kk K F;B~C: £ E 4T E G K& KT

B 6 1Y294002 3f MTMR6 ,PI3K/AKT/mTOR i & L % MMP-2 MMP-9 3 iA B 2200



http ://aammt. tmmu. edu. cn

il 45 %2 B R, 2024,46(3) 255

3 it

1278 TR S R AN B S R AT 2 — e
SHBERRBUG LT EERRE, kY
90% 1) i J2d 55 5 Fie 28 W0 T R e LA/ P 2 R e b 9 1
AR SRR B TR R TR 40 i R A U
5 B VRPN )7 R LA 4 B SR R 7
A KT A T B 5 SR iR 4 i A R S
98 % JE 3ok Pt T B R I P Pl AR, 244 98 400 7 o Ak
PRI R R, AR S LA A R R

MTMR6 2B R WUREAS R IR A 1 1 0, 545
VFZ AN A W2 FE ROV, I A4 L T L i
BRAy2S AR s RS L . © A SCERIRIE , MTMRG
55 W Jeg 40 S B0 Ak A AT O, A PR 40 494 5
PSPk i MTMRG J&: 752 15 i 4 Jf {2
ZEHE ST, BTG SO E . A SOk IE , 5 MTMR6
[fl > MTMs 5% B b3 i MTMR2 i i 7K % IFNy/
STATL {5 S i B 1R 2% s MIMR3 % Hij™= )
PdInsSP i it #41% Racl 38 5 9 40 M0 (4 3T % F04=
2" PrdInsSP 4152 MTMR6 =)' 33 BEiF 4%
W], MTMR6 [ REZ 5 ¥ MR MM R 22, AUF5
RIN, MTMRG6 7 JH- 9 41 il HepG2 4 Jifd b 5 5 3R ik
UL MTMR6 ik, 1 HepG2 (12786 77 , i 1t 421k
MTMR6, £ HepG2 %L (278

KA 5T W], PIBK/AKT/mTOR 1553 % 4
R 0 i 1) A RAR 220 W IR TR JLIE-3 Y
(PI3K) FBAFTE TAM R, BoA & E Ima I wig i
W4 OUTE 5 1, T 2 5 UL G T A W R A , AT
A 5 e S, PI3K B (18 4 £ MR o B
W0 PI3K BB S S B3, 4- 0 R W IR UL R
(PIP2) %75 3y 3,4, 5- = B BR Wi i Tk LA ( PIP3) |, i
PIP3 fE R (5 S N &F PH 454919 AKT {5
SEAMELS G, P8 AKT P 5555 2 40 i 52, 9K 314
G4k, I S BN E IR 308 Kb FITE 22 H R 473 ib kA
BEIRAL , HETT S 30 AKT s ™ o 3616 AKT 7.5
A7 3] 40 5 R Z0 A P, P T 20 5 g 3 42 U A
53 F mTOR, 32 5 P840 A0 A 10 0% 2 AR
ZRIAT 7% 45 R Wyt 20 . A B 5T % W PI3K/AKT/
mTOR 155 1 §% 2 55 I 42 190 20 I 1) 45 28 Rk 120
LI 2020 9 g1 SOS1 7] fE5i 1 3 7% PI3K/AKT/mTOR
M AT S b R - B AL, BT 184 988 200 B ) R 22
STERMEERS . ZHAO 257 % 3 NAP1LS 41| PI3K/
AKT/mTOR {5545 S, i 17 41 i JH- 9 40 L 3% 7 L a2 %
MIRZE, ok, EF4 R EAN (MMPs) 25404k
SR (ECM) 1920 % , 2 559 40 12 28 AH 56 i T %2
BE 7 7E MMPs 21563 (A 5t o, MMP-2 F1 MMP-9

WA NTEN R AN 5E R bl TR Y . TSAL 451
i3t , Stellettin B 5 34 PI3K/AKT/mTOR 5 & F 14
MMP-2 1 MMP-9 33k, By 1k T 40 i & A 1R 28 Fnd%
o SABFFEARRIAY IS, AT TCCA $idi 1 & 31
PI3K/AKT/mTOR {2 % 5 MTMR6 22 ik /K SF 5 1F
A O, JF H7E HepG2 40 il v o 3iF 52 1 UL 3K
MTMR6 #iil T~ PI3K/AKT/mTOR {555 38 #% (1) 1 1L LA
% MMP-2 fl MMP-9 (3235 , i id 335 MTMR6 T4 it
PI3K/AKT/mTOR 1% = i & (1) 3% 4k LA K2 MMP-2 FiI
MMP-9 py3Rik. Bbsbh, F ATl T PI3K/AKT/mTOR
{55 B%, & 3 MMP-2 Al MMP-9 )2 ik F i, i
MTMRG6 (] KN Z 540, X L4551 E B, MTMR6 1]
AE /& PI3K/AKT/mTOR {5553 #% 1 W JR 45 4 1, i
1% PIBK/AKT/mTOR {5 25 1% i 5 MMP-2 FiI
MMP-9 A5 e A M i 1R 28

