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= R RNA (cireRNA) & — 2 IR PEJE 4 D RNA, 2 20 Pk RNA 28 5 1) 85 )V 1 A B 4 SRR 254, )
DAATETHEA T, A rEZF AR r RIS, B 2SR IR ST LA Rk B R R S
S, IR A R T cireRNA FE20E 1 7 /N RNA (miRNA) 8035 RNA 455 8 (RBP) &
FECUFAAELT, HE IR U AR AR I R GA , FE 2 Rhp Jo L AE R th R D), 452 5 bR an
ML sEss . R . R2E. MR . TS bR R R AL RE S A R AR Y R ik
R B, cireRNA XHFANME (HCC) W& AEMEREAEZWEER, A28 HCCI2 Wiy A ir
B RIRITHL S . EFH W cireRNA 78 HCC & 28 % J v i 4 T B BIF 9 o e A7 4k
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Association of circRNAs with the occurrence and development of
hepatocellular carcinoma: recent progress

HAO Fenlin', LI Tao’, YAO Hong’, ZHA Yong'

(1. Department of Hepatobiliary and Pancreatic Surgery 2. Cancer Biotherapy Center, the Third Affiliated Hospital of Kunming
Medical University, Kunming 650100, China)

Abstract Circular RNAs (circRNAs) are a class of endogenous non-coding RNAs, with a closed circular structure
formed through the back-splicing of linear RNAs. CircRNAs widely exist in eukaryotic cells and can be
detected in many types of body fluid samples, presenting with stable structure, highly conserved and
specific expression, and are important regulators of tumors. CircRNAs exert a "sponge action" mainly by
adsorbing microRNAs (miRNAs) or RNA binding proteins (RBPs) to regulate the expression of
downstream target genes, and play important role in a variety of diseases, especially in tumors. They are
involved in many biological processes such as proliferation, migration, invasion, cell cycle, apoptosis,
epithelial-mesenchymal transformation and signaling pathway of tumor cells. Recent studies have shown
that circRNAs have critical regulatory functions affecting the occurrence and development of
hepatocellular carcinoma (HCC), and they are expected to become the diagnostic biomarkers and

therapeutic targets of HCC. Here, the authors address the research progress of the roles of circRNAs in
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the initiation and progression of HCC.
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K Z 800 E fBE TR 12 W B O A A [ R B 1 4%
%, RE AR REIRENBIT I, B2
25 Y1 958 E AP AR 2 5 B0 N EE A8 ORI R BT SE
o oE B ORYS A 4 M
carcinoma, HCC) J& 7 & VE 9 09 5 32 28 09 0 HL 5%
IR 2 SR AT b H WL R iR = — 1
A — AT E B A I P A Y Ak, W
WARYTT KW AL FG LYY AR . FARDIRR .
] 6 97 R RS A0, (H 2 40 HCC B8 3 IRk o 3
g, HIZWECh WXE, B AT A 2 1/3 1 HCC
BE R ZRIGEYIBR, MixX L HeC A
RO KRR, B 227 IR 9T 6 B i b
HCC (8 & Tl Ja iR w2, R B 3E e M4 ik
B R U R ) HCC 35 A A7 ) — £k FH 251,
I3 HME G AR AR AW T2 R 2
A JF AR 5 % i R R S R R o T L A S N v R
i A R )z N T Xk 2 Bk R T B S R TR
1A Y b W R AT RS R BRI, 9F 4R
BT )R 1 ) A TR AR YT SR

R RNA  (cireRNA ) & — 287 19 P9 U6 14 ) g
PEAE 4% RNA  (non-coding RNA ), 78 e i & 4= &
Je i AR, BN cireRNA IR B AT LA
AV by da FE R B g e R0 Sk pF SR R, —
B8 cireRNA [ A /N RNA  (microRNA, miRNA) %%
G0, AR — BB kB SE 4 M R RNA
(competing endogenous RNA , ceRNA) , W H LT
BRI AR, FEY “miRNAG4E", 354 MY
454 miRNA, V45 80 38 PR (g e 3k, JF 1 JE 5 HCC
1 i B, RNA 45 & 5 11 (RNA binding protein,
RBP) J&—2KT712 2 5 FL R 5% 5% F B3 10 235 1 R
A circRNA 60 7 RBP 45 5587, 1] B LA it 2 1 Fft
4545 1X 48 RBP (19 ) i, 55 RBP A9 A0 H A FH WA N 2
circRNA T RE 1) B ZL 2] B 43, I HLiE i 4 42 RBP 11
I fE K [6] 32 98 #5 HCC M & A= Ak s X 3R
circRNA 7] BEAE " HCC A2 Wi A= bR ) AR Y7
PITETEM (A" AR SCERIR T 342K cireRNA 7E HCC 38
IR L AE T RE LA BN PR SO T 5

(hepatocellular
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1 circRNA#EiAk

TR RNA 1K iE A KB LR IR 7E 1976 4F
Sanger 45 "FE 15 A5 A W) 289 1 D R I AL A0 A A 1Y
WP, b — BH0A N &P R
Y, )5 RAE 1979 44 & B2 A% AR W Y P VR 1
RNA 5732 7= 907 Bl 3 RNA (1 55 3 &2 0 % £ A |
circRNA 5§ 5P L KU R 40 B DL A= W (5 B 24 AN
Wi % J& , cireRNA Y RF 5% 8ok ik A7 1) 5C i1, L
circRNA B A TR 58 12 W . s AT a9 28 9 bk i
Yy, s AE X REAS A 2K L e VR R
HR VB AR i A 1) ARG A8 1
1.1 circRNA 3R iEFR4FHE

52k Pk RNA AN[A], cireRNA 3K J8 T Fij /& mRNA
(pre-mRNA) B 217 85 4%, 2 —Fh B A SRR SL £
A 25 B Y IR I 4 5 RNAPY, AT RE HH 0 7 AF: foy
PRI X8, i P 485 A DXl A 35 P ) DX B, K
JEWBEMNILEAN BT MR RAE . KZHF
R RNA 9 2 5 10 L0 AR B 9 28 7 RNA 9 2 5 0 K
HOIR RNA A 31 Foim a5 R o, X e ok A
208 B e AR ] 356 PR i M TR0 28 1 A SR TR RS E R
RN R A E Sz, A TR
A e LR SRR L RS AL
1R S PE IR 5, cireRNA ] BE7E £ Fh i g oh
EREZEWAYIREY , HffdiHCC, 2114,
BE % RNA ¥ (RNA-seq) $ AR MAY 5 B2 %
J&, cireRNA B F & E ML EMAER TIUESE, Exn
T cireRNA 7EAN TR & & B B R A= B0 T I sh s 3%
KRBERPY . K Z B cireRNA fEH AR & ok b 2
A AN R AR S L R B BB S R
B, RN IZ S 545 P A A e 2 A B
R cireRNA W9 35 B R BUE, 2L 3h W 40 i v
17 7E K Y cireRNA,, H i — 26 cireRNA & 12 £ &
HRE, RUEN AT 687 40 i b B 7 T agr,
& T 404 T4 40, cireRNA 0 77 76 T A [\ 09 1K W
o, VR IR L DRV RI A R BT,
B4 B 5T IE 7E JF & 38 I AR O A X — B B R
FE AR B A 28 T v AR AT BT B0 L o BERG A  AE
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CiRE]

