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Mechanism of microRNA in drug resistance in hepatocellular carcinoma
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Abstract

Hepatocellular carcinoma (HCC) is a common clinical malignancy, with the use of systemic
chemotherapy, the poor prognosis of patients due to chemoresistance is gaining widespread attention.
microRNA (miRNA), a type of non-coding RNA, plays an important role in the development of
hepatocellular carcinoma. A large number of studies have shown that miRNAs are also involved in the
formation of chemoresistance in HCC. In this paper, we analyze and summarize the mechanisms of

miRNAs in drug resistance in HCC, and we hope to provide new ideas for targeting and regulating

miRNA expression to reverse chemotherapy resistance in the future.
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1.1 miRNA5HYHE T4 aes ahE
I 40 MRS E A AR N (B SR — B A 5 2R A R
it P 1 2 9 5 0 B A, LA I AR PN Y 2 9
VA A1 P R0 A i P AR T 2 L B
i A SRR IR Y 4 A U R B i
1 P-## 75 [ (permeability-glycoprotein, P-gp) , ‘& 2k
JEF MDR1 1 ABCB1 S, 8 A5 3L MR Tif 25 25
H (breast cancer resistance protein, BCRP) , 3k Ji +
ABCG2 B, 47 WF 5 HE B il BCRP/ABCG2
P25 38 0 25 0 6 g A0 P R AR B EE b . LSRR
58Kk B, 76 5 e miR-383 #5114 i) HCC 40 g o,
ATP VL Je ATPAK# M 259 SMHEER 1 P-gp 17K - [
ik, 1 F 8 miR-383 9 i ik B MCURL f 4% #1 1
ATP (77 4 Fl P-gp 1Y £ 3k , X £ W] T miR-383/
MCURI1 {5 53 #% (%) 2% 8 5 8 P-gp o FiK Ff1 ATP
IR R AR 3 HOC (95098 25 9 40 HE R Ak g7 it
2Pk, KONG 255 % 3 miR-145 fE % 1 #4545 P-gp
A BCRP K 1Y 3-UTR, 78 5% 5% Jo 400 1 T 9 40 B oh
HE A ML WAL 2P S HE R 32 10 6 40 i %t 25 4
BOURE S5 . A R miR-1381-3p 76 fif 97 4 41
Hh i I, HL R0 A 0% o T 24 40 i 2R xR R
Je R, e — 2 BT 9 & B miR-1381-3p Al LA 3@ i
5 G PAKS BAE H L I 55 B-catenin 1Y % iR 1k >k

> ABCB1 By 335, 2 5 X0 4 Mt 25 (4 98 55 . 55
Ah A X T miR-381 YA 55 i s 1 HHE fi) A
il ABCB1 mYfig J1 , e & 3% % HepG2/Dox 4 il i) 1k
I 25k

1.2 miRNA 5 EMT I JZ-[A i 56 L (EMT) /&
& 1 20 i AR Y 35 2 1 & A e T 5 40 e R Y
A8 I FRAR T B (0 BE 1, 35 B 3 B A0 A 1 9 ok R
41 ifL 8] 3% 2 88 1 T B, b bR R 4 40 E-cadherin Al
Cytokeratin % ik B AL, 8] 57 ¥ 45 2549 41 N-cadherin |
Vimentin 1 Fibronectin 14 3 2% /K F -5 - 76 M 19
AR P EMIT BE {8 b /83 40 B 45 DL i A5G B
F kAT o BFFE A B B A R -Ta) R Ak
i A5 5 20 M A BT R T K BT 25 47 AR A S
A E 52 BT PISK/AKT 3@ B al DL ik &
HCC 4 it EMT = A= it 25, AKT 0 T i o0 F 2 —
——NUAKI1 (NUAK family SNF1-like kinase 1) ,
M4 ARKS, J&: R (2 28 FE B A G B . miR-204
AT LA AR T 98 40 A X 2 B 3E JE RN TR AR 2R A U
PR o0 R DR 32 R AR i B ] NUAKL
A1k, Western Blot F14e 5 56 % i 7k NUAKL £ ik
FEAIC S E-cadherin FF &1 11 Vimentin J# />, & ] EMT
VS H . miR-9 m ik 0 HCC 40 il & B AT 35
e B A O L & AT L GE S R 9 R 3 [ ETF5A2
FARRMME EMT™ . Zebl /& — Mo KA ML EMT
TS N, 0] DL ] E-cadherin 45 | Jz 3L K kA &
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EMT 145 Ff 9 41 Ja (4 4k 27 Bk |, 1 miR-3129-5p g
Uil 55 Zebl ) mRNA 2 5E 1 | B AR HepG2/Dox #l
Huh7/Dox #i Jifi H Zeb1 i) mRNA Fl 2 (1 5K F, 4k
E AN T 245 W ) OB . ST AR R B,
miR-125b-5p Al T & ATXN1 % A 6 38 55 b 783 40 g
() i A% fZ 28 fE J1, miR-125b-5p 5 EMT % 4] A1
56, Bl A T A A A ATXNT 3 R 3 5 o 48 58 o —
Fff EMT #% 5% [ F Snail B9 %35, it &5 G EMT fii
HCC R 15 1if 245 4% .

