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The role of long non-coding RNAs in hepatocellular carcinoma

ZHOU Yan, CHEN Chao, YANG Zhulin, XIONG Li
(Department of General Surgery, the Second Xiangya Hospital, Central South University, Changsha 41001 |, China)

Abstract Hepatocellular carcinoma (HCC) is a common malignant tumor of digestive system, and the third leading cause
of cancer-related death with no effective treatment available at present. Long non-coding RNAs (IncRNAs) are
RNA molecules with a transcript length of more than 200 nt and lack a protein-coding ability. Currently, IncRNAs
are considered to play important roles in proliferation, apoptosis, metastasis, drug resistance and cancer stem
cells regulation of HCC. Combined with the latest research progress in this field, the authors address the concept,
characteristics and action mode of IncRNAs and their actions in the occurrence and development of HCC, and
the exploration of IncRNA-based treatment of HCC. As an important regulator of HCC, IncRNAs are promising
biomarkers and targets for the diagnosis and treatment of HCC.
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SRS %30 &

B MR (primary hepatic carcinoma,
PHC ) ZHALIE & 48 005 vE e, 08T ATk
(bR 4181, R S A S e, H A8 R AL
KTl g o PHC S T 5 b fie i U A% % 1 i =2
— . RWRAL TN bR 5 S L BB AR B
PH CH% 8 41 209 3153 R SCR] 43 Sk i 40 B 7 T
(hepatocellular carcinoma, HCC) . JHA 40
9% (cholangiocarcinoma, CC) KA g
HpHCCR I Z W, H90% A4, HETNY, &
[l HCC % AR 1Y fie 32 2019 6 3t J2 HB V A9 12
FRge e e LR RHCCHRYT =l FAR
BRYGUIER . AR AT« RERIT . UT .
Jr . HEBYY TR A R, PR ZTr
RIS I 2 F R SR T AN HOC R R IR
oy, — B BRRAEIR R Z B8 T,
I I AT TR VIBR S5 6 7 Wk B . IR, a4
i B AR B L A% B8 5 1k AL AR A HC.C i 5L 30132 1 A
BT AR T A Y AR S FMAEAR o IncRNA
FITEHCCAH U R S R 5, 2 5 T I I R 240 JHd #)
B RFE B, LEREBF I (epithelial to
mesenchymal transition, EMT)) %422 17 M .
XA 7R Ine RNATEHCCHZUR I i B AT H 2 g,
I 2 78 A AT AT RE 2 HC CI2 Wi FIA J7 1958 L2 ) A
B

BEH LR IR Inc RNARE & AR A N HAEHCC
R S RIBNEOL, AR T HAE I R
MR TR Z SHCCR A . R,
BT T HAE SN HCCIZ W FA T 1 78 A W b 35 W
FEAR (0 ARG, 2R TIne RNAYEHCCIY K I
PRI A B R T

1 IncRNA

1.1 IncRNA #E&Fn4% &

KEEIEGRIBRNA (IncRNA ) 2K K 72004
(RN AP AE D R TN AR S NI .2 )
IncRNAR]ZE NI iz i 5, 1F 258 R W
IncRNA Z 5 affissg . W1, 728, &% . #%
R bz 18] i b 2 A g 2gad 1207 HAEHCC
() kA &S e AR S, e 104,
IncRNAC & — PV E B F 025, A
(18 I 43 R SR 5 IR AR T R OCSEE T . IneRNAH
mRNAfz i & 19 XNTE T EN2A L E I Bna sl
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FU R RE S B 5k, X — R e B e
AE IR 42 53 F A 55w ke AR i R 2R IR 2 —
I Ah B2 B K £ B9 Ine RN A B T 28 W) 2% 1h
fE, IncRNAYENEABERWE WA IREY, W
FHFJF & 80 3697 259 i i 52

Inc RNA [ £ 35 3 # B A 41 2380 40 il 09 45 5
B, EAER MR B Inc RN A 3 1K (0 55 57
T ERARRGERANREIERE: — LW
Inc RN A KL PRIAE A B — 2 i I 1 8L A v 3R 5k
117 25 5T g A A PR 7R A [m] %) 41 2028 A b B 0 B¢
WEK, B—M, IncRNAMELEBESDNE
(), IncRNANAY B 40 i 2 A9 45 5 8, i
H B AT 3R 35 B AR T 24 45 A ], B iR AE
i R A R GE, AN TR A Ak A% R X A A ik
M sgm il GERAR K, XM T SR A M B Ak
Fi, JERAERRAIEEFR BB, K, 4K
Inc RNA K K 3 2 A, REESM ARG D
XFIne RN A M9 B A AU O 1 BAs 7 kg, (B
HHRL I 5 AT SR AR MEARS I F Ine RNAM, H Al
Inc RN AR /K- By 22 35 8 0\ Ry 02 il T 40 Jf e S5 B 1
B . IF B T R R Y e s S,
KL B A I 5t 42 BT 98 R B = 0 o 4
IncRNAFRIKMBE S . 0B b, HAl w45 k4l
FE 5 AR B Z M Ine RNA &35 1 s S ya Bl Y, oF
% N B4 IE 76 7 ) SR OB I BT 2% BN R
R firp X — JRy PR .
1.2 IncRNA gy{E B#EX