IR, 5 Ik RNA 72 /T 40 i K RO P IR BT Rt R 109

PR o circRNA 32358 3 o f8 2 R0 4t B XoF
M2 2 [B) B0 0 B 0 22 5, ik R IR P Y
circRNA 1] fi 2 Wi 0 i o8 & 26 F 3 Ji 1 37 80 A 0 e
L7/ L
1.2 circRNA gyfh3

circRNA B FP 24045 LR 3Fp7: EcireRNA, 4b
I FORIE A cireRNA, AV /M T4, 7E circRNA
mE R 28, BN FAaREh, FEELS
miRNA 8¢ RBP 25 & i X ¥ E 3 ¢iRNA, W& Tk
U8 Y cireRNA, AL & FALRL, 20 T 40 i %
15 EIciRNA & B N & F 1 4h i F circRNA, &
TN IR, HAESH TR —/ NN T,
fETEF AR ™, J5 P& e EcireRNA A5 5 /b
B miRNA 25 &7 12
1.3 circRNABI1EAHLEI

FF 581> R B cireRNA 7EAR N T 32 ik, JF Hil
AL S 5 AR Z R AT, cireRNA
AR A AE B U FE Y “miRNA AR . S5E A
JOT R ELAE A LA B T A B A
1.3.1 5 miRNA 24 circRNA 7E @5 H i & 44 19
RE & 70 Y “miRNA M43 7 I 3% 4 miRNA | 1Y
mRNA 45 &7 s, 8] 42 98 9% miRNA $E 58 A 3R 58
AT RS b R i E RS, B cireRNA (9 “miRNA
47 DhRe A . A B4R X — T RE B AU Y JE Max
Delbruck F Ak B 2% £ G5 4= W) 24 BT 58 P 1) Rajewsky
BATO, H. % Bl CDRlas I {7 7F £ ik 63 > miR-7 [ &5
A, RS “miRNATE4R” X —IfER A,
W FR M i & 44 1K) cireRNA T RE RS R . 3T ok & 3,
CDR las AJ 3 i miR-7 415 (4 HL 1 8 15 M9 19 5% 4%
AN, CDRlas /K F B T 5 A8 6] 6 97 g AH G 11
i B R ST, cireRNA BE % 30 28 £F Ry 50 4 Mk N IR
RNA 7 L3RG5, AR “miRNA LR, 7F
VF 2 5 W) 5 5 B8 b W B 45 & ok R Y miRNA B )
mRNA i 235 | cireRNA 5 % 55 4 ¢ miRNA A9 41
HAE R W] cireRNA 74345 9 5 76 1 22 Tl 52 95 v
EEZEFEFEMN . — D20 cireRNA AT 2 5 24
miRNA 454, 11 A [ f4 cireRNA 7] 8 5 — > 458 5 110
miRNA M HEAEH, B cireRNA 7] g 38 1 98 35 A [A)
) miRNA T 5% W HCC ) iE Ji€ . 534, 17 2 circRNA
BN AE# 22 k HOR b B - ) J5 i Ak o R R AR
FHY, cireRNA 38 23 H 8 45 2y e 78 b &g 19 & A6 &
o AR bR R DR B R R R AR, X R B
circRNA 7] B8 J2& il I8 12 W 14 387 19 A2 W0 b B 9 536 97

© WA )3 of [ FF I F A EPTA

# A5 . Wang 25 % BH hsa_cire_0091570 7£ HCC 41 21
IR N RO =S vy | R R S W o 5 1 I B
HCC 41 {14 58 At %, #0 HCC 40 M 98 7, Al
{2 3 g 9 AR K o RNA PR N0 € 52 56 0 %2 HCC 48
Jitg v AT fiE 55 hsa_cire_0091570 #H H. /E H B miRNA,
53 H hsa_cire_0091570 Al LLYE A miR-1307 (1) “VG4 7,
HETTH 5 ISM1 A9 35, B hsa_cire_0091570 3 1 {4
P11 ISM1 4 32 miR-1307 (1%~ I 1Ml A 48 Bt b 983 76 1 <
circRNA 7€ i 8 & A2 B R /E R “miRNA G437 &
FEDIRE A AL L T HCC, A 0L oAt 25 70 8 98 0
B PR . 45 B o Liu PR B hsa_cire_
001783 7 FL M 9 21 21 v 9 22 38 B g & F B X i i
Jii 2 41, Kaplan-Meier 43 #F #f — 25 & 7R hsa_cire_
001783 Kk K P mmBEE R kKAEE kK, H
ToW A A 2K . 2 I Z 73 H7 R hsa_cire_001783 (1)
&R KT 2 T 2L A g AR WS S LR L i
H hsa_circ_001783 i iz W% Fff 45 &5 miR_200c_3p fi¢ i#f
TR 9 A M 1 R, T DAV Dby 3L 9 B I TS AR
ARG YT A o Hu 885k LSS 15 ) i 4 2 A 40
Jit  cireFATT . UHRF1 K F-JF 5, miR-520b . miR-
302¢-3p K FFEAK o mAR cire FATT BT 300 31 441 g 1% 58 |
S OB DL SO R AL 0R T 0 cireFATL J2 miR-
520b Al miR-302¢-3p A9 “MEZH ", 1fif miR-520b Fil miR-
302¢-3p A LA 8 [A] UHRF1. $2 /R circFAT1 |
UHRF1, & i %8 i) miR-520b Fl miR-302c-3p 5% Wi 45
B A MR A . JR T MR, R4S LR Y
BT LR AR P . fE R “miRNA 4R 7 Y
circRNA 12 Wt FTG T 22 B 28 U 1 i g 4 428 158 1)
il R & A & R TR Y cireRNA-miRNA JE PR 45
W 2 A5 o i — 20 B 5E

1.3.2 5 RBP %4 RBP 7554 5 J5 /&1 Fl mRNA &
PEPREE B OCHEEMAEN o cireRNA L)L ceRNA H il
3 4 5 RBP (9 T RE, 1 4b cireRNA fE 5 “RBP i
g7 R R SR D s, BV #AK RBP A A
o3 8 B A% 3 ) R A 1 W 41 LA B, Zha S8R B
circZKSCANT 18 52 4 45 RBP g ¥k X & HIK F & H
(FMRP) HJZjHg, FHWr FMRP 5 B-catenin 45 5 8 M
o1 g JE B A T B 1 (CCAR1) mRNA (1 45
4, Ml Wt/ -catenin {5 5 il % 2 3% . 1L 4k,
circZKSCANT 76 44 P 75 3 Jo g e 1k, R BIL BN
R0 1036 9T A998 1 o X B R T cireZKSCANT ZE 41 il
HCC 4iMe iy T4 (HCC-CSCs) T EFIRIMLE], I
Wi 5E T 8 &Y cireZKSCAN1-FMRP-CCAR1-Wnt {55
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BT REZ HCCYRYT I L 4