1.3 miRNA 5S40 EHET 4 A6 5 101 20 0 5 e 1
Rk B VI O o 5 4 A R A R A e o
A =2 — A R AR 1 (eycelins ) 5 — A 44 i &) 1A
F A (CDKs) | J& — R 22 5 W /75 2 R 8 1%
fiff , 68 6% [ Jo 0 2 11— 2 B R) 42 32 20 B 1S 0 5 —
£ 6 ] S0t 1 D8 7 3R (CDKIs ), AJ ASS 3 ey~
clins B /E FH it BHL - 40 i 2833 46 56 5 . Horb CDKs &
VA R 25 B 4% 0, eyclins X CDKs B A IEEEAEH
CDKIs %} CDKs #£ 47 7 4% . miR-106b-5p 7 i Ji
S FAth 22 o i ob i 3k, 5 OB AR K E T
BER A . BTG3 & BTG/ Tob Hi 58 & A 5 i h
BB, S 2 5 1 B A R Y 4 e R 0 R A R
it K it R A L . ENKHNARAN 457 58
% P BTG3 42 miR-106b-5p [ #E I , F§ miR-106b-
Sp ab B HCC 40 i 2 3650 17 40 M i) 36 58 5% B Skt
FHLJE AE e it 25 68 7, 33X S Rk e HE 1 B T
BTG3 9 & 3k 4k 7 $2 & H T 3 20 7 W0 cyelin E1,
CDK2 K HIE T4 F Bel-XL (1 3k , {8 40 g 15 3 A
G A S, A BF5E A B & B miR-10b-3p /&
PN F AR Py Z B FE JE T 24 40 i 2R b T B O 3 Y
miRNA Z — , miR-10b-3p fig % i# & # il cyclin E1
[ 3% 35 2 5 1 0 968 40 M 0 I 25 1 . MELK & —
Tofr JE1 0040 A5 A SR T, 2 5 400 U R 300 40 6 g e
Az ORI 0 T A R LA AR 2 R b b R Gk
THE It 5 BUR % YT 56 . miR-142-5p AT LAHE ) 4%
A MH MELK, # 58 HepG2/SR 41 i %f & H13E Je 18
I AR

1.4 miRNA SBUET 40808 T2 8 2k 0 40
MFE Tt A, 45 = iR 48 - — S N IR P B R A
WA, 38 3o SR AR R A T T S R AR
R & M /K f# B (cysteinyl aspartate specific protein-
ase, caspase) ; e AMEME ST Z KA T
HIME 5 005 A0 B 1Y caspase; —JE N BT MI& 4R . W1k
[ caspase 1 240 il P (7% F5 22 B 1 R i, DA o5 | RS 448
T KZETT 25 %) 68 2 — 2 19 3% 42 1 40 i