IncRNA#H S F5 (signal) . FHEIH
(decoy) . T (guide ) FISZ4E (scaffold) /M
KA TR X WA 5 38 6 DL R s R k45 9
P, MRS w40 2R B eE AT o (D) (E S EH
B JEIncRNAE N FES RIS, L
i) 17 25 AR . (2) B AHAE AL . Ine RNAGE
S CEET 5GBS R D (LA A o I
T R E A BRI A TR S i S L
KemiRNA SR8 4 T Ui 09 3 3 ok, (3) 3 ) 4 A
K: FMEIncRNASEMEZE R (RNP) M EAE
L IR 5] 5 2 R 0 3 IR ok A S o i O 4
ER o (@) SCBRPE IR R A S48 Ine RNA Y 5%
SRS B AR e 2 o B G IR OF 6 KRS
fEH, BIWRNPE SR, —HE SR 2 H %,
R AT DAAR 91 47 7 19 25 1 5T R RN A Y P 0T 47 5% s
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POTE S TR LAR T, Y 2 A T B )
Bl 8T, 3B TR U R B8O 4 F T DL &S A ) [R] —
Z%IncRNASFF b, SEEUAN RIS 5 38 #% =2 8] 045 B
AL G, AR T LR b A A5 S A
WO A RO TR o 53 AN FR ] Ine RN A 3 81 £ 5%
PEE, (HX e T Ine RNARY & dEAL 1% M, i B
Inc RN AFE S i i 72 v ml DL AR5kl i B2 M, A
M5 EERERSMIAT . B, IncRNAR ZFEE
FRASE 2 s e T B 5 A B B Inc RN A D B 19 52 4% 12
IR B, Inc RNAA] 78 24 5% 4 1 P4 R
RNA (ceRNA) 255G miRNAKIES FilE4/ER
THmi RNAXT LI 520 . 1F Z Ine RN A &
XA RS E5 MR L ERLRD 5k
IncRNAER ZFp 7 A #s 5L R Rk, iy e )i &
91, e JTAH BAE AR R S SEAR (NAT) %5,

2 IncRNA £ HCC 8y 1E H

2.1 IncRNA & HCC 4155

AR SE B BTF 98 K M Inc RN A 2 ¥4 2 i 83 40
Ji 354 58 A B E AT F o Ine-POU3F3 (FR A
LNCO1158) i T AZKChr2ql2.1, EHA747 bphy
EeSEAR, RWEFLA AR IMEAER) — /N IncRNA H
Rl JRE O BT TISE B, HCCAL S 4 i A 4
FIEFNAEASI MM, HCCHLI MMM Ine-
POUBF3E R EEHI. Inc-POU3F3/KF 5k K
S WA KN IEAH G . E4h, Ine-POU3F3
1Y) o % 1K 2 JFF 40 16 s RB 3 A S WS IR . fd
MTTH & 7% K Ine-POUBF3 1Y 335 1 %
MHHCCH M IEIE , [ ZHE R inc-POU3F3 £
KU AR BEHCCRY I A . HE— 2 e R B
Inc-POU3F3MIE X SHCCHL FPOU3F3 mRNA
MEARBZENAHL; WREXTHCCHEAPOU3F3
mRNAFME A EKR AR EEE-R. FHik, Inc-
POU3F3 1] fE 81T POUSF3 KA SFHCCHY BBl .
AN, Lietal#® R T EM B H, Inc-POU3F3HY I
] A T i 96 20 L 3 BE RN v B JE 1 RE 0 AR AN IE B
BEVEFUANIE BN K", B Z, Ine-POU3F3
TEHCCAH S MY b ok FRak, IF Sm R 40 .
i 968 /N R R A AR I 2 UDRE OG o FEAE AL I
IncPOU3F3i i JH T POUSF3MY ik, Ja & 1E M
RS T A SHCCH M p s a7
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J—J M, IncRNARESDNA, RNAFIEE &R
AHEAEFH 4k T ik 3 45 00 4% 45 4 5 HC C 48 i
M 02N 5RO % LASLN CO2525 78 Jis 41 41
20 i Y Ok T S5 AL URNIE HOIT R A
W RNAIRBEHepG2, QGY-7701 fISMMC-7721
Y A ASLNCO02525, 45 R FIHASLNCO25257]
I AE Sk 2 b AT T 3 2 4 1 3 5 fig

HCC4H i hInc RNA-CRNDE ff) 3 35 /K 3 1%
hn, I H IncRNA-CRNDEZE K AME & HCC A0 M iy
WHEBE J1 5 MAM, IncRNA-CRNDEIE i i 45 0 Fff
P P T miR-384, 4k i 42 HEHCCHY iR &
Az s NF- k BG5S R 0] 38 5o 453 493 390 1) e 95 3% 1)
HERE J I8 S S E 1 K B, PI3K-AkfE 538
5% 1 TA A 2 bR A i G R TR R, O LA i AN
AR, fEEMBE R FEAER LR
%ZMIncRNA-CRNDE# i T #HmiR-384, J5#& itk
PTNF- « B/AKUE 530 i, 48 5 HCC 4l g iy
BT fE 117

AR, IncRNA SPRY4-IT1(43A7E
HCCAHZUP I i & TR 4141, HSPRY4-1T1#Y
F ik HTNM 5 ]R8 E G % UIAHOC . IR AP SE 55
UESZSPRY4-1T1RE 4R 5 HC C M A (19 14 4 7 B T i g
71, WARSPRY4-1T 123 3 i HCC 40 i Y 14 48 0 o
JERRE ) o #E— LIS LB, SPRY4-IT LK <s
5 HLC CAN A7 2 BELVAF F075 3 40 i 0 1~
2.2 IncRNA ii#z2 HCC daE EMER