1.83.3 #iF M &G circRNA o] B3 A 1) BE M
H, BZEBF5E L83 #i . Bozzoni A BA™ & B cire-
ZNF609 5 5 55 Z2 W WA AE OC , JF DA B H2 40 4 14
W A0 A8 1 1 2B A T, AT AR R T B
A W) v G A 2R B cireRNA ) — 61 ¥~ Yang 257
B I cire-FBXW7 £ 1E F Ao h Kt 3R i5, B EB
KRR VE AT 5 3K B B cire-FBXW7 15 332 JF ik B 332
HE S i T — BT 0 21 kDa 25 11, 3% HFR N FBXW7-
185aa, J& 20 il rh FBXW7-185aa Y b 9 4100 ] T 14 5
V20 0 JE 390 A IS, i FBXW7-185aa 1 it G U] 42 1
TR RSN B B A L Be A, i S5 RE 41 R
IIfs PR FEAS 71 B cire-FBXW7 I FBXW7-185aa /K F- 5 H
BC X i 988 AH 48 4 2 AH B 3R IR BER (P<0.001) .
cire-FBXW7 2235 5 J5¢ 00 15 40 B 98 58 3 19 iR A A it
IEAE (P=0.03) . 16HH P JEME cireRNA 7] 2 5 41 Jif
A e E H, H cire-FBXW7 Hil FBXW7-
185aa % figi ¢ J5 1 244 A 9 LA W AE 1 T/ 52 )

2 circRNAZEHCC HHI{ER

circRNA & %3l i circRNA-miRNA-mRNA %ili 74
5 5 i DRl P9 3k R B R 3k . KB Y cireRNA 7E
HCC 21 20 vp S % 38, #2778 1X 28 circRNA 7] BE 7£
HCC W kA . RSB h REEZEMEN, HhE
BAEERK. W B RE. MREAY . b
S Ti] 78 o i Al A 5 3 4 D T
2.1 circRNAZEHCC yiEERA

ke i 22 10 B 9T 26 W cireRNA AT A g 41098 I 1
VeI ¥ HCC 40 i3 5 . srfk . 1288 . RESE
P db R, M HCC M B A R, — kUl b
&Y cireRNA 7 HCC H A Sy 9 25 IR & #5428 /R
P 5 40 M AR R HG BRI AR 22, B3 4
WIpH AT (R 1),

Qin 21 % Pl hsa_cire_0001649 7E HCC 2H 41 i1
TR WAL T HAE R E S AL b RL, HHE
Tk K5 Mo A K 2 MG, B hsa_cire_
0001649 7] fig A& #E # 4F FH o X hsa_cire_0001649 [
7 5 3E 47 WF 58 A B 2 AW AE 1) RBP 45 5 i A,
$& 7% hsa_cire_0001649 7] 8 5 & 1 5T W i 25 & s Ak
J— PSS 5 HCC 1 R AR AR JE

© WA )3 of [ FF I F A EPTA

Han Z5¥ 3 81 T cireRNA 76 HCC 20 21 (1) 6 3k 3%
K cireMTOL Sz — F Jif 988 #H 5C 73 F 7 HCC 241 2R

FIRW T, H HCC A2 cireMTO1 Y 3 15 B
S5 HCCEEMBEARBEME:. SHmELHE
LG, RFIE M HCC B F A% 5, T LL HCC
LU cireMTO1 1 B I 1T BB VE S BLJS AN B A T8 00
&5 o cireMTO1 W2 B 25 & B0 & I miR-9, 38 &
cireMTO 1/miR-9/p21 il #1 #il HCC f4 #F &, $/R HAE
HCC kAR TR MEIE- . Ak, cireMTOL AR
T B R T R HCC #E [aR 7 R T, RN
cireMTO1 7] /E 2 HCC W 78 1936 7 50 2 FL B S A= )
FR&EY . Yu 2" & Bl cSMARCAS 7E HCC 2H 2L rh 1)
FIRKF AR, cSMARCAS 9 F i85 HCC (12 284k
FRAE B E A G, 2 HCC B E R B AEGFR (09)
M E & A&EAFHR (RFS) Ml r G W&,
¢SMARCAS5 i i 35§ miR-17-3p F1 miR-181b-5p i 1k
L[] 0 A B o1 R T TIMP3 Y 238, AT 40 4
HCC 4 i 0 34 58 A1 iE #8 o Chen %™ & Bl hsa_cire_
0051443 J2 28 A0 WA 7 DA IE 5 20 B 17) HCC 20 i 5% %%
i 2k A T 4 B O T R BEL DT 200 A ] 30 e 0
AW EAT R o HCC (B3 (1) 240 2R3 A0 W 44w ()
hsa_circ_0051443 FR iKW 2 NI . hsa_cire_0051443 5
FEIR AT AR N R A= G, I a8 0TS miR-331-3p
o W 5 L L B BAK L, DA A 2 HCC 40 A 0 1,
KRR o Chen 2% I cire_0003418 1 HCC
MM &R P3RBT, H5 HCC B3 Mg K
/N TNM 43 1 J HBsAg 7K F-AH 3¢ o circ_0003418 TJ
38 1 i Wnt/ B -catenin i 72 91 ] HCC 4 i (9 3 5
TRARZE, JE 3w HCC 40 X5 T B Y B0 DA
T B B VR o cire_0003418 @& A% AT 343 HCC 21
[t %) Wnt/ B -catenin {5 53 [, I i2F HCC 20 i i) 384
W, IR AR ZE. NI, circ_0003418 1] fig & —Fh
B W As &, IR L TR Y HCC By T LK .
Li %595 Bl cire-102, 166 £ HCC W ek fEIL, &
KK 5 Z Bl PR 9 BRARRAE B HCC BB & 19 11 IR 150
Ja ARG . RSP FR P SEE R, cire-102, 166
if F Ik WA HCC 4 i iy 3 5 . 1R28 . i
HEE . M, cire-102, 166 T L 5 miR-182 Al
miR-184 5 &, 4 75 H T iF JLA 48 &1 (FOXO03a,
MTSS1, SOX7. p-RB Fle-MYC) [F3h5, FHH cire-
102, 166 1E HCC H =2 A i g 30 1 7 1
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1 circRNATEHCC M IhEE R AE RHLE
Table 1 Biological function and action mechanism of circRNAs in HCC
circRNA FrEA Gyl 42l ik
hsa_circ_0091570 T Ha5E (i) miR-1307/ISM1 [9]
JHT- (i)
hsa_circ_0001649 T et (I RBP [40]
cireMTO1 T HAFE (1)) miR-9/P21 [41]
=22 (i)
¢SMARCAS5 T Ha5E () miR-17-3p/miR-181b-5p/TIMP3 [42]
T ()
hsa_circ_0051443 T PR (f i) miR-331-3p/BAK1 [43]
circ_0003418 T TagE (F0H]) Wnt/B-catenin [44]
R (i)
(=€)
cire-102, 166 L B gE (i) miR-182/miR-184 [45]
R (i)
fz& (i)
R PE ()
circRHOT1 e A% (i) TIP60/NR2F6 [46]
hsa_cire_101280 S Ha5E (e ) miR-375/JAK2 [47]
PR (i)
hsa_circ_103809 S Ha5E (fieift) miR-377-3p/FGFR 1/ERK [48]
T (k)
circASAPI1 b HavE (el ) miR-326/miR-532-5p-MAPK1/CSF-1 [49]
22 (fEik)
hsa_circ_0039053 B HBH (i) miR-637/USP21 [50]
fR2E (f3#)
circMAST] i Ha5E (feit) miR-1299 [51]
1222 (fEk)
T (fEik)
hsa_circRNA_104348 S H45E (i) miR-187-3p/RTKN2 [52]
1228 (f&f) Wnt/B-catenin
1228 (i)
PR (i)
circPUM1 1A HagE (feik) miR-1208/MAP3K2 [53]
272 (fieilk)
122 (i)