AT B SR A AR S 245 W Y 4R o R e 3k sk
SRBTA Y R P TAE R W 2 R A T 2

AR N AT VF 22 5 T AR T AR G B SRR 40
JiL AT DA i AR 3 R D) s AR T KT SR HIK BT A T
Z 54T 25 . H UL AR 8 T L AT caspase (Bax .
Bak.Bad .PUMA %, $it 8 T2 3 A 47 Bel-2 . Bel-XL |
Mel-1 55 . A At — 28 55 20 i 94 148 OC i IR 2
= PSS (1 U S I R S R I S 2 S e
FOXO3a J# 3 K45, PUMA (p53 1E [ 41 i 98 7~ 14
i 7 ) 2 A R T PN U R A AR (BRI AR ) T
—ANEEEM, M TELRIERIMNE, 5 Bel-2/Bel-XL
1 Bax/Bak A H./EH o & #EA2 A T-/E R, B R DL
SURNSRIN 3 A | S B ol i S R
FERNANDEZ-TUSSY %%/ % B , miR-518d-5p &
58 YT e A0 B ) B B RS 2, BIF 5 UE B miR-518d-
5p fiE 9% 41 i HLHE JE P e-Jun, M55 PUMA £ 34
e AmE A T, 78 CHENG % iF 58 b R B1L,
HepG2/SOR 41 it o' miR-92b % 35 B &+ &5 H.F
Jr e I F L SORESF MMM 1, qRT-PCR 2
7~ £ HepG2/SOR Hid # 38 miR-92b 1] 3 3 PTEN
f) S 1K AR, 2K 11 p-m TOR Fll p-AKT #9485 11 5 K F
B, 22 B miR-92b A] LU o M il PTEN #3% HCC
0 g b PISK/AKT/mTOR i % , /v % & i 3F Je i}
2, AP R T miR-124-3p. 1 1 2% F 3%
K 55 b g A i X 2R P AR JE UM G, B RR Y H 2
5 AKT2 FI SIRT1 #9 3'-UTR &5 & 4 il & 169 %
S, N 4 3 FOXO3 1 25 15 R 1k F1 2 Bt 4 ok A2 F
Y M98 T . miR-345-5p f 3k W A] DL 5 & R
Je X i A LAY A% B AR L AT DLadE i 45 5 TOP2A
) mRNA CDS X 0k A2 #F mRNA 1) R f# | e 2 filh
% caspase-3 Fl c-PARP A5 (1 41 g 98 7~ 3 F2
1.5 miRNASBE [ 8 X5 T4 MEEAT 5
— i A MR PSR T, S LR A AR A OGS A
8 R T R I A R A LB A B P T R A7 4
Mg o R . FEARI AR RN, B MR AR E
A REA A SUCEAE ] IR AR BRAE B0, 5 W AT DU BR
248 1Y) 2 L g T AE R 20 B OE R 45 R R L R R E
T bR & A s R B R, A W AT DL i
S A M 0 A A S e R TG L ELREXTHLARIT 25 . R
2, A WA R 1) kA R R KT 2 1 1 7 A ey B
HEMO ., NEPAHEMECEFMER FEA .
ULK1/2, ATG2, ATG5. ATGI6L1, Beclinl,
MAPILC3 %, CHEN % % B 1E I 40 i 985 40 21 K%
R AE JE i 25 41 i kR T, has-miR-30a-5p i % ik &
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= TP IR SME AT ATGS A Beclinl , has-miR-30a-
5p Al REIE i FE K Beclin-1 1 AT G5 235 - il 15w
ok A 27 i Jeg 1 R, DA A e A E X 2 9 O B
B, XU % NF5E & B, miR-541 J& HCC v —f
SR ELAE T2 09 B g 4 1 M miRNA HAE K 4 b
gt BRI HER A S HCC 4038 T, SE 56 3E
miR-541 3 & ik F # T ATG2A Fl RABIB, [ 1K
HCC 4 rh LC3 1T B 7KFIf 4 i 1 P62 YR , A
77 V0 ) FEF 200 6 9 %) 20 R R B W o TIN5 A2 1 i 3
PR, miR-26a/b J& HepG2/Dox 41 Jitd T & 5 1 1 /Y
miRNA, 1 ‘& B8 0 i B W {2 #F HCC 40 fg 94 7=,
ULKI1 iy [ Wi a6 B B iy 20 75 55 A 3 J& miR-26a/b
1Y e L P, miR-26 38 2k 8 ] $0 f 5% 5k J5 ULKL .,
Beclinl J2 ATG7 (1) 335 7K - fe 52 3709 1 g 40 i1
M3 5 HCC X% Dox By SR I 2 # HCC P 1
1.6 miRNA 5EH M 250 T2 P MO 1Y i I i
AR AE FH 3R 3 0 — P Re Bk 19 40 i A8 T 5 5, 7 g
WE AR i g 40 ) S Ak T 2 v A R AR
27 B Z2 T 40 00 1 3 4 R 4 . A8 e H IR G SR Ak
fit} 4(GPX4) fg i 2o vl /D Bk 4 g A G Bl G % K
TG WA A(CACSLA) SR RAE T . A WFR ™ R I,
FPLAE ST 25 40 g b s 22 35 19 miR-23a-3p Al LA 2
AR GPXA I ACSLA f 235 , M T A 2504 1
BRBET ok A A5 20 M i 24 % o