R 5 EHCCAE B E M T LY
AT R, B E KRS RHCCE A Bl 2211
FEJFH . HCC— H & A= HoAth IE 45 19 5% B ) B 2
FE, REMEFREBEZEIR, fEFHCCR
TR B, MR AT SRR ZE . BB AAR
Ja B RIEBRET R ETNER

Ine RN A 2587 3 0 52 0 HC CH5 B2 1 7 22 8 45 A
. lne-POU3F3i i 155 POU3F3 LI/ R HCC
9B YA RS RIIR 28 . AN MBS RN AR 28 S0 I I S
fillnc-POU3F3[E i W] b [ 0K 5 % 248 A 50 o A R AIG
MMz ZERE 1YL FE I A 2UR 40 i 2 R B =
K IASLNC02525 FThsa-miRNA-489-3p, ULEk
ASLNCO02525 0] 410 i H C C 40 g 1) 184 58 i 4= 221200,
SPRY4-IT1 a4 I HC C 4 il 2 v il 40 B 3 g, 4k
EIE AL, MR 2 AT BR G EEPR IR
Plinc0026 1 Y FA T fEHFHCCHI ERMHCC-LM3
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FISNU-4491 R FIZ ZERE J1, X 4H i 14 5 T B
M, 1inc0026 IR 3% 35 3 R J5 Jo IR A A7 B (|) B
B Flinc00261 5 £k B E .

JF 4 9 B 0 & B RF R #E 2 HCC R A
HEREERH T, A8, R % B IncRNA
T OB RBFHHERMWHCCH R . HBIEHR
41, IncRNA MALATI7EHCCH 41 32k B i
FFF, HIncRNA MALAT1#E L 5HBx ( Z W
BEXHEM ) MEBXZIEMX ., WadRAHBxW
HCCHI AR, ZPMALATIAY R LB 5% b
PR BT Ine RNAF] DU O B 9% | () 92 8 36 0 ik
& 75 LA TR R E, HBxE S A IncRNA
MALAT1 L 8B RESZ M T Ui S R R W87 =2 1 19 F
¥ 2 IncRNA MALATLA] DLy Z 80 F g,
fFECD133%, miR-23"YHMILTBP3P, #F 58 A
BB E R ELTBP3 |, A5 % FlincRNA
MALAT 1A LLGE 98 75 (8] 58 5T T 40 f rh LTBP3 119 &%
Ko TEZPRHCCHMI T, 2585 IncRNA MALATI
ATLL G FURLTBP3RYERIL, 15 # fgifs FHCC A
LB AR AR R

AN, IncRNA SBF2-AS17EHCCH: % ik
AR T RF I AESE . BFR B, AT RLE i
EEESBF2-AST R HI HCC AN ML (i B 58 . 1T F5 M
1278 WG IR &M 3 — 2 5 /R SBF2-ASTI R ik 5
HCCHMR W 25 56 R % UIAH OC . BF9E H 45 SBF2-AS1
i i H C C e B8 114 v AE AL AF 58 46 Th 7 | B2 — 8] Bt
Ak (EMT) {558 L. EMTHEHIA N R
U e B N e L R N AR U B Ry 1 §
() 7 1 F20 B AR Ak, oK 20 B - 4 B B, T
Uity — BE IR A A PR R L R A R W sk b, L R R
1Riz Pk, MIE 40 OB IR F 8] 58 B bR &4 . EMT
2 if 5L A 3 s Y T RS R iR 2B AR A, B ST R A R
FE T I 2F 35 JR AR A UMM Bk LA, N 5] R
W NB R, EMTREIER B SCHK K.
A A 5T UE S Ine RN A AT L3R 2 Jif 88 0 Mg A EMT
WA, f4EIncRNA XIST™!, IncRNA PCAT-17%
MIncRNA FOXD2-AS17%, WFgy#% 9 F 4
SBF2AS 1Y A 7K AT LA i 35 52 i L SE EM T AH 56
KRGk . E-45 508 (R IRE I, 045 4 % 4%
EHMBPIEEARIRE A, KK, SBF2-ASL#
Z 5T EMTER A, st & 42 #F A] 5t 2 AU 1 41 41
T FROR L AR HCCH BT,

© WA )T i [ & F I F 2P H

IncRNA CCALTEHCCAL i 38, i H
IncRNA CCALfR 25 5 Mg 5 55 K TNM 23 ] 52 15 A
X%, #RIneRNA CCALBZ SHCCH L &m.
PRAM S R, BifKlneRNA CCALTT DL & 417
HCC 2 ) 1= 28 Fn 3 58 51 B o] LUAE 35 40 B 08 1=
PP TIESCHCC AN B & 35 Ine RNA CCAL
e T IR 2 XA B T H3 Y R AR 2
Befb s s fE FUFMEE L, IneRNA CCALE i 14
TWAP-2 o FYRIAFIEHEWnt/ B -cateninif B2 I
HCCH) & ;% .

