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WE  FKRNA(circular RNA, circRNA)Z T F R 714 732 K iz 693F 4 BRNA. & T Hak4F
8 ) IR H), citeRNAE @i b B & BAL e vk, A A2 —Fr o it sz, A8 Tl ER
Tk EZW A MRy T EMGABIGIR, AL @A E M N PRI G R A Fe T Ak, A EHE R A,
circRNAE 138 "k & rh M JE 6 942, X R B B A5 EAP R JE 09 R A A KR, FF7T B35 mhif
B, Z LG4 T circRNASHE B *2 d 094F I B L3t P9 & 4 Fa it B VA BR 24 M 69 B0

X8R circRNA; B g

Effects of CircRNA on Autophagy and Cancer Progression

ZHANG Xu, GUAN Yongyu, LIU Fang, CHEN Che*
(School of Public Health, Gansu University of Chinese Medicine, Lanzhou 730000)

Abstract CircRNA (circular RNA) is a non-coding RNA that has attracted much attention in recent years.
circRNAs are highly stable in cells due to their unique closed-loop structure. Autophagy is a catabolic process that
contributes to the degradation and recirculation of harmful or insignificant biomolecules in cells and enables cells to
adapt to stresses and changes in the internal and external environments. There is evidence that circRNAs influence
cancer progression by regulating autophagy, suggesting that autophagy is involved in the development and progres-
sion of various cancers and may influence drug resistance. The role of circRNAs in autophagy and its effects on
tumorigenesis, progression and drug resistance were reviewed.

Keywords  circRNA; autophagy; tumour
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Fig.1 Schematic diagram of biological function of circRNAs

RNASMI B0, Fik A€, A b, R
e AR, cireRNATR] 73y = AN [F] 288 Ah & 5
circRNA(exon circular RNA, ecircRNA). W& F
circRNA(intron circular RNA, ciRNA). /M2 -
“F-circRNA (exon-intron circular RNA, elciRNA)?. cir-
cRNA LLR#E I\ Jy 02 % S 8l =4, To D er, b & ik
FTR NI AR [P R, circRNA S IE B 7R iE A
Pz BA BRI TR ™. H AT 2 #circRNA
FHEIFEAmMIRNABFEARIIGE . G5 G oRm AR 456
e 58 BB B AH BLAE R R 9w B 2 1 5
. AR, circRNAS T 1 B X e
IRAE S KA 2P 2 ¢ B, A Wy i,
circRNA R 22 R i) 3K 2 HAE V) 22 DR, {2 B AT
(I 9T 3 B FR A i i ceRN AWML T 1T I

2 BRE#ENA

1 W0 2 4 B R R A B R, Wy
WME(E ). MEEMEENS SRR XhE
I 5 DL 1) SRR, g R T
NEEEVRIIE L, vl R Bt K. B
Wi AR A B R R A RO L. AT AR AR (S 5
I % AT DA A B E kE, AMPKU™, PI3K-AKT-
mTOR™!, MAPK/ERK!", BCL2!"3f# it 50 5e 4 15
HWULKIEZ A% PBKE &Y, ATGHE H FK %A

LC3-IM Kk k1 15 3 N (E2). 24 M1k, B
TEREIE R TR A A SRR AE . — 5 T, E Wk
T 3T o e 25 R 2H R P RN AT B A A P R A SR A 1 e
JERAE. I —T7H, B2 5 S WA A
B R AR, H ORI 40 M G 52 &Rl AR AE R, itk
b, FERAR 2 HUETE 2 B circRNAYE [ W R 5 ke %
SUEAE A . Ntk [ B circRNALAT 8 5 B W DL &
circRNA™ 3 (1) [ W T m] 52 Wie) g & 26 ik e 5 1))
T IR B B FE T cireRNA FIFEE VA TT 50

3 IFIRRNAN S BRETEE RS T MR
Faeh I 4E
3.1 B

T JLAE B 98 K B, cireRNAH ot i 47 {bmiRNA
SRIFFTEEEEN, T2 5 B i (gastric cancer, GC)K
J&. i, circUBE2Q2 W] LA it i 4% miR-370-3p Al
PG (R 5 5 5 S Sl 85 11 3(signal transducer and
activator of transcription 3, STAT3)i& 1% 1 #il] H W& e
A B A ALE R 1Y, hsa cire 00064708 ik
B 1A miR-27b-3p k- e 5 i I JULIRE - 3 -5l 4 10 3 o
i a(phosphatidylinositol-3-kinase catalytic subunit a,
PI3KCA) R 1] [ 5 S A2 HEGCHH iy 48 7 AL A0
circRELL 1@ i cireRELL1/miR-63 7/ & 1 BAZ 4
3(recombinant ephrin type B receptor 3, EPHB3)#ili##
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G BRI HIGCRIHE Y. LRy R B R
FEIMTT TS 2 —, W7 2 2 T BUEE FiUE A
R EZER . AWM, circCUL2{E JymiR-142-
3pitg 4 >k i TTRhoAH 5¢ 4 i B2 i & I 2(Rho as-
sociated coiled coil forming protein kinase 2, ROCK?2),
T A W, B o TR 2 R B Y.
W2 R B, circCPMI i #E [fimiR-21-3p it i AMPH)L
15 5 F B a2 (AMP-activated protein kinase catalytic
subunit alpha-2, PRKAA2)E PR 128 >R 39 5 H W 7K ~F,
M 1 58 4K I GC 5-98 K 1% WE (5-fluorouracil, 5-FU)
WA 2510 . XS IR B, circRNA T {E A& J< 8 1Y
H BRI R A GCIRIE IR T ¥E A, I B ok
W B R bR EMZ —.
3.2 HEEBE

