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Latest Research Progress of the Mechanism of Non-coding RNA in
Chemoresistance of Hepatocellular Carcinoma
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Abstract: Hepatocellular carcinoma (HCC) is the fourth leading cause of cancer-related death, following lung cancer, colorectal
cancer and gastric cancer. Chemoresistance is currently the major challenge in clinical treatment of HCC patients, and it is also
the primary cause of the poor prognosis and high recurrence rate of patients. There are multiple factors and complex mechanisms
in the occurrence of HCC drug resistance. Recent research has shown that non-coding RNA (ncRNA) is closely related to
HCC chemoresistance. By regulating the expression of target genes and protein translation, ncRNA affects the occurrence,
metastasis, and prognosis of HCC and is expected to become a therapeutic biomarker and potential drug therapeutic target for
HCC. Therefore, this study reviews several common ncRNAs, including long non-coding RNAs(LncRNAs), miRNAs and
transferRNA(tRNAs), in the molecular mechanisms and research progress of HCC chemoresistance, providing new ideas for
solving the problem of HCC chemoresistance.
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1 WS iZ RNAs (transfer RNAs, tRNAs) DL K HoAth 2 51 i)

4 e de: ( hepatocellular carcinoma, HCC ) J&—
NS = A G e L N € o e > SN L SR e
FIFET 4B o X T FARYIBRA HCC 3%
KU, TR R RE. SR, RISV 25 /2
W] HCC J I FRIAY 7 Y S B (RS A 553 2,
SSHE LR, Wi EE G . Bk,
TRER HCC Ryt 24 A Vs e A s i S AR AL
X4 HCC Wi MARURITT B CEE, T
JET 25U 2 4 Hovw AW AEk, MEE e
MFEARG LR, AMTkB—IAN g E A T
RNA B9 4% 1% RNA (non-coding RNA, ncRNA), fJ
5 K #% 9F 4% % RNAs (long non-coding RNAs,
LncRNAs), f#/)» RNAs (microRNAs, miRNAs), %%

/N RNAs, X 26 ncRNAs £ 5 {550 56 [K] 1) 22 3k A
EEATA R, HS5ERIE S MR AL SR
25U B, BT, BFoE R ZFh ncRNAs 18
S AR . AN Rk, S5 R
HIPRT | B4 | RZEFAEYEIIRE, 7E HCC A .
HRMBUGhERERE/EM Y. Fi%E X ncRNAs 5
HCC A Iw ML TR AT, R 8 2 10 55040 2 I
ncRNAs 5 HCC LS 2 &MV R, AN
HCC J&I7 FObR G P REAE A 253 P i ¥, AR
LR BN AMIFSE, BT neRNAs 25 @b T7 it
E AL Aot R vE g, R fifak HCC fbJ7
i 25 B2 HoRr ) JEUES . BARHIL LR 1.
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*1 ncRNAs FEFHE L T2 P 1B R
Vsl 7 Je2i RNAs J67 FikKF LA A EZ DU
Lk mEA EXIE A LncRNA POIR 1 miR-182-5p 7]
LncRNA H19 1 miR-675 (8]
LncRNA SNHG3 1 miR-128/CD151 9]
UEhmeillz] bEEE LINC00467 1 miR-509-3p/PDGFRA [10]
ESIE A LncRNA HANR 1 miR-29h/ATGYA [11]
LncRNA PDIA3PI 1 miR-125/124-TRAF6 [12]
(GF S
LncRNA MALATI 1 miR-3129-5p/Noval [13]
Z Hfit2h WIbFIHN LncRNA NR2F1-AS] 1 miR-363/ABCC1 [15]
5- FIRMEIE LncRNA MALAT1 1 HIF-2a-MALAT1-miR-216h [16]
rEEE LncRNA HOTAIR ! TGF - B I/HOTAIR/miR -145 [17]
A A 1, ESIET miR-486-3p ! FGFR4 and EGFR [22]
5- FURBENE miR-32-5p 1 PI3K/Akt 23]
EIE 3 miR-375 | PDGEC [24]
g ikik miR-23a-3p 1 PTEN-PI3K/AKT [25]
/ miR-122 l MCP-1 [26]
miR-889 1 MICRB [27]
IR A B AT R 7 miR-451a ! ADAMI10 [29]
miR-212-3p ! 7EB2 [30]
WEE miR-520¢-3p l CDK2, LEFI, Mcl-1, P53 31]
/ miR-149-5p | MMP9 32]
il / {RNA-Lys-CUU 1 KARS 36]
{RNA-ValTAC-3 {RNA-
GlyTCe-5 {RNA-ValAAC-5 1 / [37]
{RNA-GIuCTC-5
fifga 4 / Gly-IRF 1 NDFIP2/AKT 39]
5IRF-Gly 1 CEACAMI [40]
R / 5"-1iRNA-Gln ! EIF4A1 [41]