JIev JE2 240 B 1% 396 5 0 A B8 RO A SRR R A L AR R
S RE A Y S H SRR A SRR TR i 5 — S R 0 1k
JEPiMEA X ZHANG 250 % 3, & fr 6 2 it 25
oA Mo Y A AR RS L 20 LAl i IR L
(CLCF1) %2 miR-30a-5p (4 G ] #1 1a) 98 5 , HAE Tif 25
A0 B L IE S PISK/AKT 15 5 38 %, 44 fin 3
S B BEBE 5L ) GLUT3 HK2 K PDK1 %3k , fi%
238 L R T P A0 A AR R 2 R AN T 25, miR -
30a-5p/CLCF1/PI3K/AKT ¥ 35 4% Bk & HCC 41 iy
R R JE T 24 R R0 I A A DG HIL TR A — 38 43
BERGAMINI % AVt 2 22 R Hi 4 e 797 B9 HCC
R Tl = oo W A <3 oL IS =% & N ]
miR-494 3k , 7F miR-494 i3 & 3K i 41 IS i #8 °F m%
P i 26T B LA L R 1Y 0 K X BT R A U A
I, 3 W 0L FsF 248 M T i BB T 3 4 A W 6 1R
it A T IV 35 (G 6pe) 1 Sk 2 24 131 35 AT i et W e A
T B M3 R 0 2 BT 1R B AN I AE TG R 7E HCC R
BAF Hfr BRI GOpe 7K 15 1% 28 1 Mg R AE A AR
TEWI AR AR 56 o 1 miR-494 g 1l G6pe 1 35 K
B HCC 40 e 2 $7 3E e 1 25 1 , 32 B miR-494

i 2 HCCIRIF MLy W br &y .
2 miRNA 5F 4 REm 255597

1 miRNA 7€ b9 it 25 /) T2 B v % 5 8 24
JH miRNA 8 7E 36 T7 W I AE HCC 45 31 8 o
LM TE . BT miRNA B8 Y7 5 s 1 34 1
Ffr s (1) FH B 4504 88 2 3k 38 75 % 5 miRNA; (2) F]
FHAS B30 25 B 4 2 miRNA (HAE R Y7
i B miRNA T I 25 50 [ 3ef 26 XfE A 53 5 i 22
Je 5 W% W TR T 4 i A ) R . 22 0 B A A R B R 1Y
AL miRNA b8 50 1] 2% 16 99 0K 2R Ge 45 DL A6 i
FEME &

XUE % A" 5™ % -5-%U R 1 (5-DFUR, #&
J 2 VE R AT ) .miR-122 il Ep166 i it 14 41 2% i 24
BACAAR A Ay i e A 1 R ek R B B 0 R R R 2 ) 0
%R G, Epl66 iE Bl /& 5 EpCAM FE 5+ 45 &
YERA S8 A HCC 400, 38 A 98 40 i 5, 25 8501453
fif B i miR-122 M Ep166,5-DFUR #% 1k iy 5-FU,
45 miR-122 76 4k y7 B & W [FAE . HC-
SP4 J& —Fh 12 2 FE R 1) 2 K, BE 4% = 1 5 HCC 21
JL R 285 4, XTAO S5 M g 7 — ROl 8 1 HCC
#LE DOX 1% 3 2248, B A HCSP4 {8 196 i o 14 28 1A
(HCSP4-Lipo-DOX-miR101)# DOX Al miR-101 %
K TR S PR A 3 B HCC 40 s v, 25 SR 3iE W] 76 HC -
SP4 5| 5 F i 5% T DOX I &L, miR-101 & &4
il MDR, % 8 DOX fiif 25 /) HCC 40 g 58 1~ F1 4= K
ELIN TS

