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Research progress of circular RNA in cancer metabolism
Yu Chengpeng,Song Jia,Huang Wenjie
(Hepatic Surgery Center , Tongji Hospital , Huazhong University of Science and Technology)
[ Abstract] Cancer metabolic reprogramming caused by genomic instability is considered to be a unique marker of tumor , providing a
necessary energy source for the rapid growth and proliferation of cancer cells. Circular RNAs are a class of noncoding RNAs with a
closed circular structure. They can function by interacting with other RNAs or proteins to affect the protein level. Recently, increasing
studies have shown that circular RNAs are involved in the regulation of cancer metabolic reprogramming. However, there are few
reviews on the role of circular RNAs in cancer metabolism. Therefore, in this paper, we will systematically elaborate the relationship

between circular RNA and cancer metabolism, providing a better theoretical basis for the diagnosis and treatment of clinical cancer.

[ Key words ]circular RNA ; cancer metabolism glycometabolism ; lipid metabolism ; amino acid metabolism

F 2 PR ZH AN 3 e %) g A0 o S R Ay S I
R — AR bR A AR EE LA R R A A S e I AT
g Ji A PR A OB AR R T B RE ROR IR, HIE
WAV LE , B b OB e A A s BE R A Qs X A A
FLRBAEARR 22 DA e A 358 722 A 40 355 ) 7 e
PR B R R AU 5 RIS (] 2 Fh Bl s R TR 45
AR 7 0 90K 5l PR 0 42 4 50 5 i B 0 g A
VE T TTWH I A/ = FR TR AT B v 18] 7= W 247 26 0 - BRI 7
Jhig JiR R A R W TR A ™ F 5 PR A S A ML AR
X TF R A SRR TR T SR s A 2

BB RN AE 9 6542 42 R (ribonucleic acid , RNA ) #: [A]
Z: 5 g A g A 0 IR, AR GBS RNA RS — T i %
F18 VRT3 53 - B UE 52 AT A9 42 J e AR 1 A PRk RNA

YEZ B A2 M, Email : yuep0325@163.com,
B 77 ey : B AU
BIE1EE : ¥ L&, Email : huangwenjie@tjh.tjmu.edu.cn
HE&TH: BR A AFF ALK A (%5 :82173313.82103608).
15 H BT : https://kns.cnki.net/kems/detail/50.1046.R.20230427.1722.026.html
(2023-04-28)

¥ % A0 HAE 8 1 1 (circular RNA nuclear receptor inter-
acting protein 1, cireNRIP1) AT LU i 5 9 200 i 48] 46 S BEURN
FLIR A S, AR RNA (circular RNA, circRNA ) /& —28 HAF
G FRRZH AR SR i RNA , 1A 30 ) 258 A R Fl 5 i i)
WRPIRSE AT, XM A 4544 il A5 BRER RN A T LR G A% 11
ST RS , S R LR AR mRNA AR 21, [F] i R
IS Z I T R RNA (IR DIRE . BT LEA 5
HoA RNA s8R A AH EAE DRI 8 H KCF , — L2830k RNA
E BT LR K, T X SRR T VT 2 AR
P TEFRIR RNA VR — T B S AR b il e 5 v 1
TBTEAE ] MR Z (BT R ITERR RNA 25 i £ Qi
AR I, ZAR D 5T IR RNA L6 b A3 Hh VR T i 25
i o ASSORE ERAR RNA TE iR b £Cif g A i i d SE e AR
B BVE T 347 TR A B FRR RNA 5 R (S OC &R
i PRAEAE A2 B ARG ST B4 A A B AR A

1 IR RNA B4y

R RNA J&—Fh B a8 PR RNA, 32 %2 7R mRNA 38
WM F IR BT EIE . 1976 4F Sanger SE YR L A



BERERKFZR 2023 £55 48 E5 4 #3 (Journal of Chongging Medical University 2023.Vol.48 No.4 )