2 LncRNAs 5 HCC {Lirmizy

LncRNAs J&—28 K BT 200nt H A& 4ifid 8
F Y RNAs, TERIGHERS. W, 228, &4+
R 2 ) R A A A T T R AR T AR .
LncRNAs 155 2Rk JL-T- 2 Iir A 2S8R AE S HAH G
IEEAE R SE R ARAE B BT A ST & BLZFf LncRNAs
1t HCC b 5 Rk, Jf 5 HCC &2 & Mk yy i 2}
UG, J& HCC % J it F vh A ] 20 iy i 4 A
T O SH IR LncRNAs A DL b 4s H i - 6]
FJF AL (epithelial-mesenchymal transition, EMT),
ALY T 1 LK 24 ) s AR ) SRR R A
YEF, Mg HCC ARy i 25
2.1 LncRNAs i ¥ EMT # 42 fiff 5¢ % W] EMT
TE HCC MM Fet i Kk iyt 2l rh B B %l

YER, © £3F 5% LncRNA-POIR, LncRNA H19
LncRNA SNHG3 #] LL# 55 HCC H1 (1) EMT # 2,

HE T 52 0 % 25 9 0 S5O . 7F HCC H, LncRNA
POIR" 33k 5 R P IE Je UMk S A OG . Bilad
I 1) miR-182-5p fi£ ¥ HCC 41 ig 7 i) EMT 3t Ji2,

FHCHCC 4ifigxt R AEE =AM 25, R, @bk
LncRNA POIR H] fig i 4 i3 77 HCC Y 18 7 48 A5

e, SHISPIE R UL, BUEKHF LncRNA
H19™ 7E HCC i Fakiiin, IS5 RPAEem 2
A, WL LncRNA H19 &I miR-675 /KF,

AT LA HCC H i EMT, M3 88 HCC 41 ffd %
P RPLAE e U, AN, BFSE & B LncRNA
B/ F RNA 15 F 3K 3 (SNHG3 ) 7E =565
£ HCC 4N h iy 36k B35 74, IF 5 B IR A7
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FAX P, LncRNA SNHG3 74 miR-128 AYTEF4E
se g bE 1A CD15S1 g &3k, 1 CD151 BE 9% 0 3%
HCC * EMT &b 2, M52 HCC 20 fg X & 7 4F
Je W BURE, I, LncRNA SNHG3 1R 7] fE i i
P45 CD151 4+ S EMT 35 5 HCC ¥R FiIEE
FIR 251

2.2 LncRNAs Bzl A = aEE#% IR E
B, 2 LncRNAs A DLl o P8 4 4 08 T Fn [ g
WAV HCC X259 25, Hob, JEEA
i fih RNA 467 (LINC00467) 1 HCC "k & I B A
B E A, I B R KT U fEYRE
LINC00467 7] L4 HCC 4 it 50 52 Bl 75 5 Je i 5
B PR T, AR HCC Ry E . ZEHLHI L,
LINC00467 /£ 4 miR-509-3p 19 ¥ 45, 14 5 HCC
21 A e i N B TR M A K BT 22 4 A BUAE (platelet
derived growth factors receptors A, PDGFRA) ] 3
ik, BN HCC 40 M X B P s 2 i 25 M i
B LINC00467 %£ K J5 & 38 HCC 2 Jfd ity i 7 3 48
i, HFRELE T A HCC M i A Rtk
LINC00467/miR-509-3p/PDGFRA % — ifi }% 7£ HCC
BTG Je i 2 v R T EEAEH . 5T
W] LncRNA 40 AHOC ) 9E 4 fih RNA(HANR )
TERPLAEJE MR 24 i HCC 40 i Fgl 21 b 23k H 3,
HiE L [ miR-29b (&K, il ATGOA /K,
HETT5 S HCC 4l & A= B Wk B AR X R fr R JE i
A7 R ME, T & FETR 250, X B WS S
RIS 258248 T A A . F4h, LncRNA
A AL S A A G A 3 R 1(PDIA3PY)
AT DL L BOE NF-w bl i, BSRPLT-FS, #
P11 HCC 4t i S 32 Bl 85 2 AE 5 DR A T, 38 i
Xof Bl B 2 A AR 20 UL AR P R S E B U
2k PDIA3P1 1143 35 AT LA il B 98 S5 Foh B8 A 40 1) A
Ko Ui, 7ERTEE R HCC 2 At
LncRNA A I B % A< 1| (MALAT1 ) 3R
35 FE, TMUTER LncRNA MALAT1 J5 2 #F HCC 41
JOJET, 8t B R A UEE . Noval 78 A
JEEUE IR S HCC AN RIS MHC, 1ER & K it 2
B 24 if T 20 21 rh % 3 LncRNA MALAT] 38 33 miR-
3129-5p ki 5 Noval [y £ ik, HEmife ¥ HCC XF
BT ZR M 245

23 LncRNAs if 3525 M kis ik R ik L2t 24
(multiple drug resistant, MDR) [ 3 % Ji [K 2 5 P 2
Vs RsE N, SEGUEAYIIR, TS 2
YIrE i h R B . Horp, ATP 254 & (ATP-binding
cassette, ABC) ¥z 85 H Y b I 2 T 80t 25 41 ff 2
PR B LA DR R MY ST & B, LncRNA
NR2F1-AS1 78 B ybF i 25 19 HCC ZHZUR40 i v