2.3 IncRNA i#= HCC 38T R M

H BT HCC Y I PR 36 97 18 I B RO 350 ) &
KEBRFEAELRRE L HEE T T RIBITHHL,
PR N BRI T R X S R I R B BERE . 1 H AT
BIF T EYT, g HCCHR E T EMBIT TR
WARIEALYTY o (A2, Py srifE K, If
HAEZW BRI Z X Z 450254 (multidrug
resistance, MDR ) , M52 ALIT 2580 W97 55 o
i, I mRRAET: —BRRKESHAYE
EER R ONR R AR N O N T U AL T A —
JE XS Y AN REAA AL R R MD R BB . DA B R
R B H AT 25 0 R 07 IF R AR 5 25 . BEE R
G IR AL IF AR AE , S EHCCHR Z MG RA R (|
I PR A5 W 19 2R A7 10 ) AT R 5 A8 R 1 R
AT,

BT B F 5T % B ne RN AL 2 A 57 HC G
Z W E NG Z — . BRI EMTCE B MR
THCCH X P dE Je sk 2 2 e 2 i s s, 4k
M H: N 7R B HIL A Bk = RS 5E . Takahashi%gE!"
AIBF9E % BLTGF B AE % o 28 H C C 40 i 4h i 14 1)
IncRNAZ 5. HHIncRNA-ROR (Inc-ROR)
— Tl R R R P EIne RNAZEHC C A i g ik, IF
B A MR A L AR I A TR S A ARk DR A Ab
WA e A, A Z R4 il lnc-ROR Y %
RIFWA T 2R AT R S R A R SE T . R
Ak JE re 3 I s 40 A A MAA ) Ine-RORZRIE , 1T
¢l Ine-ROR ] B4 AL Y7155 5 09 4 i 0 T 0 41 il 3
P, EINEEA R, BfKlnc-RORFEMIEMLCDI33T
{1 i g A s A X R YT BB . BRI Ine-
RN AGH 535 fi #F it 988 48 i 1) 1) it 52 AL o) & 442 B AR
HCCHN M Ab Y7 U i 7R S

Inc RNABR T B 42 0 4% HCC 4l i XTI I7 19
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N, A REIE 52 ma fk 2E AR Y R PR HCC I R
Ao IncRNA MALATZ 5 i {2 5175 5 09 140 it
AR AL BRI R BRI S IIMALATL L 2
VAR £ 5 S 4 BT 20 M ) I A, 3L R A R R
750 T FE A B2 T b AN AT D s g — 2 s R W
i FCICMALAT R0 0% 5% 2 2L T HK -2, Eno-1
MGlut-41y Rk, FRWITEN 40 MOE LT, %
IncRNAZ: 5 Wi iR 5175 5 19 W arbur g R0 A9 15

W T EBL (AFB1) AbFR S FF AL
IncRNAR K 1224k, HlncRNAYEAFB 130
HAMPEAT AR T 2R RE, EARHB
FllncRNASE R 23K 2Z [0 M 256 56 R R I &
P, KiFIncRNA{UAEAFBIAHCCAS FEAS v 36
ik, PR T K R E A DG Y R T g A
B, 46 40 M A . R R4 SE T MIDNA B &2
MEFEN; B— M, AFBIZBE WL SE TAFBI
it 25 5 H Rk (B A5 MIneRNA) FiH, X5
AFB 15 40 g 28 56 4 AN [A)1)

DI, X BEF 58 % M Ine RN A BE 76 4k 24 F2E )
HFHCCEATR PRI EEEH, BiRHCCX T
IR YT ROV B EEAE LA T2 —

2.4 IncRNA ifj#E HCC BhyE T4 (CSC) B4

s

CSCHE—Z B A MR KA, 21k e A
T T T RE 7 0% e Jeg A0 AR B L 3K 43 AN AR R AN
ISy, ETEME KA KRR R EEEAEN.
5 Al T A0 ML, PR T A R T B A X RR A3
ZURRE 1 Ah, B AR RR A 2R RE ). AR A
R, B AR — T, CSCar R
AT AL, — AN SRR AR ) e R R AL, S —
AT B A 50 0 T PERRAE o R T 3 AR AS X ik 4y 24
Feo, CSCHA ARFH MG L MIEBET . AXF
B4 240 1 T 5B A9 R Al CSC Ak R 40 i % H £
E I 77 A2 CSC R LA [R] 434k 18 T AL s 1 g

IncRNA-Pvt1 & —FEIRRNA, B & B 7 2 Ff
TARME (nFESE, B, SSEWE, g
i, WEME ) bR B A BURMEN . pFgt
K, HCCHZ P IncRNA-hPVTI1A FiM, 1B
A B E Ine RNA-hPVT1 3R A (Y 88 35 I R )5 4 2% .
XuZE VR B, wifKlncRNA-hPVT1A] i & M HCC
Mg sE, TRMIRZE, JSFEHIESAMBEMT . 1
HCCH & ot B, A o8 iR Sh B 58 4 R 1T

© WA )T i [ & F I F 2P H

IncPVTI1 R & 88 2 # R A EE (NOP2) 1)
RN A %54 5 1 Sk AL #E H C C 40 M 1% 19 58 F1 T 48 f FE
FRAE 3R AR

Inc-BRMAEHCCZH 2L T 40 i v & 3 3%
ik, Hlne-BRMAE o T 20 o 4k 45 B 3% 5580 A i
EIRHE T T8 . Inc-BRMFAIBRMJE 8/BRG 1/
BRM# 4, BRGUR AMBAFE Wik X YAPUS
SHESHBMIE; A, Inc-BRMSYAPIE 54 &
FO AR 19 22 38 7K 7 5 1 9 A8 3 00 i g ™ R B OE A
X I, IneBRMHIYAPL{S 5 %420 LIME HHCC
W A bR A R 7R IR T AR