W 503 B, — 48 [ Wk AH OC 5L RILC3-II. Beclinl |
ATGI0FNATGSTE 45 B % % (colorectal cancer, CRC) ]
I R I8 HCRCEH HRIE TG A RA K=,
1 1, CircHADHA I jdmiR-36 19 5 45 Ji3 I 5z 41 fa Al
TEARAR A ATG 13K (23t F W, F1fi] CRCHJHEFE P4,
circRNA 103948 i #8 [7] miR-1236-3p/ /i 83 & i3
1 4% 2 [ 1(tumor protein translationally-controlled 1,
TPT1)Fli ] 5 Wik i (2 BECRCAR MG Il . 1222 1
™), circUBAP2/ECRCAZURIZN il & Ap 19/, i@
it circUBAP2/miR-582-5p/FOXO0 1 417 S A& AP Al {4
N EWE, (EiFCRCHTE . (228 TR, [, Tl

W %2 5 [ 38 5 A 5 I cireRNAFFR IR N 1 i e %
ML BT il R _ECRCIATT SRS 2458 JEhd
3.3 PFempaE

circRNA/ [ Wi fli 72 41 L5 (hepatocellular car-
cinoma, HCC)# f& 1175 K1 circCBFBHIfi|miR-
424-5pFf U H W AH ¢ B HATG 145838, Mg 12t
HCCHH f 558 A0 5 R, cireMDK ] /E A —FE /£
(1) I8 R Wb G4, T8I 4R miR-346 FlmiR-874-3p
FIHATG16L1, FEPI3K/AKT/mTORAE 51 % (1384
i, DEREHCCY g . TR AR 282, ZHANG
VI, circ-SPECC LIl i W Bt miR-33ak i 75 4
PR3 B4 A K Rl B2(transforming growth
factor B2, TGFP2)HM H Wk, fE FHCCAH UG E . ik
i# circ-1012803 it ¥#F 43miR-37512 HEHCCAH g h 11
I HECT . 7R S — WU 7, miR-3757ESRAA Sk AT
T ANHHCCH AR (1) MR, 1X K BH, circ-101280(%)
PR VB FH AT e dE i 2k WOk S, I R B —
T SRR 55 o X LA ST B IR #E ] circRNA
FITHCCIRIT, B, P22 — Ml duh g
254, FLAMHI Circ-0011385 /1% IE MM L iimiR-149-
Sp. SRJ5, B BEAN AR L K (wilms tumorl, WT1) N iff,
V5 40 BRI T A R OR REEHCCHEfE .
3.4 FRBERE

R T ) B JE IR e (pancreatic cancer, PC)iE &
P, HESS B2 1 circ ATG 73 3 # 7] miR-766-5pilt
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17 R AR K ATG 73235 LA 3k PCHY 7E A #4672
JiT LA, B IRl circATG7 1] fig /2 PC A& 2 198 7E V6 T 3K
& . 734k, circRHOBTB3TE i ik & i) (pancreatic
ductal adenocarcinoma, PDAC)4H il & f1 4141 =
ik, fEHLH] L, cireRHOBTB3 HL#% 5 miR-6004% &,
Bt J5 e 78 2 miRNAE 47 DL4E 7 miR-6005L 7] #% 5%
FAR 4% A0 5< 85 A 1(nucleus accumbens associated 1,
NACCHERIE KT, T2 #EPDACHH L ) H 1
J87, 3 11 8 i Akt/mTOR 12 {2 #EPDACH 55
B, YT E R cireRNATEPCYR I 4 B A 2 5
o