— 473 —

BELEAN 5 15 EL A 2 UIRAR RNAY, BEJS JL4F R RNA
— BLBA N S DNA B 5% 5 U4 i ) &l 7 W i ok 5 R B 5
NGz EEY, B T AR AR P A AR 15 B i
Ji& , FOIR RNA 8B 58 38 1A IR . BF5E 3 K L3RR RNA
TEAY R Z R K0F R AE Z AR Y. Ak, 3R RNA
F IR AN AN ZURE S L X R G PR RNA (9 3R 5K 32 5
FE AN BT BRI AR RNA 8 13 Z2 Rl & D 6E .
45, FRAR RNA AT LLAE 5 3#/N RNA (microRNA , miRNA ) ¥
2 (A M 3 5 4 miRNA S5 45 (07150 15 miRNA B35 5 52
i R AR 0 23k, AN PR RNA /NI AR P AH G 1 B L
RNA (circular RNA cerebellar degeneration related 1 antisense
RNA, circCDR 1as) fEf% W B 3% /)N RNA=7 (microRNA-=7 , miR—
7) ¥ 4 [R5 AE B13 (homeobox B13, HOXB13) [y & 5%, H
W, —SEBRAR RNA 1] L5 56 538 PR A0 B A P 9 3 e s )
FEP . Biln, IR RNA 6 8 1 A 45 H 38052 (cireular RNA
ankyrin repeat domain 52, circANKRD52) e 5 B4 1T (poly-
merase 11 ,Pol 11)3EMHIE GHEEG , REEM Pol 11 1E 5 5%
A mFR S A Al A 1 5 45 #4352 (ankyrin repeat domain
52, ANKRD52) %3¢, T, FOIR RNA T LSS & #LER 11 520
Hog s B R . 6 W Bk RNA X3k & 03 (circular RNA
forkhead box 03, circFoxo3) AT LAE i B 41 it 2 15 1055 41 it 4>
AEHI 2K 2 (monocyte to macrophage differentiation—associated 2,
MDM2 ) F1 98 75 (4 53 (tumor protein 53, p53) 454,155 p53
Z R AR

2 MK RNA FERPEHE RS FEL P RIER

20 th20 SO ARAR, 1l FERL A7 S BUFE - FUAVTAR 2 S e 440 i
BV 26 A7 PR BRI SR 38 o R I A i A 2 e T R k= A
fedd , XA IS WE AFR N Warburg 8001 BEJS B8 5T &
IR 922 4T AV 1] B 1 i 3¢ L e 5 ) e e 4 it 2 A
AR S, i e 40 B0 A A e ofe AR B g et mT A sl /b ofe
H BRI E AR HOE T o 55 BRI A A i LR R AL R
DA g S i ki, AE G R R (RS R 1 B S
T T AR 5T ) 3L R i N TR A A e A e AR
AE M E R
2.1 ERAK RNA @i 45 4635 5 & #9832 A 5 48 4K

R85 1 (glucose transporter, GLUT ) & — i 17
AN A AT AR R R (1, IR R AR AN A A
B3 TR 1A 30 2 R R DA T AT I R A A B AT e
S AR s, 7E T M 144 GLUT WA, GLUT1 .
GLUT3 Fl GLUT4 & % b 2t it rp 22 36 1A $2R A 1m
T TR v 1 A A S DU AR B 2 Y e AR,
M FR RNA BIESE 2 53 B s R A Rk i, 1
T JRs R 40 i 96 H, 2RIk RNA-100290 (circular RNA-
100290, circ100290) i iz W% Fft 7+ /]y RNA-378a (microRNA—
378a, mir-378a) L1 GLUT1 4 22354 JE 0% e fgf 105 hi 41 1F 01
el RN R T R N o VAN L R S RN

RNA JLERFE H #2455 % B (circular RNA myosin light chain ki-
nase , circMY LK) W B 3% /N RNA-195-5p (microRNA-195-5p,
miR-195-5p) |1 GLUT3 i 35 41 43 12 A 128 107 41 2251 /N
290 L i 5 24 P e AR 2R
2.2 FRIR RNA B8 42 48 B A A 5 ik B2t o i 32 48 K30