T4 Inc-DILCH LA & 35 4 o 96 1 40 i 19
s, Rk PR L A kR, ilne-DILCHY I %
Ik G 25 AR T AR M R TS . ML b, Ine-
DILCA 5 TTNF- o /NF- «k BIF 51 S B 43 W
IL-6/STAT3GHL [ i 22 8] i 2 B, DT 4 5E 5
JF 98 T 4 ML A 3 15 106 R R 5 IR R IESE K LHCC
Alnc-DILCFE K & B N E, Hitlne-DILCH g
S — T TS AE 00 b g B A2 ke R M A W T M A

48
B,

3 ETF IncRNA 447 HCC IR &

mER, FZIncRNATEHCCHh 3 %
ik, IFHSH5EETHEA . RIRANAIT RN %
R, EMTREMEALTE THCCHEAN LY i
B, IR E LR R M Inc RNAT] LIHHCCHY
2 W RTR YT B B 5 )

TEInc RNA Y 20728 5 5 AR S A G R B v,
Inc RNAR] LUAVE 6 7 #8535 506 12 16 1 A= ) b
e XieZZPE MHULCYEHCC T B ik, Jf
LA ot 2 Hp R ) R T R O, X R
HULCH LIYE N2 W HCCRY B B A M br By . 1k
A, ChaoZEPL & MIneRNA-D16366XF HCCA
LW (84.6% ) MRME (65.5% ) , iF
Bl TIncRNA-D16366Xf 2 MiHCCA B E M {E. H
FlncRNAZ 5 s 9 i sl b & A= i #, BT LA
IncRNA M 2 HF & JE T3 0] Ine RN A ) 93 i 47 92
SR T AL,

H1 FlncRNA R B H X 25 Fh 4 ff 20 53 1) 2 A8 45
AHETT, /N T RTHE T Ine RN A B 45 4 45 5 BEL
1E 5 A5G A S AL T RIF I NE S
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DU IR 55 2 955 4R 5 B Ine RN A rf 30 R 2lc 2% AH 56 A% 4R
AR, i, SiRNAE A 5@ 5 1 BA 2
HCCAER I ZBHOTAIR, FEARHCC 40 iy A= 77
2R, Bl —2/N g FMEZ T RW T H T
FHeInc RN AT I I7 I .

AR R B R, JF B HAE RN
1b 3 PR S e 2 LT BE A I R 0. H
HIE 2 Z WE5E T 40 A 5040 K 0kE ok 3 2% A )
TR AR . D5 — Bh 7 ik U A0 A A e, aX
JE—Fh S 5 gl A R AR, JF e A
LT RNASE R — e f 2% AR AT R ) A #0177

Inc RN A7 % 571 ifi 245 3% 7 v o 3 1) 1 FH B oA
ZENEAA, BECLUGRB T ILRGE YT 25 8L
HIT, X AT FR Ine RNA S 5306 40 Ml ik 42, 259
Peam R RIS, ME T, DNABE
VA0 ) 309 E e LA K A0 i A 3 1R A 5 A9 40 e T S
o —2IncRNAHA 8 i 97 15 DN A 453 b 25 i 42
{6l Ak 7 T 245 9 200 B X B0 4596 97 24 4 B R UK 1Y)
AE 1, B —Fh 9 lneRNA, linecRNA-ROR
Z 542 A AR ITI 2y, A3, XF
Inc RNAZER F HCC IR 41 A 20 i 1 98 3 g
A, FELEITTCEFR (MEERKRKNT-B) B
KF-FIEEline RN A-R OR 2 1K 38 i1 5 9 20> 52 14 41 Jifg
WAL BT B A AE T

SR ANIF 58 T REZE Inc RN A B i )2 HiAR G
7 R0 A TR A A A A, (AR N IR
e FLBk v I HLRR B A A OKOF AT A
IncRNATEAS R W A o] (g PRSP PEAR 25, AT RB &S IRIA
Xt sl W WF 5% B 1 i R o N 2RO AE AL Y B A
WARTE A, VFZ SRR ) S AR B R, B
mye o i IR SR SR ME, IncRNARY 2565 %)
GORREE, W 8 B R R A X Ine RN A
FIKMIRER B . BEE IncRNATFIE I UE R, 1
TR 13X -k 5 R RS SR Ine RN A 25 T A 8988 i A H At
P P A 1) 3 T T SR W 1 E A R AL S

ZE FRR, IneRNATEHCCH) Z 4N 7 i & 15 &
SAE, 25 THCCHIEA . T, BB
it 223697, LA CSCHITIRE, HmEHCCHTNM
SYS WG . SFXTHCCH Ine RN A BB 5T AT LA A I
R W2 W, FIWG Y7 15 DL HCC IR YT 2
HEBT P AE TR 2 . P2 FHCCH Ine RN A [ fF 58
AT LAK I TR 32 I FLIG T7 HC CHR (3658 i 1 . itk ok

© WA )T i [ & F I F 2P H

IncRNA L2 5 048 40 f i FHe 78 V90 1) R A2
JE&, A A Dy R 9T R RS W T B AR )
bW o ABAT F5 B AT PRI R A 58 LA gk — 25
AR EATM I, WG EE 2 R E Al g
YE N HCCZ Wi FR 7 7Y B8 Ry S5 3 R 0RO A iR
IncRNA

£ % 3Tk

(1] HRE b, Armess, fRani]. KEEAE G RNAS I 04 ¢ 5 K HAT
R[], R EEZSFR, 2016, 13(31):49-52.

Gan YY, He XQ, Xu XM. Relationship between IncRNA and
hepatocellular carcinoma and its research progress[J]. China
Medical Herald, 2016, 13(31):49-52.