2.2 circRNAZEHCC R E1EA

BR T AE SR g R4, — 26 cireRNA 1
ik B o] i e A ) DR S e R R R AR R R, B4
B UE S AE AL 45 HCC 7E Y 22 Fl N 28 i i o X6 i g
MK . ¥R RFBHAEEMEEAEN . —
MK 16 cire RNA T 38 (7% 8 70 )y g 2 AF iy HCC i
1 A 300 A0 B A e RS AR SR, IRl s S A
it D S BEL ¥ R 448 9 T

Wang Z" R BAE HCC 12, circRHOTL J2& 17>
F kW B 0 cireRNA, 5 % 35 circRHOT1 1

© WA )3 of [ FF I F A EPTA

HCC B E Z G AR o 3 o S Rk iy 25, ik
B circRHOT1 fig & A2 #F HCC B K M85 . 1EHL
il I+, cireRHOT1 i i 4K 81 T TIP60O 1Y) NR2F6 35 ih
{2 3 HCC [ #EJ | cireRHOTI 7] fig S HCC Tm 1Y ¥
TEAED bR EY) o Cao S5 8 3 PR 2 18 45 & BUds
By i 8 HCC 21 21 2% 5 K38 1Y circRNA S H qRT-
PCR A&, & BLAE HCC 4f Jfl 3 1 hsa_cire_101280 5
F Ak H T i miR-375 R K 5, AP IFS BN
hsa_circ_101280 i i I+ #8 miR-375 I JAK2, fi ik
HCC 4 0 1 38 58 31 B30 08 12, DT A K s £
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%31 &

T HCC W) & 4 & B . Zhan " K PR has_cire_
103809 7E HCC f # H = % ik, hsa_cire_103809 J [X]
e P I 25 4 HC.C 40 B 384 58 A1 RS, 36 BH hsa_cire_
103809 3 3 ¥ 17 miR-377-3p/FGFR1/ERK #li it #F HCC
1 & A AR e o Hu 58T 5 1k 9 1 40 F 55 2% B
circASAP1 {2 #F HCC A K Uil 55 5%, e 2F 41 i 354 7
VR . IR 72 . circeASAPL fE y miR-326 Al
miR-532-5p (1 3 4+ ¥£ N I Pk RNA  (ceRNA) , 1M
MAPKI F1 CSF-1 J& miR-326 Fl miR-532-5p F{) B $% 4L
[A] #% &5, circASAPL fE I F miR-326/miR-532-5p-
MAPK1/CSF-1 15 5 i fif £ #F HCC 4H Jifg 33 78 Fn {2 28 ,
JF H w] fg W HCC B W5 o Yang 590 & B
hsa_circ_0039053 7£ HCC 2 41 F 41 i & v i % 3k
o ik 50 HCC B M I R FRIEAH DG . T
hsa_cire_0039053 [ 3 ik <3 41l il HCC 3 48 F1 4= 7€ fig
71 o hsa_circ_0039053 ff i — Ft ceRNA il i 45 &
miR-637 1F [1] % USP21 ik, DA A2 2410 98 1 HH
Yu P B cireMAST1 78 HCC 41 21 R 40 il & v 1
W, 38 1t siRNA JT 2R cireMAST1 A9 26 35 a] DL 4 16
HCC A0 AT B8 . (2 28 AN 388 4 DL R 8 1A P9 A ik Jeg
AR . TEHCC I R FEA H, cireMASTID B % ik 5
catenin delta-1 (CTNND1) % 1FEAH ¢, 5 miR-1299
M . cireMASTT 3 33 25 & miR-1299 Fl £ &
CTNND1 f) 2 35 12 9F HCC #F J& o A I cireMAST1 7]
AEVE A HCC B9 58T AU A= W b i W) A 97 45 Huang
A2 I hsa_circRNA_104348 78 HCC 26 21 F0 44 g rh
B 98, H hsa_circRNA_104348 5 % 35 19 HCC B
H PG 2% . hsa_circRNA_104348 {i2 3 HCC 41 Jifd 34
B . R RIRZE, [REFE HCC UM T 4,
hsa_circRNA_104348 T 4% # [7] miR-187-3p, W] i ¥
miR-187-3p 5% Ml HCC 40 il (1 34 51 . &8 . (R ZE A
T-, % 7] B8 X Wnt/B -catenin {5 538 1% 7= A= 52 i
RTKN2 7] fig j& miR-187-3p [ & % ¥ & . hsa_
circRNA_104348 7] fig 8 1 # 1] miR-187-3p/RTKN2
F G Wit/ B-catenin i #, 1E 0 38 40 PE IR PE RNA
(ceRNA) 12 i HCC #F & . Zhang SEDIT B 5Y K PR
circPUM1 7E HCC 40 My &2 & 3R 35 o 78 1K 4b g A iF
HCC 40 M % . =B MR8, RN R,
circPUM1 A 3 /il HCC g8 19 & A, I 9415 EMT AH
KHEHMFEIL . A, cicPUML A DL 1 45 &
miR-1208 M i I 3 MAP3K2 i %% 35 H A2 #F HCC 9 &

© WA )3 of [ FF I F A EPTA

Ji&, AEB] circPUMIL ] g 72 HCC A ¥ AR VR I 7 48 A5 .