T A 2 4 0 4 W A 10 T TR 2 1) — R 90 AR S 1)
E AR H A 3 A R, 43 O BEUEE (hexokinase,
HK) | T 12 S W 38 48 A1 TN I B2 5 (pyruvate kinase , PKOM,
HK 2 AR A 10 55— 200 IR R e , 2 7 2 W e 40 16—l 1R
2 WE A ACS . O R ORE > 2 DAY, 23 0 Dy HK A
HK2, 78 11 Jf SR 40 M 98, PRk RNA 3R 240 8 742 4k 1
(circular RNA plasmacytoma variant 1, cirePVT1 ) i 32 W% B 73
/N RNA-378a (microRNA-378a, mir-378a) I ¥ HK2 1) 5 ik
AR T T A A TR I 8 R 4 s 240 1 G A Y
FLIR S, PRIE RNA JE 44 #8 25 H 20 (circular RNA ring finger
protein 20, circRNF20) i 1 f# /) RNA-478a (microRNA-
478a, miR-487a) /i A 15 F N T la (hypoxia inducible factor
1 subunit alpha, HIF-1o) %l I 98 HK2 {32 3542 2 19 i i
T 1 L9882 AR, T PO MR e a5 — 20 B ™, 2
Vo ol T TR T 2 A AL T S R TR R (04 AR . PO 44
PKM . PKK PKL Fl PKR™, PKM2 J& 7 fifr 5 20 Jfd v fec 5 UL 1Y)
PR A, A 98 rh , R RNA 26 S0 R2 A1 4% B Wl 2B (circu-
lar RNA methionine adenosyltransferase 2B, circMAT2B ) i 1+
W B 4471y RNA-338-3p (microRNA-338-3p, miR-338-3p) |-
T PKM2 fi AR A 1 T AAE 308 T 9 1 0 A2 28,
2.3 FRR RNA 8 i 248 B A AR 5K A3 5 3 362k o R 42 1 7
HEAR A

VFZAR 5l S SRR A PR i, B4 S
F (hypoxia inducible factor, HIF){Z 58 . V-Mye & REgn
Bl 98 5 B 98 2L (] [A] UM (V—Myec avian myelocytomatosis viral
oncogene homolog, c-myc) {5 53 % . JC 3 4 ) (wingless inte-
grated, Wnt)/B -1 7 85 H (B —catenin) {5 5 38 % F1 5 g Wk A1
Pt -3 0 W - 22 24 TR/9) 44 TR U B8 (phosphatidylinositol 3
kinase—Akt serine/threonine kinase 1, PI3K-Akt) {5 5 1@ #&
SERT ) HIF S — 7 i A A A% S R T A 2 A A
HIF-1 Fl HIF-2%, HIF-14 24~ 3 . HIF-1a A1 HIF-18,
HIF-1o fF7E T LT Ir A B AR b, Rk 52 S80S % . 18
BT T HIF B0 A A A e s 57T i ik TR g
3K, AR SR A 2 B s B 1 RO T S R S Y 2 K
e, PR RNA R 52 AR B4 8 H 1 (circular RNA
nuclear receptor interacting protein 1, cireNRIP1) # i i fig 4%
38 32 W BFF 434 /)y RNA-138-5p (microRNA-138-5p, miR—-138-
Sp) TR HIF-1a A 5 BOBE USSR Ak —Fh 22 2R/
SRR S T R, TR PIBK A SERIAGE . 1AL A Akt
BRER LSS 1T A ARE & A #1-2(TSC complex subunit 2, TSC—
2) JFA AR 3k kAo HCIO ik 9 & 4R 19 Ras [R) R4 (Ras
homolog, mTORC1 binding, RHEB) . M1l = 82 17 1 (gua-
nosine triphosphate , GTP) 7] DA% & 340G it 7L sh ) B i s %



— 474 —

BERERKFZR 2023 £55 48 E5 4 #3 (Journal of Chongging Medical University 2023.Vol.48 No.4 )