[2] EEEDh, BRdE, EL0MH. FETEPTT LR SR ). At
2%, 2015, 27(3):237-248. doi:10.13376/j.cbls/2015034.

Lu GS, Chen L, Wang HY. Research progress and prospect of
liver cancer in China[J]. Chinese Bulletin of Life Sciences, 2015,
27(3):237-248. doi:10.13376/j.cbls/2015034.

B] E /i, HMHAR. BUR PRI R R BT SE B ()], I 5

B BB 2405 L 3CHE, 2019, 19(96):52-53. doi:10.19613/
j.cnki.1671-3141.2019.96.027.
Wang XX, Qi QG. Research Progress in the Treatment
of Primary Liver Cancer[J]. World Latest Medicine
Information(Electronic Version), 2019, 19(96):52-53. doi:10.19613/
j.cnki.1671-3141.2019.96.027.

[4] Chi Y, Wang D, Wang J, et al. Long Non-Coding RNA in the
Pathogenesis of Cancers[J]. Cells, 2019, 8(9):1015. doi: 10.3390/
cells8091015.

[5] Peng F, Wang R, Zhang Y, et al. Differential expression analysis
at the individual level reveals a IncRNA prognostic signature for
lung adenocarcinomal[J]. Mol Cancer, 2017, 16(1):98. doi: 10.1186/
§12943-017-0666-z.

[6] XuY, Zhang X, Hu X, et al. The effects of IncRNA MALAT1 on
proliferation, invasion and migration in colorectal cancer through
regulating SOX9[J]. Mol Med, 2018, 24(1):52. doi: 10.1186/
$10020-018-0050-5.

[71 LiuM, Zhang H, LiY, et al. HOTAIR, a long noncoding RNA, is a
marker of abnormal cell cycle regulation in lung cancer[J]. Cancer
Sci, 2018, 109(9):2717-2733. doi: 10.1111/cas.13745.

[8] Zhang Z, Wang S, Liu Y, et al. Low IncRNA ZNF385DAS2
expression and its prognostic significance in liver cancer[J]. Oncol
Rep, 2019, 42(3):1110-1124. doi:10.3892/0r.2019.7238.

[9] Gloss BS, Dinger ME. The specificity of long noncoding RNA
expression[J]. Biochim Biophys Acta, 2016, 1859(1):16-22. doi:

http://www.zpwz.net



5 3

3, & KikAr i RNA 72 17 40 o AP P 1E

355

[10]

[11

—

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

10.1016/j.bbagrm.2015.08.005.

Dvinge H, Ries RE, Ilagan JO, et al. Sample processing obscures
cancer-specific alterations in leukemic transcriptomes.[J]. Proc
Natl Acad Sci U S A, 2014, 111(47):16802-16807. doi: 10.1073/
pnas.1413374111.

Sims D, Sudbery I, Ilott NE, et al. Sequencing depth and coverage:
key considerations in genomic analyses[J]. Nat Rev Genet, 2014,
15(2):121-132. doi: 10.1038/nrg3642.

P, BT, Aot KRR 4 i RN ATE T 40 i s iy
WEFEHERE[T]. B EE24, 2020, 33(1):175-179. doi:10.19296/
j-cnki.1008-2409.2020-01-049.

Nong WX, Zhou Y, Yuan SG. Progress of long non-coding RNA
in hepatocellular carcinoma[J]. Acta Medicinae Sinica, 2020,
33(1):175-179. doi:10.19296/j.cnki.1008-2409.2020-01-049.

Yu W, Sun Z, Yang L, et al. IncRNA PTAR promotes NSCLC cell
proliferation, migration and invasion by sponging microRNA101[J].
Mol Med Rep, 2019, 20(5):4168-4174. doi:10.3892/
mmr.2019.10646.

Wang L, Cho KB, Li Y, et al. Long Noncoding RNA (IncRNA)-
Mediated Competing Endogenous RNA Networks Provide Novel
Potential Biomarkers and Therapeutic Targets for Colorectal
Cancer[J]. Int J Mol Sci, 2019, 20(22):5758. doi: 10.3390/
ijms20225758.

Tam C, Wong JH, Tsui SKW, et al. LncRNAs with miRNAs in
regulation of gastric, liver, and colorectal cancers: updates in recent
years[J]. Appl Microbiol Biotechnol, 2019, 103(12):4649-4677.
doi:10.1007/s00253-019-09837-5.

Sauvageau M, Goff LA, Lodato S, et al. Multiple knockout
mouse models reveal lincRNAs are required for life and brain
development[J]. Elife, 2013, 2:¢1749. doi:10.7554/eLife.01749.
LiY, LiY, Wang D, et al. Linc-POU3F3 is overexpressed in
hepatocellular carcinoma and regulates cell proliferation, migration
and invasion[J]. Biomed Pharmacother, 2018, 105:683-689.
doi:10.1016/j.biopha.2018.06.006.

Guo H, Wu L, Yang Q, et al. Functional linc-POU3F3 is
overexpressed and contributes to tumorigenesis in glioma[J]. Gene,
2015, 554(1):114-119. doi:10.1016/j.gene.2014.10.038.

Lang HL, Hu GW, Chen Y, et al. Glioma cells promote angiogenesis
through the release of exosomes containing long non-coding RNA
POU3F3[J]. Eur Rev Med Pharmacol Sci, 2017, 21(5):959-972.
Chen Z, Xu D, Zhang T. Inhibition of proliferation and invasion
of hepatocellular carcinoma cells by IncRNA-ASLNC02525
silencing and the mechanism[J]. Int J Oncol, 2017, 51(3):851-858.
doi:10.3892/1j0.2017.40609.