Fih 1. LncRNA A% 32 AR 15 2F A5t 1 )2 X
RNA (NR2F1-AS1) fE & miR-363 i 4, i i 42
R 25 [ ABCC Y635, 385 Xk B Vb 60 B4 i
24 51 Ak, NR2F1-AS1 iR T B vb R 5 245
HCC 40y 385 . R AT N MR, mibR
NR2F1-AS1 J&, BUPHFEARIN250E B3 . o —
TR & B, LncRNA MALAT1 fE by 9 25 5 75 5-
SFIRMENE (5-fluorouracil, 5-FU) T 25 HCC 21 it
Zi5 R, @I R miR-216b 355 H M E T HCC
1Y £ it 25 % (multi drug resistance, MDR ) . {ji
Bk MALAT1 7] LA 5-FU 15t 25 40 Jf it 21 310 )
JE (ICs,) , MhsmXt 5-FU AL y7 80U 12 0F 5%
YK % 78 HIF-2a-MALAT1-miR-216b #l| £ HCC %&
A MDR 3 2 i FEAEH UL geAh, BFgE A
LncRNA HOX #% 5% = . RNA ( HOTAIR ) i# i 17
il miR-145 [ &L N MDR AHCEE 4, P- BEEE
H (P-glycoprotein, P-gp) F1FL AR AT 25 25 FH (breast
cancer resistance protein, Berp) A % ik, M S5
HCC 4t L8 Je r= AR i 25, X — R s T
HOTAIR 7 HCC H145 MDR BI#HHLE, WITFREA
I A B T A L T

DL b g5 SR T — 4 ] L o 7 Y HeC
EMT 2 B2, 40 M 0 T A0 0k DL K 25 B s 1R Y
235 ok W #58 HCC fL 7 Tif 245 ) LncRNAs, X 3% #i
LncRNAs fEZ R EY b AR, U HEE N
miRNA WA AR 2 EZA/EH, H5 miRNA 1
RS F-HUHI G i — 25T
3 miRNAs 5 HCC LFritzh

miRNAs J& —F A i i 2 1 RNA #9527 N I
PEOF, BT LSRR 3° JERIIEIX 455,
FEAEIG 57 J5 7K T H 5 mRNA P53/ 35 B 6
miRNAs | {2 25 ZF )l e, AR %5 |
BEFEAN 25 . B TEE AT RAE R B i R, o]
DIE R g SR R, e JhE Hh & 5 BB 1Y
LI, ZFh miRNAs 7E HCC FF 5 ik,
AIEHE HCC Uit 3ass . ¥ . REMm 2. H
rfh— 2 5t 245 4 56 £ miRNAs i 7] DL Fii HCC i
FEAAY . 58 IR miRNAs 7] DL i
i ge M A A A A e b R A R A A T R
kA, WITES HCC fbyrim gy 2%,
3.1 miRNAs 42 f & A & 58 09 I8 A e
HCC &HEME B —AEHEAE, A 0 i
A, T2 MR A ME IR, JIF s
PRI Mg A HCR LA RS B, ) s () it
CLZUESE, miRNAs 78 1048 A ik 2 v 47 1
HIEAAE P BRI RW, #E HCC 41 b A
F21K miR-486-3p Ji, 1] LA o 0 m) i 41 4 41 At A=
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KA F-3Z 44 40 FGFR4 JFIIF f7 A K IR 3Z A& EGFR )
(A ekt A i A8 AR A, s DX &R AR e 1
i 250 [ e sh P A v, 3 38 miR-486-3p
Je oY LA S 3 T B g A B e Ah, RIS R R
miR-32-5p 1E 4 e {2 ik IR 7+, 78 5-FU B9 it 25
PR Ay eIk N, I H 5 HCC BF A KT
JE RIEA G, PUHIBFFE R, miR-32-5p i i i
PI3K/Akt 8 A2 F [ R - 8] 70 00 Ab R I 45 A= B
AT S B 40 LT 5-FU (9T 25 2, S5 iAe R,
Y g e Jeg 30 1 PR 1~ 9 miR-375 15 R 3E 2 it 25 1
HCC 41 il 26 35 B AR . miR-375 38 i 7 422 [ 1fiL.
JNHR I A KT C(PDGEC) #lIR] HCC 1ML 4 i 4
B P9, ARAMIFFEIAIESS T miR-375 7ERR U R R AE
Je3 v 38 o # 7) PDGFC 410 il e g8 i 7 A= i )V
XIHFFEIESE T miR-375 eI 5 S0 i 5 A
BT THRER, AR EHAE e s 2582t T —Fhig
FERIRYT RN