M 1 1 (mammalian target of rapamycin C1,mTORC1), BEm
TS A% BHIE R AR PR T 4 (eukaryotic translation initiation fac-
tor 4, elF4) 5 G0 IR L R R Rk o i, 02 2 4 4
Wz £ 1 FVRETRE A RH DG Y 223k . RN D, 2R RNA ]
VR 258 AR AR FH A 15 3 (circular RNA homeodomain in-
teracting protein kinase 3, circHIPK3 ) 8% $% i 6E % W& Bt />
RNA-381-3p (microRNA-381-3p, miR-381-3p) ¥ ¥ Akv/
i TOR {2 F-08 4306 (20 A B, B8 2,

3 MK RNA ZERIE RS Ui =EL P IR

T A B2 G B e 20 5 — MRk, R
SIRESEE LN i TR 5 S T A A el B g e 24
YLD I o 2 5 R 1 D PRS2 e 2 5 S R R IR U R 5 1 4
N AN GE B BEATHETE . 15 AR S A2 e £ 1 B R R
A B (R B HEA TR Bl 53R AR AE AN [ AR
JE B SMIRAE R S R , A e PR G 300 g £ 0
P 5N A SO S e SR R, PR RNA R 2R
1% 2 (circular RNA protein tyrosine kinase 2, circPKT2) #% it
T A 1% W B £ /N RNA-182-5p (microRNA-182-5p, miR-
182-5p) i 1fij I 8 £ Bl £ £ £ 11 1 (juxtaposed with another
zinc finger protein 1, JAZF1) ik T 2R B4 A S 52
B I D ) I U7 3 B3RS0 A, e A ERIR RNA B
REZ 5 B S IR . B S b, SR
RNA_0046367 (circular RNA _0046367 , circ_0046367) i) %
A Hh = IEAY S KPR SE AR RS i T, BRAR
RNA_0057558 (circular RNA _0057558, circ_0057558) [ %
BLY/ N SRS & i I U = O O o 1 S Y B e S N
F g, FRAR RNA $ B85 s 8B 41111 79] (circular RNA re-
sistant to inhibitors of cholinesterase 8B, circRIC8B) FJ DA 12
W% B £ 7y RNA-199b-5p (microRNA-199b—5p, miR—-199b—
Sp) LRI 2 NS 7 T 4 2k o R 47 s I Ak 0 2 40 i
FE B AR M IR 20 A P, PRk RNA_0033988 (circular
RNA _0033988, circ_0033988) {1 Ik % ik 55 I i & [ f A1
R, FEPRZE I IR b, PR RNA #2748 1 1-419(cir-
cular RNA neurofibromin 1- 419, cireNF1-419) §E0% | JH N5
Tk 22 23 R 5 il 1 (phosphatidylserine synthase 1, PTDSS1 ) 1T
VA T I AR AR e A g T G e 3 B FROIR
RNA Z: 5 Jig R AQHF , SR 1M 1 2 2 WF R — L R
AR RNA 7 i i £ Gt A9 7 1

4 INKRNA ZERPE S B BAHFIAL FIER

20 22 50 AR, WFFE N 5 5 SR 40 1L 1 2 A
MR Z B 2R AR &M T LU AL fE o 45 2R
WAEBEM NG . S, A E R AT LR A R T I E
PR 1S Tl e 200 A T A A B M DR ) I A e
L2 5 ZRBIGH LA o % 1R . AR E R