4 INRRNAN S BEWEERMEE RS
T4 B YA F
4.1 EI5IBRFEEFIBE AL AR

S5 ) — T 7T R W, R BR ATG7 W] 401 1] 1 471
iR 9 (prostate cancer, PCA)HE &, iX 3% BH T g 2% 1/ 1
H W A Be -5 T 51 B i e A Ol BRI B
[X-¥- 1(early growth response factor 1, EGRI)7EH{ %)
Jige Fh A Dy R DR i I 2 Sg S ) IR G RE DRI (B
5 LC3B) 3R KR 1 | W B, LUSE B LR sk,
circCSPP it I miR-5200/EGR 1 12 12 i 51) i g 4
MEEWE. BT RBAFAL . circ_ 00045853 1L 5
M miR- 1248/ J&9i % & [ il 71 4(trans-membrane 9
superfamily protein member 4, TM9SF4)#ili £ PCA{Z
SRR R T A E S0 AR, TMOSF4iE id mTOR
R AU B W, (2 EPCALH R BTIERT . B FLAIE B
hsa_circ_00078137E 55 /bt J mh ik b i, nf DLid i
#fmiR-361-3p i 15 [ & 2 FEAE KK 7252 {4 (insulin-
like growth factor 2 receptor, IGF2R)3 1A, IGF2R
Wk 25 8w A AR, DR, R (Khsa
circ_0007813 R LA il J5% Jo Je 1 5078 415 1k DA 2 i yg
2 5 REY
42 EHE

1 B 219 (cervical cancer, CC)H, E265% 5% [K 1
1(BE-twenty six transcription factor 1, ELK1){E A&
RAEAEH, TANGE P58 fihsa_circ_00005155¢
A miR-326/1) ceRNA I ELK 1, ‘53 CCH L)
B AR 28 e )3 5%, {Hhsa circ 00005154 1 4f
JHO P 9 T2 R B IR, 1B ST N BE [Alhsa_cire_0000515
1BI7 CCREME TuFEHE . [FAE, circ 000028518 i ! ]
miR197-3pi FYELK1, #IHICCHH ML B Wk, {2 1 H

HHE, hsa circ_ 002340438 i 411 1] E W75 S 141
T T SR AR BECCAH L V) e B AL 2 24 1, FLAL )
A Nhsa_circ 0023404 5miR-50474 H./E H, miR-
504738 1 Y 75 5 53 DR -k i Y O N R AR KR
¥ A(vascular endothelial growth factor A, VEGFA).
Beclinl }2p623£i&H,
43 DRESRE

G 8 | 7 5 (epithelial ovarian carcinoma, EOC)
R WA REEEME 2 —, JET- 5w . B
], cireMUC16/1 5 ) B W38 0 1 200 Jfa 164 4 A1 0T #2
FIE E, HE I 48 miR-199a-5p i 75 Beclin1 B Runt
AH %% 5% AT 1(Runt-associated transcription factor
1, RUNX 1)L, 54 1 5T & BlcircRAB11FIP1i#
I 48 miR-1291 17 ATG7H1 ATG 1442 1t EOC4H iy
H W, 140 T SKOV3FIA27804H fifd (1) 1 5 FliE 7 i
JE W1, circEEF2i i 5 miR-688 1-3p AIE L8 14 A7
(annexin A7, ANXA7)FH HAEH{E#FEOCH H R 1
WEAZ 28, MHLH] 3, circEEF2i 48 miR-6881-3p,
L ARIE N ATGS M ATG 7563k, M4, circEEF2 1]
H¥%E5 ANXA245 & W mTOR M BE R 1L Y. Cir-
cRNF144Bif i i 47 miR-342-3p# i T F-box Al & &
o2 FR 1) 5 2 25 1 11(F-box and leucine -rich repeat
protein 11, FBXL11)7KF, 1 Ft & FIFBXLI{E 2 T
Beclin-11#)7Z 2 AL AT 1 5T B A, AT 4] 1 B Wi
&, EHE T OP R RS, RO S 2, circRNA
FEEOCI SR 22 5 H Wik 1) R AR B VI AH G

5 INARNANT S B E MM g &
BI1EF
5.1 BfifE

JE/N4H i fifi %2 (non small cell lung cancer,
NSCLC)& 4= BRFE T 26 i e I g iE)e cire-FOXM
i A5 miR-149-5p/ATG S5 5lN#E NSCLC I & g
FHAR HENSCLCAN i [ MW7, circHIPK 34 Ay &
EFENSCLCHEGSH . R ZBFIER , Fid i g 47 miR-
124-3p i 77 H W15 T 40 5 (AS49 A1 H838) 1 i
STAT3/PRKAA AL H R . Circ_00201233#
IR B miR-193a-3p b 14 25 1 15 K+ 4(interferon
regulatory factor 4, IRF4) IR, 7EAARSMAITHINSCLC
2 60 9 TR [ W R B PR 4 B B B T AR P
fift ™, circRNA_100565 & NSCLC H38 A A7 ()44 57
s N &, imiR-337-3p/ L B4 Z-& B E A
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28(disintegrin and metallopro teinase 28, ADAM?28)#i
VAT ARG AR L PR TN, B SRNSCLCAH X it
FHIIN 251, SN mINSCLCALYT IT 2L B ALYR 97 3R
AR 1R,
5.2 FLARSE