3.2 miRNAs A~F % 9% ki HCC i 41 it BE %
3 Aok 396 2k B W R T S BT R R 2, Hoep
miRNAs 7 85 HCC 41 g 1k 470 i I8 G0 5 A6 g
AR E BB, 78 HCC 41214, miR-23a-
3p A5 B H UG 2 A 5E, miR-23a-3p Al LA
T L A0 e Tl RN K K R R (PTEN ) YRR
SRS B AN IR IR AL 3- A - 2R S B
(AKT) i, FRREFHEIET- 2k (PD-L1)
ik, SECTYUEMAT, Nimamd T 40ishae
XIS A T i HCC 20 it 1k B84 i 98 G5 2 4 AL 1
AL TR LR, WFRHRE A HCC %9 1 & &
FRIT R, RBEMASMIER ZECEE, MRk
L, miR-122 EF T HCC 40l 5, 7EARSM AT AR
HCC 4076 77, $hmanpur- B [mef, 76
A8 7 i 104 [ Y898 /0N BB B v, miR-122 AT LA 3l
TF VT HCC he i 40 it X 7 i 7K -, 5% £ 3
TEREE, M40 ) Hepal-6 g (9 4E K. S A
B OB R EL R (UTMD ) BEA A1 S, miR-
122 0] DA% 38 384005 Ry 3 FN 3R 8 B i e e, 4 e T
FEECAIRIT RO . B Ak, 95 & P miR-889 &
— R0 ) R S AR AR T 2 BEA G B
(MICB) f35r % miRNA, 7E HCC 40 g v i ik
miR-889 2xF#AIK NK 4 g5 [ =2 i i e s . 4%
Wi, TER 2635 MICB RS N4 4 (1 2 2 1k Ak
fitf (HDAC) fMifil51)5, X AhBIG R nT LRy BT
SRR UL, 7E HCC 40+ 118 miR-889 AT LARE AR
HCC 4 it NK 20 s e 0 fUskets . DL NK 4 g
SRR TR T AR A R

3.3 miRNAs {2t 20 i B 4T A 498 &£  miRNAs
TE WA b v 38 R SRR R, RS R R

miRNAs 2338 o8 #8 [] T (-5 F0 50k (2 1 146 4 At
HETE . ER AR ZRSEEMEAT R, NIRRT 2454
) B I S BT 25 1 9 7= A B miR-451a fE
PR AE HCC g PR R3E, I 5RE G AR
X, HLE E, miR-451a 3@t AR 4 E R
4B E T 10 (ADAMIO) AYZEik, 42 ok i 4
O A U . B . R AURIR, WX AL
FEATR 25 P M, T ik miR-451a J5 i i HE 1)
ADAMI0 26353505 HCC M teAT R, M
FIRFRRIT PR B R A, R, miR-212-3p il
I BRI BHE E-box 454 R H 2 (ZEB2) Sk
il HCC 4 jd )ik B FiZ 28, AT IR X S A2 i)
it 250 B S5IEwW AP LU L, HCC 814N
' microRNA-520c-3p H) ik 7K FEAK . A A s
P ¥, microRNA-520c-3p AEMSAE #F HCC 41 ity
I EE AR, RS T, FEAK HepG2 41l
Xif BB 2% A AR BT A ML R R, i
35 miR-520c-3p Jii, AT DL i FRAIG-S5 200 it 354 5 F
RS A G 1) 240 e ST 10 B P PR 2 (CDK2)
KL kg 45 A D1~ 1 CLEF1 ) FISE 4 i i i -1
( Mcl-1)R9FRIA , B S T AHOCH) pS3 S Rk,
HET & FE P IE AR, DT A B miR-520c-3p 5
HCC Tby7 UM 43 FHLH . Besh, B9k %
B, M2 E W54 38 2 AL HCC 48 miR-149-
S5p WK, BE LT 4 I 2R I 9 ( MMPY ) [R5k,
fEHF HCC 4 i B A% B2, [, 7e APy i
I S A RE AR /N BB RY  UE 52 T miR-149-5p 1 LA EL
R MMPY, {2 3EE AR . X R M2 B g
il /miR149-5P/MMP9 {55 1] BEAE A #l il HCC i
JEIHHRTT

R ESE T 40 miRNAs, EAilEEE 24
SRR, S5 Z2MEY R, IR s A
B 3 % RN A0 AT O KA. X 28 miRNAs 78
HCC fbyr it 25 & T EZAEH . T miRNAs
X} HCC 4iiatT A Z 52 m, A 25
(A PR % P TR
4 tRNAs 5 HCC {47 mizh

tRNAs J&— Pl AL 1B 2 LR (1) /N TR b
¥k, BATH 70 ~ 90 AN FR ZH A A S BE 2 i,
AR =3 B IRFSE R, B T 7R LR
Eeim il AVE AN, (RNA b BEE 3 85 20 i 45
arfe . ST ARy NS S A 2E hg B
I, (RNA 50 i) 5C R W5 | AT G,
FHG T s R, R — A SRR A
YA M AE i S RNA 2 (RNA 5 AEY), 4R
YIEIOL AT BIASTR, AT LAy A tRNA AT A4 1/ RNA
(tRNA-derived small RNAs, tsRNAs), tRNA fi74: )
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RNA F B¢ (tRNA-derived fragments, tRFs) Fl tRNA
74 1) B 38035 5 RNA (tRNA-derived stress-induced
RNAs, tiRNAs)™ . #5830, X4 (RNA A4
BIRTRES HCC Wy Ktk M 2558 KA 5%