Huang Z, Zhou JK, Peng Y, et al. The role of long noncoding
RNAs in hepatocellular carcinoma[J]. Mol Cancer, 2020, 19(1):77.

© WA )T i [ & F I F 2P H

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

doi:10.1186/s12943-020-01188—4.

Chen Z, Yu C, Zhan L, et al. LncRNA CRNDE promotes hepatic
carcinoma cell proliferation, migration and invasion by suppressing
miR-384[J]. Am J Cancer Res, 2016, 6(10):2299-2309.

Jing W, Gao S, Zhu M, et al. Potential diagnostic value of IncRNA
SPRY4-IT1 in hepatocellular carcinoma[J]. Oncol Rep, 2016,
36(2):1085-1092. doi:10.3892/01.2016.4859.

Zhou M, Zhang XY, Yu X. Overexpression of the long non-
coding RNA SPRY4-IT1 promotes tumor cell proliferation and
invasion by activating EZH2 in hepatocellular carcinoma[J].
Biomed Pharmacother, 2017, 85:348-354. doi:10.1016/
j.biopha.2016.11.035.

Yu G, Lin J, Liu C, et al. Long non-coding RNA SPRY4-IT1
promotes development of hepatic cellular carcinoma by interacting
with ERRalpha and predicts poor prognosis[J]. Sci Rep, 2017,
7(1):17176. doi: 10.1038/541598-017-16781-9.

Wi o 42, ARSR PR, 26, 45, IRBEIRZRTYRNA 1inc0026 1 75 441 o
A B X [I). HEDT RS2 R, 2018, 38(10):1179-1186.
doi:10.12122/j.issn.1673-4254.2018.10.05.

Chen ZJ, Xiang LY, Huang Y, et al. Expression of long
noncoding RNA 1inc00261 in hepatocellular carcinoma and its
association with postoperative outcomes[J]. Journal of Southern
Medical University, 2018, 38(10):1179-1186. doi:10.12122/
j.issn.1673-4254.2018.10.05.

Hou Z, Xu X, Fu X, et al. HBx-related long non-coding RNA
MALATI promotes cell metastasis via up-regulating LTBP3 in
hepatocellular carcinoma[J]. Am J Cancer Res, 2017, 7(4):845-856.
Chen T, Pei J, Wang J, et al. HBx-related long non-coding
RNA 01152 promotes cell proliferation and survival by IL-23
in hepatocellular carcinoma[J]. Biomed Pharmacother, 2019,
115:108877. doi:10.1016/j.biopha.2019.108877.

Latorre E, Carelli S, Raimondi I, et al. The Ribonucleic Complex
HuR-MALATI1 Represses CD133 Expression and Suppresses
Epithelial-Mesenchymal Transition in Breast Cancer[J]. Cancer Res,
2016, 76(9):2626-2636. doi:10.1158/0008—5472.CAN-15-2018.

Li X, Zeng L, Cao C, et al. Long noncoding RNA MALATI
regulates renal tubular epithelial pyroptosis by modulated miR-
23c targeting of ELAVLI in diabetic nephropathy[J]. Exp Cell Res,
2017, 350(2):327-335. doi:10.1016/j.yexcr.2016.12.006.

Li B, Chen P, Qu J, et al. Activation of LTBP3 gene by a long
noncoding RNA (IncRNA) MALATT transcript in mesenchymal
stem cells from multiple myeloma[J]. J Biol Chem, 2014,
289(42):29365-29375. doi:10.1074/jbc.M114.572693.

Zhang YT, Li BP, Zhang B, et al. LncRNA SBF2-AS1 promotes
hepatocellular carcinoma metastasis by regulating EMT and

predicts unfavorable prognosis[J]. Eur Rev Med Pharmacol Sci,

http://www.zpwz.net



356 [

ZANixs

3 & 5530 %

7!

2018, 22(19):6333-6341. doi:10.26355/eurrev_201810_16044
133

=

Chang S, Chen B, Wang X, et al. Long non-coding RNA XIST

regulates PTEN expression by sponging miR-181a and promotes

hepatocellular carcinoma progression[J]. BMC Cancer, 2017,

17(1):248. doi:10.1186/s12885-017-3216-6.

[34] Bi M, Yu H, Huang B, et al. Long non-coding RNA PCAT-1 over-
expression promotes proliferation and metastasis in gastric cancer
cells through regulating CDKN1A[J]. Gene, 2017, 626:337-343.
doi:10.1016/j.gene.2017.05.049.

[35

—

Yang X, Duan B, Zhou X. Long non-coding RNA FOXD2-AS1
functions as a tumor promoter in colorectal cancer by regulating
EMT and Notch signaling pathway[J]. Eur Rev Med Pharmacol Sci,
2017, 21(16):3586-3591.

[36

=

Zhang Q, Pan X, You D. Overexpression of long non-coding RNA
SBF2-AS1 promotes cell progression in esophageal squamous cell
carcinoma (ESCC) by repressing miR-494 to up-regulate PFN2
expression[J]. Biol Open, 2020, doi:10.1242/bi0.048793. [Online
ahead of print]

[37] Liu Y, Yang Y, Wang T, et al. Long non-coding RNA CCAL
promotes hepatocellular carcinoma progression by regulating AP-
2alpha and Wnt/beta-catenin pathway[J]. Int J Biol Macromol,
2018, 109:424-434. doi:10.1016/j.ijbiomac.2017.12.110.