3 circRNAEHBV#XEHCC

ZRVBTF % 9% % (hepatitis B virus, HBV) Fl1H
B RT 4 98 B (hepatitis C virus, HCV) J& HCC [ 3
B R o 18 &R S R BE IR G 2 I Y R IR r
PLRE AR R 2 80 IX HCC 7 & 1Y 32 2 fa | ] &0
12 P R R (chronic hepatitis B, CHB) 7E 4 BR
JLE N E 20 240N, JUHZE W RHLIX, &4E
H 65 T BIAL TP 8k £ R R A B IR gL v] S
O™ E MRS, EAG A 4E b . RE 4K FT HCC,
JEXTH A Z A28 B AR WY, KR Z 8 HCC B
A HBV B, 4f & T2 IR RIED . circRNA
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Pl 40 cireRNA_101764/miR-181 . circRNA_100338/
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i) cireRNA Z —, H g &£ik 5 R4 HCC A 1Y
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SO0 e B 5508 M I 48 B R X B AH [, cire_
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) HCC FEAS h e 3k FH 5, Wl REAE S T HBV J8% 44
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http://'www.zpwz.net



CiRE]

IR, 5 Ik RNA 72 /T 40 i K RO P IR BT Rt R 113

4 N 45

g5 b, B B R AR R R e — A B S R AR
93 A, HCC & 4 B3R /S W W IE , 2 0 i
MRIETZ IS = R, HBE W HCC & E %R
A, — R NS I [R] I A 7 (g ), A
SRAT AR R A 4K TF R T T B3R T i, (H HCC 19 A4
FERASRARAR , TS AR 28 0 V1A T35 A6 25 B 28 1) 4
BIJ7 W, AE g LA A I bRy S bR A, BB
A, AL b R R RS R & . B HCC
i S TR AR AE , HCC H 3 RG TY 7 RFEI
AT SO o AE TR TE A D, i DR RS 1R
7 S )R A U ) W K b R A o PR 2R RE T
M HE E HCC A PEAR IR YT o 134 [ BH 2RIR RNA
R “miRNAEZR” A1 “RBPIUFLR" &4 HH45 &
TER M EZYIRE, HCC 22 5 H circRNA 1 % 35 1%
KA 2 RER AR AL, 7E HCC Y ) G BF 1A 25
Rz W, B3R YTY . B WAL AR I s 2k
855 1 HL A BB R N AN o B B B AR
RNA M 0F 58 F 2R R R AW kA . 4k X &
YE R ceRNA B HL I %5 JLAS 5w, i — 26 0 98 7%
B DL cireRNA I HERRRC DU . 38000 . DB 4> 1 S
Gi—fw 44 5, ATz M T f# AR HCC Ay
PEFIR Y cireRNA 35, ALFE HLME 0 . D AE ALAE HBL
Hil 7E HCC th iy R ABF 9T, 30K 35 & X HCC & A= it
TR 2 A 4% NI, A B T cireRNA 78
HCC 7 #112 Wr - 70 4 448 3 1 8L 3 A B i Ak 0, ol
B HCC il R & i A fdt 2 6 7 .

RBFR: IREHEHFRARAEEF TR,

2% Uik

[1] Ji Q, Zhang C, Sun X, et al. Circular RNAs function as competing
endogenous RNAs in multiple types of cancer[J]. Oncol Lett. 2018,
15(1):23-30. doi: 10.3892/01.2017.7348.

(2] A RS [ K A R D S PR R A ) . SR M I
Y7L (2019 AF RO [J]. 1R 52 FAMRE A A, 2020, 40(2): 121~
138. doi:10.19538/j.cjps.issn1005-2208.2020.02.01.

Medical Administration and Management Bureau of the National
Health Commission of the People's Republic of China.
Standardization for diagnosis and treatment of primary hepatic
carcinom (2019 edition) [J]. Chinese Journal of Practical Surgery,

2020, 40(2): 121-138. doi: 10.19538/j. cjps. 1issnl005-

© WA )3 of [ FF I F A EPTA

2208.2020.02.01.

[3] European Association for the Study of the Liver, addressElectronic:
easloffice@easloffice.eu, European Association for the Study of the
Liver. EASL Clinical Practice Guidelines: Management of
hepatocellular carcinoma[J]. J Hepatol. 2018, 69(1): 182-236. doi:
10.1016/j.jhep.2018.03.019.

[4] Sung H, Ferlay J, Siegel RL, 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.

[5] Kuo YH, Wu IP, Wang JH, et al. The outcome of sorafenib
monotherapy on hepatocellular carcinoma with portal vein tumor
thrombosis[J]. Invest New Drugs, 2018, 36(2): 307-314. doi:
10.1007/s10637-017-0468-6.

[6] Luo P, Wu S, Yu Y, et al. Current Status and Perspective
Biomarkers in AFP Negative HCC: Towards Screening for and
Diagnosing Hepatocellular Carcinoma at an Earlier Stage[J]. Pathol
Oncol Res, 2020, 26(2): 599-603. doi: 10.1007/s12253-019-
00585-5.

[7] Wang M, Yu F, Li P. Circular RNAs: Characteristics, Function and
Clinical Significance in Hepatocellular Carcinoma[J]. Cancers
(Basel), 2018, 10(8):258. doi: 10.3390/cancers10080258.

[8] WA, X AL 4 . o 2 Ak JRATL R 1) BF o 8 e B HC v 97

R (0], TP R A RE 2R AR 2018, 27(7):910-923. doi: 10.3978/j.
issn.1005-6947.2018.07.016.
Chen SF, Zhao LJ. Research progress on mechanisms for
occurrence of liver cancer and its treatment status[J]. Chinese
Journal of General Surgery, 2018, 27(7): 910-923. doi: 10.3978/j.
issn.1005-6947.2018.07.016.

[9] Wang YG, Wang T, Ding M, et al. hsa circ 0091570 acts as a
ceRNA to suppress hepatocellular cancer progression by sponging
hsa-miR-1307[J]. Cancer Lett, 2019, 460:128-138. doi: 10.1016/j.
canlet.2019.06.007.

[10] Qiu L, Wang T, Ge Q, et al. Circular RNA Signature in
Hepatocellular Carcinoma[J]. J Cancer, 2019, 10(15): 3361-3372.
doi: 10.7150/jca.31243.

[11] Li J, Sun D, Pu W, et al. Circular RNAs in Cancer: Biogenesis,
Function, and Clinical Significance[J]. Trends Cancer. 2020, 6(4):
319-336. doi: 10.1016/j.trecan.2020.01.012.

[12] Lei M, Zheng G, Ning Q, et al. Translation and functional roles of
circular RNAs in human cancer[J]. Mol Cancer, 2020, 19(1): 30.
doi: 10.1186/512943-020~1135-7.