4.1 tsRNAs # % ik /K F % v HCC /5 tsRNAs
SRR A ESRAD RNA, TEME A= Ml % 90
HA TR, tsRNAs 7] 75 2 FiA i fi2H
SUP RGN R, FkEF  BIR 2 HAS ai. FIL,
HHABAEmTS RNA M, 13 miEe, JFATE
JibIRa A 5T A2 BIMOR 2 () TR B AR RIS
W], tsRNAs BFRIA KA aE S HCC M) & A KTt
HE KA K, EHCCH, m#IkAY (RNA fiT4E /N
F B tRNA-Lys-CUU 5 HCC g ] /2 % F R UIBR 5
HI S RIS RIS B UIM G . bR 2 -(RNA A
B (KARS) A] L BH Wi 22 12 % t(RNA-Lys-CUU
B, M4 HCC 40 i s AT R . 13X 3
HI7E HCC B # AT, Wl t(RNA-Lys-CUU HiE A
AR A W B LA T I PR S B Ak,
5T K BRANIAMA tRNA SRR/ RNA tH4E R HCC
AW kRGP

42 (RNA # K (tRFs) 3§ & i 98 T 20 fo AR AL it
HCC % & tRFs j2& t(RNA AT B, Bt BUAsT
RINENSREEAY A4 . 7€ HCC 414U tRFs
R R I T R I H 2, 9F H A HCC ks
W3 =5 7K 19 tRFs. X R W tRFs (1932 7 46 40 7T e
JE LR BRI S v 0 JR A AR A Y. Gly-
tRF 38 £ 0 []) Nedd4 Z A2 BAEHEE T 2 (NDFIP2 )
BTG AKT {5530 H, 950 T T 40 MR 20
FEME, E T AR g v ok 2002 SE R A E L, T RE
B HCC FMETEIR TR B eah, BRIE A & B
5’tRF-Gly 7E HCC 1 i # & 3R ik, H 5°tRF-Gly 1Y
A 5 B R/ IN R B A% 5 IE AR G 5TtRF-Gly
BN Ry — P eI 7, A3 AT BB HCC 1
TEAEIS W E A bR P sfy 7 s, B

4.3 tiRNAs #7#] HCC # 48 £ 0912 S8 3% 7F
HCC & IMIET, tRNA fiTA: Y 5’-tiRNA-GIn {55
R ERER, IF H K 58k &, 7 HCC
4, 57-tiRNA-Gln 52 33525 1 240 it ) 3 5
TR, % 5°-tiIRNA-Gln 237 A2 46 (1)
ROR N BARPLE L, 5°-tiIRNA-GIn il i 5 H AR
RN T 4A-1 (EIFAAL) 254y, FECH 26 (B0
0 o SZAMER )R 8 AR AR T 0 A 4 R R
FEHAFE(ARAF ) | 41 /M5 8 30 ( MEK1/2 )
AUE S5 S 55 WG R 7 3 (STAT3) , X4k
M5 HCC #F JRAHCHIME Tl B2 4. Iksk, mE
W&, 5-tiRNA-GIn 38 i ¥ B4 1 N G- U 45
I E YRR 25 A EIFAAL I RIS IR I,

HCC 41 21 1 5°-tiRNA-GIn % ik 7K *F 5 ARAF,
MEK1/2 I STAT3 2 A, M, Xk HFEN
5°-tiRNA-GIn 5 EIF4A1 MIE AR, 1E HCC Hidit
TN G- DUTEZ5HIIE /D H O mRNA 254, #EmH
A3 B HCC b, X Sef oy 45 R 36
B tRNA E R —Fh B A E 4% RNA 78 HCC Wiy
YERTER R 857 B E AL, HAE HCC fif 25 AL iy 4R
A T5 2t — e
5 itig

JYE HCC IRYT R AR IS T W ik e, (HiR
WGk, FRIERA LW . bR,
Gy 2RV R Z AR R . AREEIRTE R
FIkESIS RNAs (ncRNAs ) 25 R4 £
FRCEPEAT Ry, L Z AL IR HCC /Y E e i
R, BRI, FEXEETT IR EAE—2 BT

W5, fETEF 25 HCC MG AN A neRNAS,
LA HCC B 5 b FR AT FoUARL A 2 o i 42 4% .
TEX T, FRATFZE S — 5T neRNAs FRIKTERR
WL FE R A AR AT REE, SR HAMBUE S T HE
FEE R —FE. L, b T H R X K
A BB ZERE S A BT XA  neRNAs HEATHE )36
J7o BLAh, I TARHINE HCC, 7T LA B #b 7T
B 1] 2240~ ncRNAs. i 72 #0 [7] HF 26 ncRNAs 1 i
T A B ERE N RIRE, DI
JYRELA B AR A IR AR TR ncRNAs
ZE M EAE~. Flan, Bl i miR-149-
5p [A]HHE circRNA0000157% F1 LncRNA. i b J 4
KehE AR 1 (BLACATL) " R A 4l X ik &
circRNA0000157 Fil LncRNA BLACAT 7] i &[]
AP UCER. 2R, H A AN 28 circRNA0000157 F1
LncRNA BLACATI 7 [A] — B & e & B L,
BATEAEER ] HCC H R L IHAY neRNA B F .
X E—1M T HCC P ncRNASs b & 252 [ 2%
)5, T AT HCC B8 %, HfiiE i
MR RGITES S ik, Piibdt ncRNAs i/
ST AR 55 B RINRYT 3 Ak [R)
6 BESRZE