LA AR A e Tk (— b o2 A A i T AR ) L Y B
i 96 240 i ol e SR A B R TR T DR, A R A iR
Jre i B OCE AYAE I, PR AR RNA B E 2 5 i
Jed A M A 2 R AR R L IRE . ERR MR T, PROIR RNA R4
A Ok 354 £ Mg 45 #4938, 2 (circular RNA membrane bound O-
acyltransferase domain containing 2, circMBOAT?2 ) RE 1% 18 i Wl
R 3/ RNA-433-3p (microRNA-433-3p, miR-433-3p) k4
A e Bl 2 R A TR AR 2 TR 2 IR i o R 7 fIE
B, PR RNA 2h & H 3 & X RNA (circular RNA dyna-
min 3 opposite strand/antisense RNA , circDNM30S) fE 1% 1K [ff
i /N RNA-145 (microRNA-145-5p, miR-145-5p) I
MORC ZK % CW B £E 45 2 (MORC family CW-type zinc finger
2, MORC2) f) 2 1A 1 T fie 20 4 % 12 104 A L6 o 40 i
B AEAR /NG MR, FRAR RNA 3—% S R A B A 5575
fif 1 (circular RNA 3-oxoacid CoA-transferase 1, circOXCT1)
fie 9% W% B 420 /N RNA-516-5p (microRNA-516b—5p, miR-
516b—5p) Ml L 87 8 AR FK % 1 1 51 5 (solute carrier family
1 member 5, SLC1AS) 14 3 3K 1 1 2 E 45 2 1 A A fif i
R,

BeAb, 22 S = A 3K LA g it Jee v iR % T
PRI, 22 G AR —Fh AR 5 Z R , DR vl LA 9 vh
BRI, o n] LKA rh AR 22 T AR A
AR, H AR SO — AR BERR B0 . 8 1 IR AR
FRIHCAW A A1) 5 G S — B A, i e — R TR AL 15
Py OnE ) 2 2 A I 2% iR 2 L ) o B8 i B 3 ox
— B L T SR I SR, T AR RNA B 4IE 2 5 M 22
R AR, eSS B s b, FRIR RNA DLBREE 1 8 455 9 (cir-
cular RNA myosin heavy chain 9, circeMYH9 ) il 15 7 22 57 i 4%
#% B #% 25 H A2/B1 (heterogeneous nuclear ribonucleoprotein
A2/B1,HNRNPA2B1) & [ B p53 BY AT RNA 2 1fif 45 24
S8R/ SR A 1 b 6 40 3 FE A, BRI RNA
0062682 (circular RNA _0062682, circ_0062682 ) # i i i it
W2 B} 3% /1y RNA-940 (microRNA-940, miR-940) J 4% % H
TR UG 2R K ik 22 G R A R A A 1 45 o s A
HEE

5 BEMREE

it A o 2 PR ) — S RS A A T 2 i
AR A S AL Z A RE BRI . MRS IR QA 5
A A DA = RAE , S AR 2 SUR AR i A i 135 Sl o
i o AR SCMFRAR RNA 7E i B A £ Qs A 2 2 A
H T 3 IR A BA PR RNA 5 R A C &,
i PRAEEAE 132 WA S 7 4R B 4 O B AR . Thi7E H AT
KIRAR RNA FAb R AU K BLAOE 50 v AR 1 2 Rl
TEPE—IBARGE o B, TR RNA 76 g UL e AR 35 5+ 0 1
WF58 2R R T FOR RNA 245 g 45 2 MR il 22 B R/ A
PRACIHZR L. MIPOR RNA R 52 5 o ot SR AU 22



BERERKFZR 2023 £55 48 E5 4 #3 (Journal of Chongging Medical University 2023.Vol.48 No.4 )

— 475 —

LT BEE— DR, BN (IR A R Th AR L. (A
MR NI — Tl (LR , 2 5 2 A B 7 A i 22
IRE A AR (B RR T W R IR AR ik A
TEALTE BCR PR E R , T 51 i 2,3— XU 420 1 (indoleamine
2, 3—dioxygenase 1,1DO1) Fl {2 2 {2 2,3— XM A i (trypto-
phan 2,3-dioxygenase, TDO) 2hy R JK 24 B2 1% 445 11%) PR 3 i1
[l IDOT H1 TDO 7 e Hh i 2 ik 5 1S 9 4 2 R AL 35 L
5 | R fi g O S A0 o Bz B PR AR RNA B 2R H
566 (circular RNA zinc finger protein 566, circZNF566 ) # i i
At 1% W% B 3% /N RNA-47388-3p (microRNA-4738-3p, miR-
4738-3p) [V TDO [P35 08 3F 9 0E R, SR 7F 1 s A
FEH circZNF566 12 35 7K - A0 48 & R LA S K R Z IR 1) 7K S
AHOCHEIR A BARTT . [FIA FRIR RNA JE A5 2 5 A 2 R A
AL A — PRI . W, HATHRIR RNA 8 2 i e £
I T R 1 R 5 Ho A RNA A AR, T ERAR RNA
() if -t mT )5 2 A B R P E AR, TRk RNA J& 77
REAEIE 1 25 5 & 1 R IEE N 2 S I R R AU AL A F
BE—PARTE