TE 20 BE 7= A2 S0 s 1A 0 40 g 28 A v ) A 26 ) 7
B 40 (MSCs) 7= it fie . LOU %594 miR-122
23K TR Yl B 17 20 2K 151 ) 78 5 T 48 ML (A M-
SCs) , B Ji Wi £ Ho 43 Wb i S b AR JF 5 5-FU s &K $i
EJC AW N2 HCC 40 M v, 9256 & 3 miR-122 &
M i) AMSCs A1 i 4 m] L 1 184 3 41 At 5 1~ % BHL 7
4 e Ji 1 R 38 i HC C 48 i Ak 7 SO M . MIR-199a-
3p Al i HCC Y b 4 08 M 0 B B2 1 45 5 %
fi# , LOU % A3 i miR-199a 18 5 77 J8 G Al 12 id
B 20 0 K 2 B A5 ) MR- 199 1& 1 (1 41 i A
(AMSC-Exo0-199a) , H 7] A % /i & miR-199a 1]
HCC 41 i i 36 2% o WF 58 3E B AMSC-Exo-199a i 13
P mTOR i #1458 HCC A7 SUSE | 1 76 7
HCC /N B b # bk 1 51 19 AMSC-Exo-199a 7] L) 43 fii
) b Jeg 20 20 H. B 2 18 DOX Fe 4K I i B s VE
e HCC Ay U v B2 A0 S w .



%5 £ miRNA 7E A0 0 g i 245 v i 4 AL 687
3 ggf’nﬁ'— [3] FORNER A, REIG M, BRUIX J. Hepatocellular car-
cinomalJ]. Lancet, 2018, 391(10127): 1301-1314.
miRNA 28 Egn s T8 Mo mE [4] SIW,SHEN J,ZHENG H,et al. The role and mecha-
GIpA Tl Ok B £ 3 4 5 B miRNA g/% IS nisms of action of micrornas in cancer drug resistance[J].
Clin Epigenetics, 2019, 11(1): 25.
HCC 154 iIRNA
ferriit 2y, & H TZIKYE?}:E/J *Hﬁ m [5] CHEN X P,WANG Q,GUAN J,et al. Reversing mul-
TEHCC fif 25 T i 77 AL, #E 1 ] £33 22 miRNA tidrug resistance by RNA interference through the sup-
] HE R 0 R T 24 B — o7 o LSS h AT A TR) pression of MDR1 gene in human hepatoma cells[J].
AR T O U0 R TR 2 A0 A N AR A B2 56 Sk A6 T R World J Gastroenterol, 2006, 12(21): 3332-3337.
5 3 miRNA {6 /7 41 A8 i (0 T 2 0L 06) 5 B g9 (6] TIUANG W CLHSIERLY L, HUNG € M, et al
AT o S " P BCRP/ABCG?2 inhibition sensitizes hepatocellular car-
5 BF 5% B AR BT X6 B miRNA K H R i 10 1) 43 , ) ) )
. . ) cinoma cells to sorafenib[J]. PLoS One, 2013, 8(12):
TIEHIRE , KigiE R 20 77 77 2 miRNA K 83627,
%TW%*W%mmMWA%$TWH%§ AL [7] L1Y.,WU A, CHEN L, et al. Hsa_circ_0000098 is a

I RFANTHZEZ IR . BEE T £ miRNATEA
*ﬁﬁ*ﬁ%ﬂﬁ%%r&%*ﬁﬁ%Lild
miRNA 697 $8 2 (9 58 1] 36 97 HOR 50706 o A 46
JH 982 7E P B R I 3 7 4 R 1 O 1 AR A

%1 miRNA 7£ BT 28 ff 2 1 25 s B9 4E FR

miRNAs bR Bl 27 30k
miR-383 MCURI,p-gp iz (7]
miR-145 p-gp,BCRP g (8]
miR-1381-3p PAKS5,ABCB1 g [9]
miR-381 ABCBI §iz [10]
miR-204 NUAKI1 LB In) i Al [13]
miR-9 EIF5A2 b R T R Ak [14]
miR-3129-5p Zebl R T R Ak [15]
miR-125b-5p ATXNI,Snail L A F R Ak [16]
miR-106-5p BTG3 24160 ) 40 [17]
miR-10b-3p cyclinEl 200 Jif J1 48 [18]
miR-142-5p MELK 44160 ) 44 [19]
miR-518d-5p ¢-Jun,PUMA 4T [21]
miR-92b PI3K/AKT AT [22]
miR-124-3p.1 AKT2,SIRT1 A [23]
miR-345-5p TOP2A M T [24]
miR-30a-5p ATGS5,Beclinl [ [25]
miR-541 ATG2A,RABIB I [26]
miR-26a/b  ULKI,Beclinl, ATG7 I [27]
miR-23a-3p GPX4,ACSL4 BRAET: [28]
miR-30a-5p  CLCF1,PISK/AKT 4 %M I [30]
miR-494 G6pc ol 1 it [31]

5% Xk

[1] SIEGEL R L,MILLER K D,FUCHS H E, et al. Can-
cer statistics, 2021[J]. CA Cancer J Clin, 2021, 71(1):
7-33.