HCC & — P O i I & 1 S g .
AU & A RAIRIT Tk, (BT HCC Kk
B, ZHBEE -2 kIE MG, #idFREME
WEHL, By R M HCC 3697 1Y £ vk,
AR, BT —ZOH 3, B ncRNAs, 145
LncRNAs, miRNAs Fl tRNAs, X £ 3t K 7 HCC
Y. dH 2 sk v e A [ A ALET 2 5 T HCC
RSP 25 FE, W SE 4 RNA (ceRNA) |
WAL B . A R MG Sl Rk DL
R Gk S, IR, XS )RR K S
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HCC Wy HEEAMTUS #UIME, i HCC iR il 1

F AR . SR, BT ncRNAs #2822 HAE ML

SR, XTI HCC A7 i 24 i sl U 23 HIL I )

filf 52 ik 4k TR Fe B B [HEEH X ncRNAs 7 HCC

ST 25 IR BIR AR SE35 , HAR B W i ]

P, TEARRAIIGERITFE D, 2 2R R AL

K ncRNAs 7E HCC ALJ7 i 253697 P By i HT, - LA

TFR A TIRYT HCC A A MR hR . J35h,

FRTXTRPEAESE . 5- JIRMENE | B2 2% FIEA 5SS

A7 24575 T BTSRRI, TN T Bt Y

TR RE AT IIITE . I, ARKAIFFS

7 1) 8 2 TR A HR 2 neRNAs 78 HCC & 1% 45 2 firf

2yl RIS TT =PRI

SR

(11 REAR, 230w, XIMZ. JET GEO Bl ARG

PEITHE TR AL W B AR S W R B e B AR A5 B 03
BT [7]. BACKR S B2 4% |, 2021, 36(6): 106-110.
WU Liangyin, LI Wenli, LIU Jun. Screening and
bioinformatics analysis of potential biomarkers for
virus-associated hepatocellular carcinoma based on
GEO data[J]. Journal of Modern Laboratory Medicine,
2021, 36(6): 106-110.

[2] JESENKO T, BREZAR S K, CEMAZAR M, et al.
Targeting non-coding RNAs for the development
of novel hepatocellular carcinoma therapeutic
approaches[J]. Pharmaceutics, 2023, 15(4): 1249.

[31 HASHEMI M, MIRZAEI S, ZANDIEH M A, et al.
Long non-coding RNAs (IncRNAs) in hepatocellular
carcinoma progression: biological functions and new
therapeutic targets[J]. Progress in Biophysics and
Molecular Biology, 2023, 177: 207-228.

[4] HUANG Manling, LONG Jianting, YAO Zhijia, et al.
METTLI1-mediated m7G tRNA modification promotes
lenvatinib resistance in hepatocellular carcinoma[J].
Cancer Research, 2023, 83(1): 89-102.

[5] BRIE, /AR L SR IncRNA-PRR34-AS1 i) 35
IR B HOS RS R IS8 . IERS B RV A E 231
BL (0], B ER BE%iks |, 2021, 36(6): 41-46, 100.
WEI Ying, WANG Xiaolin. Expression characteristics
of IncRNA-PRR34-AS1 in liver cancer tissues and its
effects on proliferation and migration of liver cancer
cells and potential molecular mechanism[J]. Journal of
Modern Laboratory Medicine, 2021, 36(6): 41-46, 100.

[6] YUAN Donghong, CHEN Yu, LI Xiaobing, et al. Long
non-coding RNAs: potential biomarkers and targets
for hepatocellular carcinoma therapy and diagnosis[J].
International Journal of Biological Sciences, 2021,
17(1): 220-235.

[71 CHEN B W, ZHOU Yue, WEI Tao, et al. LncRNA-
POIR promotes epithelial-mesenchymal transition
and suppresses sorafenib sensitivity simultaneously in
hepatocellular carcinoma by sponging miR-182-5p[J].
Journal of Cellular Biochemistry, 2021, 122(1): 130-142.

[8] XU Yongzi, LIU Yanhui, LI Zhenrong, et al. Long non-

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

coding RNA H19 is involved in sorafenib resistance in
hepatocellular carcinoma by upregulating miR-675[J].
Oncology Reports, 2020, 44(1): 165-173.

ZHANG Pengfei, WANG Fei, WU lJing, et al.
LncRNA SNHG3 induces EMT and sorafenib
resistance by modulating the miR-128/CD151 pathway
in hepatocellular carcinoma[J]. Journal of Cellular
Physiology, 2019, 234(3): 2788-2794.

LI Wei, HE Yufeng, CHEN Wei, et al. Knockdown
of LINCO00467 contributed to Axitinib sensitivity in
hepatocellular carcinoma through miR-509-3p/PDGFRA
axis[J]. Gene Therapy, 2021, 28(10-11): 634-645.