[13] Hansen TB, Jensen TI, Clausen BH, et al. Natural RNA circles
function as efficient microRNA sponges[J]. Nature, 2013, 495
(7441):384-388. doi: 10.1038/nature11993.

[14] Zang J, Lu D, Xu A. The interaction of circRNAs and RNA

http://'www.zpwz.net


http://dx.doi.org/10.3892/ol.2017.7348
http://dx.doi.org/10.19538/j.cjps.issn1005-2208.2020.02.01
http://dx.doi.org/10.19538/j.cjps.issn1005-2208.2020.02.01
http://dx.doi.org/10.19538/j.cjps.issn1005-2208.2020.02.01
http://dx.doi.org/10.1016/j.jhep.2018.03.019
http://dx.doi.org/10.1016/j.jhep.2018.03.019
http://dx.doi.org/10.3322/caac.21660
http://dx.doi.org/10.1007/s10637-017-0468-6
http://dx.doi.org/10.1007/s10637-017-0468-6
http://dx.doi.org/10.1007/s12253-019-00585-5
http://dx.doi.org/10.1007/s12253-019-00585-5
http://dx.doi.org/10.3390/cancers10080258
http://dx.doi.org/10.3978/j.issn.1005-6947.2018.07.016
http://dx.doi.org/10.3978/j.issn.1005-6947.2018.07.016
http://dx.doi.org/10.3978/j.issn.1005-6947.2018.07.016
http://dx.doi.org/10.3978/j.issn.1005-6947.2018.07.016
http://dx.doi.org/10.1016/j.canlet.2019.06.007
http://dx.doi.org/10.1016/j.canlet.2019.06.007
http://dx.doi.org/10.7150/jca.31243
http://dx.doi.org/10.1016/j.trecan.2020.01.012
http://dx.doi.org/10.1186/s12943-020-1135-7
http://dx.doi.org/10.1038/nature11993

114 HE L

SRR R 5531 %

binding proteins: An important part of circRNA maintenance and
function[J]. J Neurosci Res, 2020, 98(1): 87-97. doi: 10.1002/
jnr.24356.

[15] Li F, Yang Q, He AT, et al. Circular RNAs in cancer: Limitations in
functional studies and diagnostic potential[J]. Semin Cancer Biol,
2021, 75:49-61. doi: 10.1016/j.semcancer.2020.10.002.

[16] Sanger HL, Klotz G, Riesner D, et al. Viroids are single-stranded
covalently closed circular RNA molecules existing as highly base-
paired rod-like structures[J]. Proc Natl Acad Sci U S A, 1976, 73
(11):3852-3856. doi: 10.1073/pnas.73.11.3852.

[17] Hsu MT, Coca-Prados M. Electron microscopic evidence for the
circular form of RNA in the cytoplasm of eukaryotic cells[J].
Nature, 1979, 280(5720):339-340. doi: 10.1038/280339a0.

[18] M, B ik, £330k, 5. MR RNA FBLIM1 7640 itdfw v A=

Yr2p IRERI WA WETEI]. T SRR, 2019, 28(9):1109-
1114. doi:10.7659/j.issn.1005-6947.2019.09.012.
Peng EM, Xia FD, Wang WL, et al. Preliminary study of the
biological function of circular RNA FBLIMI in hepatocellular
carcinoma[J]. Chinese Journal of General Surgery, 2019, 28(9):
1109-1114. doi:10.7659/j.issn.1005-6947.2019.09.012.

[19] Kristensen LS, Jakobsen T, Hager H, et al. The emerging roles of
circRNAs in cancer and oncology[J]. Nat Rev Clin Oncol, 2021.
doi: 10.1038/s41571-021-00585~y. [Online ahead of print]

[20] Meng S, Zhou H, Feng Z, et al. CircRNA: functions and properties
of a novel potential biomarker for cancer[J]. Mol Cancer, 2017, 16
(1):94. doi: 10.1186/s12943-017-0663-2.

[21] Suzuki H, Tsukahara T. A view of pre-mRNA splicing from RNase
R resistant RNAs[J]. Int J Mol Sci, 2014, 15(6):9331-9342. doi:
10.3390/ijms 1506933 1.

[22] Xue C, Li G, Lu J, et al. Crosstalk between circRNAs and the PI3K/
AKT signaling pathway in cancer progression[J]. Signal Transduct
Target Ther, 2021, 6(1):400. doi: 10.1038/s41392-021-00788-w.

[23] Du WW, Fang L, Yang W, et al. Induction of tumor apoptosis
through a circular RNA enhancing Foxo3 activity[J]. Cell Death
Differ, 2017, 24(2):357-370. doi: 10.1038/cdd.2016.133.

[24] Panda AC, Grammatikakis I, Kim KM, et al. Identification of
senescence-associated circular RNAs (SAC-RNAs) reveals
senescence suppressor CircPVTI1[J]. Nucleic Acids Res, 2017, 45
(7):4021-4035. doi: 10.1093/nar/gkw1201.

[25] Wang S, Zhang K, Tan S, et al. Circular RNAs in body fluids as
cancer biomarkers: the new frontier of liquid biopsies[J]. Mol
Cancer, 2021, 20(1):13. doi: 10.1186/s12943-020-01298~z.

[26] Wen G, Zhou T, Gu W. The potential of using blood circular RNA
as liquid biopsy biomarker for human diseases[J]. Protein Cell,
2021, 12(12):911-946. doi: 10.1007/s13238-020-00799-3.

[27] Du WW, Zhang C, Yang W, et al. Identifying and Characterizing

© WA )3 of [ FF I F A EPTA

circRNA-Protein Interaction[J]. Theranostics, 2017, 7(17): 4183—
4191. doi: 10.7150/thno.21299.

[28] Li Z, Huang C, Bao C, et al. Exon-intron circular RNAs regulate
transcription in the nucleus[J]. Nat Struct Mol Biol, 2015, 22(3):
256-264. doi: 10.1038/nsmb.2959.

[29] Chen LL. The expanding regulatory mechanisms and cellular
functions of circular RNAs[J]. Nat Rev Mol Cell Biol, 2020, 21(8):
475-490. doi: 10.1038/s41580-020-0243~y.

[30] Memczak S, Jens M, Elefsinioti A, et al. Circular RNAs are a large
class of animal RNAs with regulatory potency[J]. Nature, 2013, 495
(7441):333-338. doi: 10.1038/nature11928.

[31] Hanniford D, Ulloa-Morales A, Karz A, et al. Epigenetic Silencing
of CDRlas Drives IGF2BP3-Mediated Melanoma Invasion and
Metastasis[J]. Cancer Cell, 2020, 37(1): 55-70. doi: 10.1016/j.
ccell.2019.12.007.

[32] Sun X, Ge X, Xu Z, et al. Identification of circular RNA-
microRNA-messenger RNA regulatory network in hepatocellular
carcinoma by integrated analysis[J]. J Gastroenterol Hepatol, 2020,
35(1):157-164. doi: 10.1111/jgh.14762.