[2] MCGLYNN K A,PETRICK J L., EL-SERAG H B.
Epidemiology of hepatocellular carcinomalJ]. Hepatolo-

gy, 2021, 73(Suppl 1): 4-13.

(8]

(9]

(10]

[11]

[12]

[13]

[14]

[15]

novel therapeutic target that promotes hepatocellular
carcinoma development and resistance to doxorubicin
[J]. J Exp Clin Cancer Res, 2022, 41(1): 267.

KONG J,QIU Y,LI Y, et al. TGF-B1 elevates P-gp
and BCRP in hepatocellular carcinoma through HO-
TAIR/miR-145 axis[J]. Biopharm Drug Dispos, 2019,
40(2): 70-80.

LIT T,MOU J,PAN Y J,et al. MicroRNA-138-1-3p
sensitizes sorafenib to hepatocellular carcinoma by tar-
geting PAKS5 mediated § - catenin/ABCB1 signaling
pathway[J]. J Biomed Sci, 2021, 28(1): 56.

PU B, YU X,CAO Y, et al.
drug resistance by negative regulation of the CTNNB1/
ABCBI pathway in HepG2/Dox cells, and the diagnos-
tic and prognostic values of CTNNB1/ABCBI1 are iden-
tified in patients with LIHC[J]. DNA Cell Biol, 2021,
40(12): 1584-1596.

KODAMA T,NEWBERG J Y, KODAMA M, et al.

Transposon mutagenesis identifies genes and cellular

miR-381 reverses multi-

processes driving epithelial - mesenchymal transition in
hepatocellular carcinomalJ]. Proc Natl Acad S ci USA,
2016, 113(24): E3384-E3393.

XU T,ZHANG J, CHEN W, et al. ARKS5 promotes
doxorubicin resistance in hepatocellular carcinoma via
epithelial - mesenchymal transition[J]. Cancer Lett,
2016, 377(2): 140-148.

YU Y,WANG Y, XIAO X, et al.
patocellular cancer drug
through targeting NUAKI[J].
2019, 97(5): 563-570.

BAO Y,ZHANG Y, LU Y, et al.

microRNA-9 enhances cisplatin sensitivity in hepatocel-

MiR-204 inhibits he-
resistance and metastasis
Biochem Cell Biol,

Overexpression of

lular carcinoma by regulating EIF5A2-mediated epitheli-
al-mesenchymal transition[J]. Int J Biol Sci, 2020, 16
(5): 827-837.

LONG L, XIANG H, LIU J, et al. ZEB1 mediates
doxorubicin (Dox) resistance and mesenchymal charac-

teristics of hepatocarcinoma cells[J]. Exp Mol Pathol,



638 BDUK 2 2 4l (B 2 i) 5546 %
2019, 106: 116-122. 3227.

[16] HIRAO A,SATO Y, TANAKA H,et al. MiR-125b- [26] XU W P,LIUJP,FENG J F,et al. MiR-541 potenti-
5p is involved in sorafenib resistance through ataxin-1- ates the response of human hepatocellular carcinoma to
mediated epithelial-mesenchymal transition in hepatocel- sorafenib treatment by inhibiting autophagy[J]. Gut,
lular carcinomalJ]. Cancers (Basel), 2021, 13(19): 2020, 69(7): 1309-1321.

4917. [27] JIN F,WANG Y, LI M, et al. MiR-26 enhances che-

[17] ENKHNARAN B,ZHANG G C,ZHANG N P, et al. mosensitivity and promotes apoptosis of hepatocellular
MicroRNA-106b-5p promotes cell growth and sensitiz- carcinoma cells through inhibiting autophagy[J]. Cell
es chemosensitivity to sorafenib by targeting the BTG3/ Death Dis, 2017, 8(1): e2540.