25 LTk ,MTMRG6 1E a4 2 2 450k, il ad
Pod PI3K/AKT/mTOR {5538 B Aie 2 JH- 98 41 1= 28
ST MTMRO Xof JH-Ji 40 MU= 22 68 I A R4 LA S 7
()53 FHLE AT LA B A R A S TR S

Sk

[1] SUNG H, FERLAY J, SIEGEL R L, et al. Global cancer
statistics 2020: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries[ J]. CA
Cancer J Clin, 2021, 71(3): 209-249. DOI. 10. 3322/
caac. 21660.

[2] LLOVET J M, KELLEY R K, VILLANUEVA A, et al.
Hepatocellular carcinoma[ J]. Nat Rev Dis Primers, 2021, 7
(1): 6. DOI; 10. 1038/s41572-020-00240-3.

[3] REHL, Mk, k¥ ZAMEYREHEHEIRTT

NI ERELT]. P E SIS R, 2021, 41(6) ; 710-
713, 718. DOI: 10. 19538/]. cjps. issn1005-2208. 2021. 06.
17.
ZHU Y W, XIE Y J, ZHANG X W. Progress in the
application of silica nano-materials in the treatment of liver
cancer[ J]. Chin J Pract Surg, 2021, 41(6); 710-713,
718. DOI: 10. 19538/]. c¢jps. issn1005-2208. 2021. 06. 17.

[4] LIU X, HU Y, LI C R, et al. Overexpression of YEATS2
remodels the extracellular matrix to promote hepatocellular
carcinoma progression via the PI3K/AKT pathway [ J ].
Cancers, 2023, 15 (6).: 1850. DOI. 10. 3390/cancers

15061850.
[5] CHOUDHURY P, SRIVASTAVA S, LI Z, et al. Specificity
of the myotubularin family of phosphatidylinositol-3-

phosphatase is determined by the PH/GRAM domain [ ] ].
J Biol Chem, 2006, 281 (42): 31762-31769. DOI. 10.
1074/jbc. m606344200.

[6] SRIVASTAVA S, CHOUDHURY P, LI Z, et al. Phospha-
tidylinositol 3-phosphate indirectly activates KCa, , via 14



256

Bl 4242 PR R 241, 2024,46(3)

http : //aammt. tmmu. edu. cn

(7]

(8]

(9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

(17]

(18]

amino acids in the carboxy terminus of KCa, ,[J]. Mol Biol
Cell, 2006, 17(1): 146—154. DOI; 10. 1091/mbc. e05-08-
0763.
WANG Y, LEI X, GAO CY, et al. MiR-506-3p suppresses
the proliferation of ovarian cancer cells by negatively
regulating the expression of MTMR6/[ J]. J Biosci, 2019, 44
(6): 1-11. DOI. 10.1007/512038-019-9952-9.
SANCHEZ-GARCIA A, RIOS-IBARRA C P, RINCON-
SANCHEZ A R, et al. Use of proteomic analysis tools to
identify HCV-proteins down-regulated by acetylsalicylic acid
[J]. Ann Hepatol, 2013, 12(5). 725-732. DOI. 10.
1016/S1665-2681(19)31313-4.

WU M, CAT Y L, YANG Y, et al. Vitamin D ameliorates
insulin resistance-induced osteopenia by inactivating the
nucleotide-binding  oligomerization  domain-like
protein 3 inflammasome[ J]. Heliyon, 2023, 9(2) : el3215.
DOI: 10. 1016/]. heliyon. 2023. e13215.

LOPEZ J I, CAMENISCH T D, STEVENS M V, e al.
CD44 attenuates metastatic invasion during breast cancer
progression[ J|. Cancer Res, 2005, 65(15): 6755-6763.
DOI: 10. 1158/0008-5472. can-05-0863.

LY, LIU H, HUANG Y Y,

endoplasmic reticulum stress-induced invasion and migration

receptor

et al. Suppression of
through
heparanase[ J ]. Int J Mol Med, 2013, 31(5). 1234 -
1242. DOI; 10.3892/ijmm. 2013. 1292.

LI Y W, LI Y, LIU J H, et al. Expression levels of
microRNA-145 and microRNA-10b are associated with
metastasis in non-small cell lung cancer [ J]. Cancer Biol
Ther, 2016, 17(3) . 272-279. DOI. 10. 1080/15384047.
2016. 1139242.

CREE I A. Cancer biology [ M ]//Methods in Molecular
Biology. Totowa: Humana Press, 2011: 1-11. DOI. 10.
1007/978-1-61779-080-5_1.