BEAE , FRAR RNA 5 g A SR 12 1 AR 7 B9 4L
PR RFHE— P RTE . BB AE B bR, A R 4
T A G AP RN A AR B DR P RS TR J2 Uk b 3
it PROIR RINA B9 22 A ey 5 | RS A ek 2 A ke e Jeg A i . A
[ %) o 8 ST A B 1 AR RNA R 28 4k, B R st
T AR R 12 WA S 7 A, il an ek /N0 e s o, A
FEIE R AL A A S AT LA mTOR 104 500 1) 5 o7 P s it 24
PERU TR, LA RNA S ] 9367 Bl . filan, —
Fift 1A% 4 RN A 5 U440 ] 75) H3B~8800 75 16 101 1l i i 7 5
YRR R T RAFRYRCRS . — 265 RNA BADL) F40 il
FILFEA— I R AR E— 2 MR PR RNA 22 1k
5 | R AR I o g R T R A A A A RN S A BEAS AL, xR
LEAT Fiy BN PR RNA S SBARIR ST R JREAE LA K [a] i ) 1E
M Y S B e /N G

2 £ X M

[1] Martinez—Reyes I, Chandel NS. Cancer metabolism: looking for-
ward[]J]. Nat Rev Cancer,2021,21(10) :669-680.

[2] Pavlova NN, Zhu JJ, Thompson CB. The hallmarks of cancer me-
tabolism :still emerging|J]. Cell Metab,2022,34(3) :355-377.

[3] LiuH,Luo JY,Luan SY,et al. Long non—coding RNAs involved in
cancer metabolic reprogramming[J]. Cell Mol Life Sci, 2019, 76 (3) :
495-504.

[4] Liu XY, Feng SS, Zhang XD, et al. Non—coding RNAs, metabolic
stress and adaptive mechanisms in cancer[J]. Cancer Lett, 2020, 491 :
60-69.

[5] Zhang X, Wang S, Wang HX, et al. Circular RNA circNRIP1 acts
as a microRNA-149-5p sponge to promote gastric cancer progression
via the Akt1/mTOR pathway[J]. Mol Cancer,2019, 18(1):20.

[6] Chen L, Shan G. CircRNA in cancer: fundamental mechanism and

clinical potential[J]. Cancer Lett,2021,505:49-57.

[7] Liu CX, Chen LL. Circular RNAs: characterization, cellular roles,
and applications[J]. Cell,2022,185(12) :2016-2034.

[8] Jiang CH, Zeng XH, Shan RF, et al. The emerging picture of the
roles of CircRNA-CDR1as in cancer|J]. Front Cell Dev Biol, 2020, 8:
590478.

[9] Yang Y, Wang YJ, Wang F, et al. The roles of miRNA, IncRNA
and circRNA in the development of osteoporosis|J]. Biol Res, 2020,
53(1):40.

[10]  Vaupel P, Multhoff G. Revisiting the Warburg effect: historical
dogma versus current understanding]J]. J Physiol ,2021,599(6) : 1745~
1757.

[11] Pascale RM, Calvisi DF, Simile MM, et al. The Warburg effect 97
years after its discovery[J]. Cancers (Basel),2020,12(10):2819.