Bel-x1./p27 signaling pathway in hepatocellular carcino- [28] LU Y,CHANY T,TAN H Y,et al. Epigenetic regu-
malJ]. J Oncol, 2022, 2022: 1971559. lation of ferroptosis via ETS1/miR-23a-3p/ACSL4 ax-

[18] SHAOY Y,CHENP S,LINLI,etal. Low miR-10b- is mediates sorafenib resistance in human hepatocellular
3p associated with sorafenib resistance in hepatocellular carcinomalJ]. J Exp Clin Cancer Res, 2022, 41(1): 3.
carcinomalJ]. BrJ Cancer, 2022, 126(12): 1806-1814. [29] LUNT S Y, VANDER HEIDEN M G. Aerobic gly-

[19] LIH,GAIL,WU Z,et al. Maternal embryonic leucine colysis: Meeting the metabolic requirements of cell pro-
zipper kinase serves as a potential prognostic marker liferation[J]. Annu Rev Cell Dev Biol, 2011, 27:
and leads to sorafenib chemoresistance modified by miR- 441-464.
142-5p in hepatocellular carcinomalJ]. Mol Biol Rep, [30] ZHANG Z, TAN X,LUO J, et al. The miR-30a-5p/
2022, 49(4): 3015-3024. clefl axis regulates sorafenib resistance and aerobic gly-

[20] YU J,ZHANG L. No PUMA, no death: Implications colysis in hepatocellular carcinomal[J]. Cell Death Dis,
for p53-dependent apoptosis[J]. Cancer Cell, 2003, 4 2020, 11(10): 902.

(4): 248-249. [31] BERGAMINI C,LEONI I, RIZZARDI N, et al. MiR-

[21] FERNANDEZ - TUSSY P, RODRIGUEZ - AGUDO 494 induces metabolic changes through G6pc targeting
R, FERNANDEZ-RAMOS D, et al. Anti-miR-518d- and modulates sorafenib response in hepatocellular carci-
5p overcomes liver tumor cell death resistance through nomalJ]. J Exp Clin Cancer Res, 2023, 42(1): 145.
mitochondrial activity[J]. Cell Death Dis, 2021, 12 [32] XUE F,LIN X,CAIZ,et al. Doxifluridine-based phar-
(6): 555. macosomes delivering miR-122 as tumor microenviron-

[22] CHENG Z,NI Q, QIN L, et al. MicroRNA-92b aug- ments-activated nanoplatforms for synergistic treatment
ments sorafenib resistance in hepatocellular carcinoma of hepatocellular carcinomalJ]. Colloids Surf B Biointer-
via targeting PTEN to activate PI3K/AKT/mTOR sig- faces, 2021, 197: 111367.
naling[J]. Braz J Med Biol Res, 2021, 54(9): e10390. [33] XIAO L,HOU Y,HE H,et al. A novel targeted deliv-

[23] DONG Z B, WU H M,HE Y C,et al. MiRNA-124- ery system for drug -resistant hepatocellular carcinoma
3p. 1 sensitizes hepatocellular carcinoma cells to therapy[J]. Nanoscale, 2020, 12(32): 17029-17044.
sorafenib by regulating FOXO3a by targeting AKT2 [34] LOU G,SONG X, YANG F,et al. Exosomes derived
and SIRT1[J]. Cell Death Dis, 2022, 13(1): 35. from miR-122-modified adipose tissue-derived mscs in-

[24] RUAN Y, CHEN T, ZHENG L, et al. ¢cDCBLD2 crease chemosensitivity of hepatocellular carcinomalJ]. J
mediates sorafenib resistance in hepatocellular carcino- Hematol Oncol, 2015, 8: 122.
ma by sponging miR-345-5p binding to the TOP2A cod- [35] LOU G, CHEN L, XIA C,et al. MiR-199a-modified
ing sequence[J]. Int J Biol Sci, 2023, 19(14): 4608 - exosomes from adipose tissue - derived mesenchymal
4626. stem cells improve hepatocellular carcinoma chemosen-

[25] CHENM Y,YADAV V K,CHU Y C,et al. Hydroxy- sitivity through mtor pathway[J]. J Exp Clin Cancer

chloroquine (HCQ) modulates autophagy and oxidative
DNA damage stress in hepatocellular carcinoma to over-
come sorafenib resistance via TLLR9/SOD1/hsa-miR -
30a-5p/beclin-1 axis[J]. Cancers (Basel), 2021, 13(13):

Res, 2020, 39(1): 4.

(2023-03-16 W ki)
@mE NFEx