Thfe. B 2 Ik — B 2K -miR -l BT AR 988 408 1) V62 7 BB 241k
RON[D]. P42 BEPEIIVE R, 2018.

Ma N. Targeted therapy for liver cancer and anti-drug-resistance

[38

[t

effect of the novel polypeptide—adriamycin-miR-lipidosome[D].
Xi'an: Shaanxi Normal University, 2018.
[39

[}

Han S, Han B, Li Z, et al. Downregulation of long noncoding
RNA CRNDE suppresses drug resistance of liver cancer cells by
increasing microRNA-33a expression and decreasing HMGA2
expression[J]. Cell Cycle, 2019, 18(19):2524-2537. doi:10.1080/15
384101.2019.1652035.

[40

[}

Takahashi N, Takahashi K, Kobayashi M, et al. Constitutively
high-level expression of TGFbeta isoforms in cord blood and its
relationship to perinatal findings[J]. Cytokine, 2015, 73(1):101-107.
doi:10.1016/j.cyt0.2015.01.024.

[41

—

Takahashi K, Yan IK, Kogure T, et al. Extracellular vesicle-

mediated transfer of long non-coding RNA ROR modulates

chemosensitivity in human hepatocellular cancer[J]. FEBS Open

Bio, 2014,4:458-467.DOI:10.1016/j.fob.2014.04.007.

[42] Luo F, Liu X, Ling M, et al. The IncRNA MALAT]1, acting through
HIF-1alpha stabilization, enhances arsenite-induced glycolysis
in human hepatic L-02 cells[J]. Biochim Biophys Acta, 2016,
1862(9):1685-1695. doi:10.1016/j.bbadis.2016.06.004.

[43

=

Shi J, He J, Lin J, et al. Distinct response of the hepatic

transcriptome to Aflatoxin B1 induced hepatocellular carcinogenesis

© WA )T i [ & F I F 2P H

[44]

[45]

[46]

[47]

[48]

[49]

[51]

[52]

[53]

and resistance in rats[J]. Sci Rep, 2016, 6:31898. doi:10.1038/
srep31898.

Ding H, Liu J, Liu B, et al. Long noncoding RNA PVTI inhibits
interferon-alpha mediated therapy for hepatocellular carcinoma cells
by interacting with signal transducer and activator of transcription
1[J]. Biochem Biophys Res Commun, 2018, 500(4):973-980.
doi:10.1016/j.bbrc.2018.04.219.

XuY, Luo X, He W, et al. Long Non-Coding RNA PVT1/miR-150/
HIG2 Axis Regulates the Proliferation, Invasion and the Balance
of Iron Metabolism of Hepatocellular Carcinoma[J]. Cell Physiol
Biochem, 2018, 49(4):1403—-1419. doi:10.1159/000493445.

Wang F, Yuan JH, Wang SB, et al. Oncofetal long noncoding
RNA PVTI promotes proliferation and stem cell-like property of
hepatocellular carcinoma cells by stabilizing NOP2[J]. Hepatology,
2014, 60(4):1278-1290. doi:10.1002/hep.27239.

Zhu P, Wang Y, Wu J, et al. LncBRM initiates YAP1 signalling
activation to drive self-renewal of liver cancer stem cells[J]. Nat
Commun, 2016, 7:13608. doi:10.1038/ncomms13608.

Wang X, Sun W, Shen W, et al. Long non-coding RNA DILC
regulates liver cancer stem cells via IL-6/STAT3 axis[J]. J Hepatol,
2016, 64(6):1283-1294. doi:10.1016/j.jhep.2016.01.019.
Parasramka MA, Maji S, Matsuda A, et al. Long non-
coding RNAs as novel targets for therapy in hepatocellular
carcinoma[J]. Pharmacol Ther, 2016, 161:67-78. doi:10.1016/
j-pharmthera.2016.03.004.

Xie H, Ma H, Zhou D. Plasma HULC as a promising novel
biomarker for the detection of hepatocellular carcinoma[J]. Biomed
Res Int, 2013, 2013:136106. doi:10.1155/2013/136106.

Chao Y, Zhou D. IncRNA-D16366 Is a Potential Biomarker for
Diagnosis and Prognosis of Hepatocellular Carcinoma[J]. Med Sci
Monit, 2019, 25:6581-6586. doi: 10.12659/MSM.915100.

Pan X, Zheng G, Gao C. LncRNA PVTI: a Novel Therapeutic
Target for Cancers[J]. Clin Lab, 2018, 64(5):655-662. doi:10.7754/
Clin.Lab.2018.171216.

Kimura T, Aikata H, Takahashi S, et al. Stereotactic body
radiotherapy for patients with small hepatocellular carcinoma
ineligible for resection or ablation therapies.[J]. Hepatol Res, 2015,

45(4):378-386. doi: 10.1111/hepr.12359

(ALspiE RiF)

AXSI AR A, B, Bk, 4 KREEESRRNATEN
A AT R AR ). P EREE SRS, 2021, 30(3):349-356.
doi:10.7659/j.issn.1005-6947.2021.03.014

Cite this article as: Zhou Y, Chen C, Yang ZL, et al. The role of long

non-coding RNAs in hepatocellular carcinoma[J]. Chin J Gen Surg,
2021, 30(3):349-356. doi:10.7659/j.issn.1005-6947.2021.03.014

http://www.zpwz.net