[12] Reckzeh ES, Waldmann H. Development of glucose transporter
(GLUT) inhibitors[J]. European J Org Chem, 2020, 2020 (16) : 2321-
2329.

[13] Tilekar K, Upadhyay N, lancu CV, et al. Power of two: combina-
tion of therapeutic approaches involving glucose transporter (GLUT) in-
hibitors to combat cancer[J]. Biochim Biophys Acta Rev Cancer, 2020,
1874(2):188457.

[14] Fan CM, Tang YY, Wang JP, et al. Role of long non-coding
RNAs in glucose metabolism in cancer[J]. Mol Cancer, 2017, 16
(1):130.

[15] Xiong SL,Li DR, Wang DL, et al. Circular RNA MYLK promotes
glycolysis and proliferation of non—small cell lung cancer cells by spong-
ing miR-195-5p and increasing glucose transporter member 3 expres-
sion[J]. Cancer Manag Res,2020,12:5469-5478.

[16] Chen X, Yu JJ, Tian H, et al. Circle RNA hsa_circRNA_100290
serves as a ceRNA for miR-378a to regulate oral squamous cell carci-
noma cells growth via Glucose transporter—1 (GLUT1) and glycolysis[J].
J Cell Physiol ,2019,234(11):19130-19140.

[17] Chandel NS. Glycolysis[J]. Cold Spring Harb Perspect Biol,2021,
13(5) :a040535.

[18] Rabbani N, Thornalley PJ. Hexokinase—2 glycolytic overload in
diabetes and ischemia - reperfusion injury[J]. Trends Endocrinol Metab,
2019,30(7):419-431.

[19] Xu SL, Herschman HR. A tumor agnostic therapeutic strategy for
hexokinase 1-null/hexokinase 2—positive cancers[J]. Cancer Res, 2019,
79(23):5907-5914.

[20] Zapater JL, Lednovich KR, Khan MW , et al. Hexokinase domain—
containing protein—1 in metabolic diseases and beyond[J]. Trends Endo-
crinol Metab,2022,33(1):72-84.

[21]  Zhu XY, Du J, Gu ZQ. Circ=PVT1/miR-106a-5p/HK2 axis regu-
lates cell growth, metastasis and glycolytic metabolism of oral squamous
cell carcinomalJ]. Mol Cell Biochem,2020,474(1/2) : 147-158.

[22] Cao LL, Wang M, Dong Y], et al. Circular RNA ¢ircRNF20 pro-
motes breast cancer tumorigenesis and Warburg effect through miR-
487a/HIF-1a/HK2[J]. Cell Death Dis,2020,11(2): 145.

[23] Zahra K, Dey T, Ashish, et al. Pyruvate kinase M2 and cancer:
the role of PKM2 in promoting tumorigenesis[J]. Front Oncol, 2020,



— 476 —

BERERKFZR 2023 £55 48 E5 4 #3 (Journal of Chongging Medical University 2023.Vol.48 No.4 )

10:159.

[24]  Alquraishi M, Puckett DL, Alani DS, et al. Pyruvate kinase M2:a
simple molecule with complex functions[J]. Free Radic Biol Med, 2019,
143:176-192.

[25] Li Q, Pan XX, Zhu DM, et al. Circular RNA MAT2B promotes
glycolysis and malignancy of hepatocellular carcinoma through the miR—
338-3p/PKM2 axis under hypoxic stress[J]. Hepatology, 2019, 70(4) :
1298-1316.

[26] Xie YB, Shi XF, Sheng K, et al. PI3K/Akt signaling transduction
pathway , erythropoiesis and glycolysis in hypoxia (review) [J]. Mol Med
Rep,2019,19(2):783-791.

[27] Ji XY, Sun W, Lv CZ, et al. Circular RNAs regulate glucose me-
tabolism in cancer cells[J]. Onco Targets Ther, 2021, 14:4005-4021.
[28] Masoud GN, Li W. HIF-1la pathway: role, regulation and inter-
vention for cancer therapy[J]. Acta Pharm Sin B,2015,5(5) :378-389.
[29] Xu GS,Li ML, Wu J, et al. Circular RNA circNRIP1 sponges mi-
croRNA-138-5p to maintain hypoxia—induced resistance to 5-fluoro-
uracil through HIF-1oa—dependent glucose metabolism in gastric carci-
nomalJ]. Cancer Manag Res,2020, 12:2789-2802.