[33] Zheng Q, Bao C, Guo W, et al. Circular RNA profiling reveals an
abundant circHIPK3 that regulates cell growth by sponging
multiple miRNAs[J]. Nat Commun, 2016, 7:11215. doi: 10.1038/
ncomms11215.

[34] Liu Z, Zhou Y, Liang G, et al. Circular RNA hsa circ_001783
regulates breast cancer progression via sponging miR-200c-3p[J].
Cell Death Dis, 2019, 10(2):55. doi: 10.1038/s41419-018-1287-1.

[35] Hu B, Xian Z, Zou Q, et al. CircFATI Suppresses Colorectal
Cancer Development Through Regulating miR-520b/UHRF1 Axis
or miR-302¢-3p/UHRF1 Axis[J]. Cancer Biother Radiopharm,
2021, 36(1):45-57. doi: 10.1089/cbr.2019.3291.

[36] Ashwal-Fluss R, Meyer M, Pamudurti NR, et al. circRNA
biogenesis competes with pre-mRNA splicing[J]. Mol Cell, 2014,
56(1):55-66. doi: 10.1016/j.molcel.2014.08.019.

[37] Zhu YJ, Zheng B, Luo GJ, et al. Circular RNAs negatively regulate
cancer stem cells by physically binding FMRP against CCARI1
complex in hepatocellular carcinoma[J]. Theranostics, 2019, 9(12):
3526-3540. doi: 10.7150/thno.32796.

[38] Legnini I, Di Timoteo G, Rossi F, et al. Circ-ZNF609 Is a Circular
RNA that Can Be Translated and Functions in Myogenesis[J]. Mol
Cell, 2017, 66(1):22-37. doi: 10.1016/j.molcel.2017.02.017.

[39] Yang Y, Gao X, Zhang M, et al. Novel Role of FBXW?7 Circular
RNA in Repressing Glioma Tumorigenesis[J]. J Natl Cancer Inst,
2018, 110(3):304-315. doi: 10.1093/jnci/djx166.

[40] Qin M, Liu G, Huo X, et al. Hsa circ_0001649: A circular RNA
and potential novel biomarker for hepatocellular carcinomalJ].

Cancer Biomark, 2016, 16(1):161-169. doi: 10.3233/CBM-150552.

http://'www.zpwz.net


http://dx.doi.org/10.1002/jnr.24356
http://dx.doi.org/10.1002/jnr.24356
http://dx.doi.org/10.1016/j.semcancer.2020.10.002
http://dx.doi.org/10.1073/pnas.73.11.3852
http://dx.doi.org/10.1038/280339a0
http://dx.doi.org/10.7659/j.issn.1005-6947.2019.09.012
http://dx.doi.org/10.7659/j.issn.1005-6947.2019.09.012
http://dx.doi.org/10.1038/s41571-021-00585-y
http://dx.doi.org/10.1186/s12943-017-0663-2
http://dx.doi.org/10.3390/ijms15069331
http://dx.doi.org/10.3390/ijms15069331
http://dx.doi.org/10.1038/s41392-021-00788-w
http://dx.doi.org/10.1038/cdd.2016.133
http://dx.doi.org/10.1093/nar/gkw1201
http://dx.doi.org/10.1186/s12943-020-01298-z
http://dx.doi.org/10.1007/s13238-020-00799-3
http://dx.doi.org/10.7150/thno.21299
http://dx.doi.org/10.1038/nsmb.2959
http://dx.doi.org/10.1038/s41580-020-0243-y
http://dx.doi.org/10.1038/nature11928
http://dx.doi.org/10.1016/j.ccell.2019.12.007
http://dx.doi.org/10.1016/j.ccell.2019.12.007
http://dx.doi.org/10.1111/jgh.14762
http://dx.doi.org/10.1038/ncomms11215
http://dx.doi.org/10.1038/ncomms11215
http://dx.doi.org/10.1038/s41419-018-1287-1
http://dx.doi.org/10.1089/cbr.2019.3291
http://dx.doi.org/10.1016/j.molcel.2014.08.019
http://dx.doi.org/10.7150/thno.32796
http://dx.doi.org/10.1016/j.molcel.2017.02.017
http://dx.doi.org/10.1093/jnci/djx166
http://dx.doi.org/10.3233/CBM-150552

CiRE]

IR, 5 Ik RNA 72 /T 40 i K RO P IR BT Rt R 115

[41] Han D, Li J, Wang H, et al. Circular RNA circMTOL! acts as the
sponge of microRNA-9 to suppress hepatocellular carcinoma
progression[J]. Hepatology, 2017, 66(4): 1151-1164. doi: 10.1002/
hep.29270.

[42] Yu J, Xu QG, Wang ZG, et al. Circular RNA ¢SMARCAS inhibits
growth and metastasis in hepatocellular carcinoma[J]. J Hepatol,
2018, 68(6):1214-1227. doi: 10.1016/j.jhep.2018.01.012.

[43] Chen W, Quan Y, Fan S, et al. Exosome-transmitted circular
RNA has circ_ 0051443 suppresses hepatocellular carcinoma
progression[J]. Cancer Lett, 2020, 475: 119-128. doi: 10.1016/].
canlet.2020.01.022.

[44] Chen H, Liu S, Li M, et al. circ_ 0003418 Inhibits Tumorigenesis
And Cisplatin Chemoresistance Through Wnt/p -Catenin Pathway
In Hepatocellular Carcinomal[J]. Onco Targets Ther, 2019, 12:9539~
9549. doi: 10.2147/0TT.S229507.

[45] Li R, Deng Y, Liang J, et al. Circular RNA circ-102,166 acts as a
sponge of miR-182 and miR-184 to suppress hepatocellular
carcinoma proliferation and invasion[J]. Cell Oncol (Dordr), 2021,
44(2):279-295. doi: 10.1007/s13402-020-00564-y.

[46] Wang L, Long H, Zheng Q, et al. Circular RNA circRHOTI
promotes hepatocellular carcinoma progression by initiation of
NR2F6 expression[J]. Mol Cancer, 2019, 18(1):119. doi: 10.1186/
$12943-019-1046-7.

[47] Cao S, Wang G, Wang J, et al. Hsa circ 101280 promotes
hepatocellular  carcinoma by regulating miR-375/JAK2[J].
Immunol Cell Biol, 2019, 97(2):218-228. doi: 10.1111/imcb.12213.

[48] Zhan W, Liao X, Chen Z, et al. Circular RNA hsa circRNA
103809 promoted hepatocellular carcinoma development by
regulating miR-377-3p/FGFR1/ERK axis[J]. J Cell Physiol, 2020,
235(2):1733-1745. doi: 10.1002/jcp.29092.