SHI Yang, YANG Xiaohua, XUE Xiaofeng, et al.
HANR enhances autophagy-associated sorafenib
resistance through miR-29b/ATG9A axis in
hepatocellular carcinoma [J]. Onco Targets and
Therapy, 2020, 13: 2127-2137.

XIE Chen, ZHANG Lizhen, CHEN Zhanli, et al. A
hMTR4-PDIA3P1-miR-125/124-TRAF6 regulatory
axis and its function in NF kappa B signaling and
chemoresistance[J]. Hepatology, 2020, 71(5): 1660-
1677.

CAO Yongxian, ZHANG Feng, WANG Haotian, et al.
LncRNA MALAT1 mediates doxorubicin resistance of
hepatocellular carcinoma by regulating miR-3129-5p/
Noval axis[J]. Molecular and Cellular Biochemistry,
2021, 476(1): 279-292.

DONG Jinyun, QIN Zuodong, ZHANG Weidong,
et al. Medicinal chemistry strategies to discover
P-glycoprotein inhibitors: an update[J]. Drug Resistance
Updates, 2020, 49: 100681.

HUANG Hai, CHEN Jie, DING Chengming, et
al. LncRNA NR2F1-AS1 regulates hepatocellular
carcinoma oxaliplatin resistance by targeting ABCC1
via miR-363[J]. Journal of Cellular and Molecular
Medicine, 2018, 22(6): 3238-3245.

YUAN Peng, CAO Weibin, ZANG Quanling, et al.
The HIF-2 a -MALAT1-miR-216b axis regulates multi-
drug resistance of hepatocellular carcinoma cells via
modulating autophagy[J]. Biochemical and Biophysical
Research Communications, 2016, 478(3): 1067-1073.
KONG Jiehong, QIU Yajing, LI Yuan, et al. TGF-$1
elevates P-gp and BCRP in hepatocellular carcinoma
through HOTAIR/miR-145 axis[J]. Biopharmaceutics
and Drug Disposition, 2019, 40(2): 70-80.

SUN Yu, SHEN Yongming, LIANG Xiurui, et al.
MicroRNAs as biomarkers and therapeutic targets for
nonalcoholic fatty liver disease: a narrative review|[J].
Clinical Therapeutics, 2023, 45(3): 234-247.

BRAE, =500, T80, miR-198 i 3§ ZEB2 JA#
EMT b R0 il JH 1088 200 0 43 G RIS B L AIF 5T (7]
PRACAG G B2 AR | 2022, 37(4): 23-29.

CHEN Si, LI Zhonghui, WANG Ying. Study on the
mechanism of miR-198 inhibiting the proliferation and
migration of hepatoma cells by regulating EMT process
by targeting ZEB2[J]. Journal of Modern Laboratory
Medicine, 2022, 37(4): 23-29.

X R, B 5 A, SRR . 7 miR-122-5p,miR-



204

PR 36 152 27 2 55

39 %

2 202443 A T Mod Lab Med, Vol. 39, No. 2, Mar. 2024

(21]

(22]

(23]

(24]

[25]

[26]

[27]

(28]

[29]

(30]

486-5p,AFP J AFP-L3 7K 156 A K6 %o} Ji % 1 o
(2w (e [7]. BUCRR SR R 2% | 2022, 37(1): 82-
87.

LIU Guozhen, CHEN Xiuyu, ZHANG Xiuhuan. Value
of combined detection of serum miR-122-5p, miR-
486-5p, AFP and AFP-L3 levels in the diagnosis of
primary liver cancer[J]. Journal of Modern Laboratory
Medicine, 2022, 37(1): 82-87.

LIAO Zhaofu, CHEN Yilin, DUAN Chuncui, et
al. Cardiac telocytes inhibit cardiac microvascular
endothelial cell apoptosis through exosomal miRNA-
21-5p-targeted cdip] silencing to improve angiogenesis
following myocardial infarction[J]. Theranostics, 2021,
11(1): 268-291.

JI Lin, LIN Zhongjie, WAN Zhe, et al. MiR-486-3p
mediates hepatocellular carcinoma sorafenib resistance
by targeting FGFR4 and EGFR[J]. Cell Death &
Disease, 2020, 11(4): 250.

FU Xiao, LIU Mengjie, QU Shengyang, et al.
Exosomal microRNA-32-5p induces multidrug
resistance in hepatocellular carcinoma via the PI3K/Akt
pathway[J]. Journal of Experimental & Clinical Cancer
Research, 2018, 37(1): 52.

LI Dong, WANG Tao, SUN Feifan, et al.
RNA-375 represses tumor angiogenesis and reverses
resistance to sorafenib in hepatocarcinoma[J]. Cancer
Gene Therapy, 2021, 28(1/2): 126-140.

LIU Jiatao, FAN Lulu, YU Hangqing, et al. Endoplasmic
reticulum stress causes liver cancer cells to release
exosomal miR-23a-3p and up-regulate programmed
death ligand 1 expression in macrophages[J].
Hepatology, 2019, 70(1): 241-258.