HANAHAN D, WEINBERG R A. The hallmarks of cancer
[J]. Cell, 2000, 100(1): 57-70. DOI. 10. 1016/s0092-
8674(00) 81683-9.

EFFERTH. Molecular principles of cancer invasion and
metastasis ( Review) [J]. Int J Oncol, 2009, 34(4) . 881—
895. DOI: 10. 3892/ijo_00000214.
SRIVASTAVA S, LI Z, LIN L, et al. The
tidylinositol 3-phosphate phosphatase myotubularin-related
protein 6 ( MTMR6) is a negative regulator of the Ca®'-
activated K™ channel KCa, ,[J]. Mol Cell Biol, 2005, 25
(9): 3630-3638. DOI. 10. 1128/MCB. 25. 9. 3630-3638.
2005.

JIANG L, LIU J Y, SHI Y, et al. MTMR2 promotes
invasion and metastasis of gastric cancer via inactivating
IFN~/STAT1 signaling[ J]. J Exp Clin Cancer Res, 2019,
38(1): 1-16. DOI. 10. 1186/513046-019-1186-z.
OPPELT A, HAUGSTEN E, ZECH T, et al. PlKfyve,
MTMR3 and their product PtdIns5P regulate cancer cell

of breast cancer cells the downregulation of

phospha-

[19]

[22]

[23]

[24]

[25]

[29]

migration and invasion through activation of Racl [ J].
Biochem J, 2014, 461 (3). 383-390. DOI. 10. 1042/
bj20140132.

SCHALETZKY J, DOVE S K, SHORT B, e al.
Phosphatidylinositol-5-phosphate activation and conserved
substrate specificity of the myotubularin phosphatidylinositol
3-phosphatases[ J]. Curr Biol, 2003, 13(6): 504 —509.
DOI. 10. 1016/50960-9822(03)00132-5.

WEN X F. The PI3K AKT pathway in the pathogenesis of
prostate cancer[ J]. Front Biosci, 2016, 21(5);: 1084 -
1091. DOI. 10.2741/4443.

KHAN K, QUISPE C, JAVED Z, et al.
curcumin, paclitaxel and miRNAs mediated regulation of
PI3K/Akt/mTOR pathway: go four better to treat bladder
cancer| J |. Cancer Cell Int, 2020, 20(1): 1-19. DOI;
10. 1186/512935-020-01660-7.

GASPARRI M L, BESHARAT Z M, AHMAD FAROOQI A,
et al. MiRNAs and their interplay with PI3K/AKT/mTOR
pathway in ovarian cancer cells: a potential role in platinum
resistance[ J ]. J Cancer Res Clin Oncol, 2018, 144(12):
2313-2318. DOI: 10. 1007/s00432-018-2737-y.

FANG Y K, JI W J, YAN C. Research progress of PI3K/
PTEN/AKT signaling pathway associated with renal cell
carcinomal[ J]. Dis Markers, 2022, 2022. 1-4. DOI: 10.
1155/2022/1195875.

LUSM, LIU Y H, TIAN S, et al. KIFC, regulates
progression of hepatocellular carcinoma via EMT and the
AKT/mTOR pathway [ J]. Exp Cell Res, 2023, 426(1):
113564. DOI: 10. 1016/j. yexcr. 2023. 113564.

LIYH, YINY L, HE Y, et al. SOS, regulates HCC cell
epithelial-mesenchymal transition via the PI3K/AKT/mTOR
pathway[ J ]. Biochem Biophys Res Commun, 2022, 637.
161-169. DOI. 10. 1016/]j. bbrc. 2022. 11. 015.

ZHAO R, GE Y Z, GONG Y J, et al. NAPILS targeting
combined with MYH9 inhibit HCC progression through
PI3K/AKT/mTOR signaling pathway[ J]. Aging, 2022, 14
(22): 9000-9019. DOI: 10. 18632/ aging. 204377.
CHANG M. Matrix metalloproteinase profiling and their roles
in disease [ J ]. RSC Adv, 2023, 13(9): 6304 - 6316.
DOI.; 10. 1039/d2ra07005g.

GIALELI C, THEOCHARIS A D, KARAMANOS N K.
Roles of matrix metalloproteinases in cancer progression and
their pharmacological targeting [ J]. FEBS J, 2011, 278
(1): 16-27. DOI. 10. 1111/j. 1742-4658. 2010. 07919. x.
TSAITC, WU W T, LIN J J, et al. Stellettin B isolated
from Stelletta sp.

Resveratrol ,

reduces migration and invasion of
hepatocellular carcinoma cells through reducing activation of
the MAPKs and FAK/PI3K/AKT/mTOR signaling pathways
[J]. IntJ Cell Biol, 2022, 2022; 1-9. DOI. 10. 1155/
2022/4416611.

(%5 :2023-04-12; & [H . 2023-09-19)

(%% F5RJE)