AR circRNART F W #8571 (breast cancer,
BOH AW 54T N A K, {HeircRNAJE 5 @ it [ Wi
WABCHE AN AERZE . HcirecCDYLIE I H B
I8 == (13 R #EBCHY B &, HLHI E, circCDYLiE it
miR-1275/ATG7/ULK 1 [ 1 4l 15 7L i 240 £ 18
JA P, circSEPT9IH I circSEPT9/miR-637/ [ L5
1| 51 F- (leukemia inhibitory factor, LIF){5 5 i i
] B W AR 2 = B 14 FLBE (triple negative breast
cancer, TNBC)M44H . 1228 F1iL# 2. Circ-ABCB10
181 let-7a-5p/AURF 5 P 1% 2 i (dual specificity phos-
phatase 7, DUSP7)4H /1 FBCAI M 1A P . T4
2. RZEME R, DL EBRIR, cieRNAA Y ]
DAVE 938 75 B T Js b 540, i w] DA I BCHIA T I
5.3 MMk

eI PR AP S A I I T AR ARIE T cireRNA
MEWEZ B R (ESPERE R H 5 (acute myeloid
leukemia, AML)H, circPAN31R 1] 8 /& £ 3% bk &L i 24
[ S 15 57, 338 i AMPK/mTORGE 42 1 15 H W,
1E N B W15 SRR HEAMLAN B I 25 1Y . 7218
K 21 B 11 1197 (chronic myeloid leukemia, CML)H,
Ui ERcire 00099105 B ULKI i, ULKIf&—Fh{E A
5% JE (imatinib, IM)HTPEKS624H1 i H ik A 1 B
JaBh T, #—25AE Scire 00099107 DL i i 4FmiR-
34a-5piid ULK 1 3 (1 F W, AT e #ECMLZR i fr)
IMARAEEY s B AR IR W ) cireRNA T 72475
AT A2 AP B B, AR K DA R R I B A bR )2
AR TT 1 R LA .

6 IFARNAKIEINEE

circRNAF T4 LL_E miRNAWGZRTHRESN , i6H
i AR IRE. b, circATG4B-222aaE circ AT-
GABZmfid ) —Flo B4 8 (i, circATG4B-222aafE
R L 5 emp24 ¥ 12 % 25 (1 10(transmembrane
emp24-like trafficking protein 10, TMED10)5 5+ P4
HAEH 1L TMED105 ATG4B4E &, Mt S8 H
W 386 0, 4R J5 3 ELCRCX BVb R EA T 2. DA, 4

WA circ ATG4B N CRCH X 271 24 (1) 78 7E V0 97 4 A
P TR IESY, cireMUC1 672 # /EEOCHI A TT
BRSNS Wb £, o] B 5ATGI3 S H4E 6, |

1M 2 12E 40 i B WM 55 4k, cireRNAT] AL 85 ()
FHEAEH, Bl4n, ZHUZESHE 7 45 B8 B, cireTICRR
FE B 3000 H 78 2 AR R, H) B AR B e T, (i dk
CCH 458, circTICRRAI A HTJR (human antigen R,
HuR) & [ 2 [8] [ AH ELAE F A7 55 0] BEAE R B S 1697
[T LE#EAR . circ-DNMT1H] PL&E & 7187 BCYH i
w350 B A pS3FIAUBH L & 4L L RNAL & 1H 7
1(AU-rich element RNA-binding factor 1, AUF1)[f]3
ik, AR R AR 0 R S A, 5 S A0 A 1 DA gk
BCH M (14 5%, [AI S, cireRNA ) 3 3K 34 52 3% 5%
K74, Blhn, fEEOCH, RUNX1 A PA i ke fie
HeireMUC 6155 5%, i#t— 215 FEOCHH fitd 5 .

7 REERE

ARG T cirecRNAE I 2 FhE 5 8 4% DL AN
[F P AEYD 2 I RE(miIRNAE 4. S HFENTF. 5
W B A BAEH DL A g i D25 3
YT, cireRNAA S 1 5 W LR g ik f (1) 2 AN 5 Tk
P& 2R EE MR, SR H A2 RN bR E A
ANHER I, R 2 BRI I cire RN AT i3 iy 4 e
W, T ek TR 410 ) 2 cire RN A 3 01 (5 e, {E B 3
T AR R R R AL S 2 . PTRL, B
W XoF 9 A A3 Jee (%) 5 el m e B ok T b g S Y
A B PR 8 A% 1 SORIRR a8 SR Y I 4B BB . DR, T
fifEcire RN A LN AT 3 775 Wi i F2 DA Ko 5 W 0 {352
I8 R A AL 0 T I J 25 T cire RN A TR IE Y6 T 3R
W
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