[49] Hu ZQ, Zhou SL, Li J, et al. Circular RNA Sequencing Identifies
CircASAP1 as a Key Regulator in Hepatocellular Carcinoma
Metastasis[J]. Hepatology, 2020, 72(3): 906-922. doi: 10.1002/
hep.31068.

[50] Yang TB, Yi F, Liu WE, et al. Identification of hsa_circ_0039053 as
an up-regulated and oncogenic circRNA in hepatocellular
carcinoma via the miR-637-mediated USP21 activation[J]. J
Cancer, 2020, 11(23):6950-6959. doi: 10.7150/jca.48998.

[51] Yu X, Sheng P, Sun J, et al. The circular RNA circMAST1
promotes hepatocellular carcinoma cell proliferation and migration
by sponging miR-1299 and regulating CTNND1 expression[J]. Cell
Death Dis, 2020, 11(5):340. doi: 10.1038/s41419-020-2532-y.

[52] Huang G, Liang M, Liu H, et al. CircRNA hsa_circRNA_ 104348
promotes hepatocellular carcinoma progression through modulating

miR-187-3p/RTKN2 axis and activating Wnt/3-catenin pathway[J].

© WA )3 of [ FF I F A EPTA

Cell Death Dis, 2020, 11(12): 1065. doi: 10.1038/541419-020-
03276-1.

[53] Zhang Y, Wang D, Zhu T, et al. CircPUMI1 promotes hepatocellular
carcinoma progression through the miR-1208/MAP3K2 axis[J]. J
Cell Mol Med, 2021, 25(1):600-612. doi: 10.1111/jecmm.15998.

[54] de Martel C, Maucort-Boulch D, Plummer M, et al. World-wide
relative contribution of hepatitis B and C viruses in hepatocellular
carcinoma[J]. Hepatology, 2015, 62(4): 1190-1200. doi: 10.1002/
hep.27969.

[55] Ott 1], Stevens GA, Groeger J, et al. Global epidemiology of
hepatitis B virus infection: new estimates of age-specific HBsAg
seroprevalence and endemicity[J]. Vaccine, 2012, 30(12): 2212~
2219. doi: 10.1016/j.vaccine.2011.12.116.

[56] Pan CQ, Dai E, Bhamidimarri KR, et al. Clinical Features of
Chronic Hepatitis B in Treatment-naive Asian Patients With
Positive HBeAg and Coexisting Precore and/or Basal Core
Promoter Mutations[J]. J Clin Gastroenterol, 2017, 51(3):261-267.
doi: 10.1097/MCG.0000000000000664.

[57] El-Serag HB. Epidemiology of viral hepatitis and hepatocellular
carcinoma[J]. Gastroenterology, 2012, 142(6): 1264-1273. doi:
10.1053/j.gastro.2011.12.061.

[58] Zhou TC, Li X, Chen LJ, et al. Differential expression profile of
hepatic circular RNAs in chronic hepatitis B[J]. J Viral Hepat,
2018, 25(11):1341-1351. doi: 10.1111/jvh.12944.

[59] Liao R, Liu L, Zhou J, et al. Current Molecular Biology and
Therapeutic Strategy Status and Prospects for circRNAs in HBV-
Associated Hepatocellular Carcinomal[J]. Front Oncol, 2021, 11:
697747. doi: 10.3389/fonc.2021.697747.

[60] Huang XY, Huang ZL, Xu YH, et al. Comprehensive circular RNA
profiling reveals the regulatory role of the circRNA-100338/miR-
141-3p pathway in hepatitis B-related hepatocellular carcinoma[J].
Sci Rep, 2017, 7(1):5428. doi: 10.1038/541598-017-05432-8.

[61] Wu C, Deng L, Zhuo H, et al. Circulating circRNA predicting the
occurrence of hepatocellular carcinoma in patients with HBV
infection[J]. J Cell Mol Med, 2020, 24(17): 10216-10222. doi:
10.1111/jemm.15635.

(ALtpi £9)

LS| AR EC R IFAR, 20, Wk 55 . FIOIR RNA TE T4 i 2 A=
2B T B AR AT St R[], v [ 3d AP B2k ks, 2022, 31(1): 107~
115. doi: 10.7659/j.issn.1005-6947.2022.01.012

Cite this article as: Hao FL, Li T, Yao H, et al. Association of cir-
cRNAs with the occurrence and development of hepatocellular carci-
noma: recent progress[J]. Chin J Gen Surg, 2022, 31(1):107-115. doi:
10.7659/j.1ssn.1005-6947.2022.01.012

http://'www.zpwz.net


http://dx.doi.org/10.1002/hep.29270
http://dx.doi.org/10.1002/hep.29270
http://dx.doi.org/10.1016/j.jhep.2018.01.012
http://dx.doi.org/10.1016/j.canlet.2020.01.022
http://dx.doi.org/10.1016/j.canlet.2020.01.022
http://dx.doi.org/10.2147/OTT.S229507
http://dx.doi.org/10.1007/s13402-020-00564-y
http://dx.doi.org/10.1186/s12943-019-1046-7
http://dx.doi.org/10.1186/s12943-019-1046-7
http://dx.doi.org/10.1111/imcb.12213
http://dx.doi.org/10.1002/jcp.29092
http://dx.doi.org/10.1002/hep.31068
http://dx.doi.org/10.1002/hep.31068
http://dx.doi.org/10.7150/jca.48998
http://dx.doi.org/10.1038/s41419-020-2532-y
http://dx.doi.org/10.1038/s41419-020-03276-1
http://dx.doi.org/10.1038/s41419-020-03276-1
http://dx.doi.org/10.1111/jcmm.15998
http://dx.doi.org/10.1002/hep.27969
http://dx.doi.org/10.1002/hep.27969
http://dx.doi.org/10.1016/j.vaccine.2011.12.116
http://dx.doi.org/10.1097/MCG.0000000000000664
http://dx.doi.org/10.1053/j.gastro.2011.12.061
http://dx.doi.org/10.1053/j.gastro.2011.12.061
http://dx.doi.org/10.1111/jvh.12944
http://dx.doi.org/10.3389/fonc.2021.697747
http://dx.doi.org/10.1038/s41598-017-05432-8
http://dx.doi.org/10.1111/jcmm.15635
http://dx.doi.org/10.1111/jcmm.15635
https://dx.doi.org/10.7659/j.issn.1005-6947.2022.01.012
http://dx.doi.org/10.7659/j.issn.1005-6947.2022.01.012
http://dx.doi.org/10.7659/j.issn.1005-6947.2022.01.012

	1     circRNA概述
	1.1 circRNA的来源和特征
	1.2 circRNA的种类
	1.3 circRNA的作用机制

	2     circRNA在HCC中的作用
	2.1 circRNA在HCC中的抑癌作用
	2.2 circRNA在HCC中的促癌作用

	3     circRNA与HBV相关性HCC
	4     小　结