WISCHHUSEN J C, CHOWDHURY S M, LEE T, et
al. Ultrasound-mediated delivery of miRNA-122 and
anti-miRNA-21 therapeutically immunomodulates
murine hepatocellular carcinoma in vivo[J]. Journal of
Controlled Release, 2020, 321: 272-284.

XIE Haitao, ZHANG Qiugui, ZHOU Hui, et
al. MicroRNA-889 is downregulated by histone
deacetylase inhibitors and confers resistance to natural
killer cytotoxicity in hepatocellular carcinoma cells[J].
Cytotechnology, 2018, 70(2): 513-521.

HUANG Jinlong, FU Yipeng, GAN Wei, et al. Hepatic
stellate cells promote the progression of hepatocellular
carcinoma through microRNA-1246-ROR o -Wnt/
B -Catenin axis[J]. Cancer Letters, 2020, 476: 140-151.
XU Yunxiuxiu, LAI Yu, CAO Linhui, et al. Human
umbilical cord mesenchymal stem cells-derived

Micro

exosomal microRNA-451a represses epithelial-
mesenchymal transition of hepatocellular carcinoma
cells by inhibiting ADAM10[J]. RNA Biology, 2021,
18(10): 1408-1423.

YANG Jianyu, CUI Ronghua, LIU Yingke.
MicroRNA-212-3p inhibits paclitaxel resistance
through regulating epithelial-mesenchymal transition,
migration and invasion by targeting ZEB2 in human
hepatocellular carcinoma[J]. Oncology Letters, 2020,
20(4): 23.

(31]

(32]

[33]

[36]

[39]

[42]

RAGHEB M A, SOLIMAN M H, ELZAYAT E M,
et al. MicroRNA-520c-3p modulates doxorubicin-
chemosensitivity in HepG2 cells[J]. Anticancer Agents
in Medicinal Chemistry, 2021, 21(2): 237-245.
LIU Guodong, YIN Lei, OUYANG Xiwu, et al.
M2 macrophages promote HCC cells invasion and
migration via miR-149-5p/MMP?9 signaling[J]. Journal
of Cancer, 2020, 11(5): 1277-1287.
IGNATOVA V V, KAISER S, HO J S Y, et al.
METTLG6 is a tRNA m3C methyltransferase that
regulates pluripotency and tumor cell growth[J].
Science Advances, 2020, 6(35): ecaaz4551.
KUANG Muyu, ZHENG Difan, TAO Xiaoting, et al.
tRNA-based prognostic score in predicting survival
outcomes of lung adenocarcinomas[J]. International
Journal of Cancer, 2019, 145(7): 1982-1990.
LI Jiao, ZHU Lei, CHENG lian, et al. Transfer RNA-
derived small RNA: a rising star in oncology[J].
Seminars in Cancer Biology, 2021, 75: 29-37.
ZHANG Ruyi, NOORDAM L, OU Xumin, et al.
The biological process of lysine-tRNA charging is
therapeutically targetable in liver cancer[J]. Liver
International, 2021, 41(1): 206-219.
ZHU Lei, LI Jiao, GONG Youling, et al. Exosomal
tRNA-derived small RNA as a promising biomarker for
cancer diagnosis[J]. Molecular Cancer, 2019, 18(1): 74.
NISHIMOTO A, MIURA N, OSHIMURA M. Clinical
significance of telomerase activity in precancerous
lesion of the liver (adenomatous hyperplasia)[J]. Nihon
Rinsho, 1998, 56(5): 1244-7.
ZHOU Yonggqiang, HU Jinjing, LIU Lu, et al. Gly-
tRF enhances LCSC-like properties and promotes HCC
cells migration by targeting NDFIP2[J]. Cancer Cell
International, 2021, 21(1): 502.
LIU Dekai, WU Chengdong, WANG lJingjie, et al.
Transfer RNA-derived fragment 5’ tRF-Gly promotes
the development of hepatocellular carcinoma by direct
targeting of carcinoembryonic antigen-related cell
adhesion molecule 1[J]. Cancer Science, 2022, 113(10):
3476-3488.
WU Chengdong, LIU Dekai, ZHANG Lufei, et al.
5’-tiRNA-Gln inhibits hepatocellular carcinoma
progression by repressing translation through the
interaction with eukaryotic initiation factor 4A-I[J].
Frontiers of Medicine, 2023, 17(3): 476-492.
SONG Beibei, WU Siyu, YE Liyun, et al. Circular
RNA 0000157 depletion protects human bronchial
epithelioid cells from cigarette smoke extract-induced
human bronchial epithelioid cell injury through
the microRNA-149-5p/bromodomain containing 4
pathway[J]. Human & Experimental Toxicology, 2023,
42:9603271231167581.
HUA Xiang, LI Jiazheng, SHANG Mingwei, et al.
Pathogenesis of psoriasis via miR-149-5p/AKT laxis by
long noncoding RNA BLACAT1[J]. Skin Research and
Technology, 2023, 29(5): e13339.
WAEEHA: 2023-07-20
fEEIBHE: 2023-11-11