[30] Gu F, Zhang JH, Yan L, et al. CircHIPK3/miR-381-3p axis
modulates proliferation, migration, and glycolysis of lung cancer cells by
regulating the Akt/mTOR signaling pathway[J]. Open Life Sci, 2020, 15
(1):683-695.

[31] Bian XL, Liu R, Meng Y, et al. Lipid metabolism and cancer[J]. J
Exp Med,2021,218(1) :e20201606.

[32] Guo XY, Chen JN,Sun F,et al. circRNA_0046367 prevents hepa-
toxicity of lipid peroxidation: an inhibitory role against hepatic steatosis
[J]. Oxid Med Cell Longev,2017,2017:3960197.

[33] Ding ZY,Sun DY, Han J, et al. Novel noncoding RNA CircPTK2
regulates lipolysis and adipogenesis in cachexialJ]. Mol Metab, 2021,
53:101310.

[34] Wu ZJ, Gu DL, Wang RX, et al. CircRIC8B regulates the lipid
metabolism of chronic lymphocytic leukemia through miR199b—5p/LPL
axis[J]. Exp Hematol Oncol, 2022, 11(1):51.

[35] Zhao R, Li FQ, Tian LL, et al. Comprehensive analysis of the
whole coding and non-coding RNA transcriptome expression profiles
and construction of the circRNA-IncRNA co-regulated ceRNA network
in laryngeal squamous cell carcinomalJ]. Funct Integr Genomics, 2019,
19(1):109-121.

[36] Li R, Tang XC, Xu CQ, et al. Circular RNA NF1-419 inhibits
proliferation and induces apoptosis by regulating lipid metabolism in as-
troglioma cells[J]. Recent Pat Anticancer Drug Discov, 2022, 17(2) :
162-177.

[37] Zhu LF,Zhu XY, Wu Y. Effects of glucose metabolism, lipid me-
tabolism, and glutamine metabolism on tumor microenvironment and
clinical implications[J]. Biomolecules,2022,12(4) : 580.

[38] Zhou XX, Liu K, Cui J, et al. Circ—MBOAT2 knockdown re-

presses tumor progression and glutamine catabolism by miR-433-3p/

GOT1 axis in pancreatic cancer[J]. J Exp Clin Cancer Res, 2021, 40
(1):124.
[39] Su YF,Yu T, Wang YQ, et al. Circular RNA circDNM30S func-
tions as a miR—145-5p sponge to accelerate cholangiocarcinoma growth
and glutamine metabolism by upregulating MORC2[J]. Onco Targets
Ther,2021,14:1117-1129.
[40] Luo H,Peng JM, Yuan YX. CircRNA OXCT1 promotes the malig-
nant progression and glutamine metabolism of non—small cell lung can-
cer by absorbing miR-516b=5p and upregulating SLC1AS5[J]. Cell
Cycle,2022:1-14.
[41] Amelio I, Cutruzzola F, Antonov A, et al. Serine and glycine me-
tabolism in cancer|J]. Trends Biochem Sci,2014,39(4):191-198.
[42] Li AM, Ye JB. Reprogramming of serine, glycine and one—carbon
metabolism in cancer[J]. Biochim Biophys Acta Mol Basis Dis, 2020,
1866(10):165841.
[43] Geeraerts SL, Heylen E, De Keersmaecker K, et al. The ins and
outs of serine and glycine metabolism in cancer[J]. Nat Metab, 2021, 3
(2):131-141.
[44] Liu X, Liu YZ, Liu Z, et al. CircMYH9 drives colorectal cancer
growth by regulating serine metabolism and redox homeostasis in a p53—
dependent manner[J]. Mol Cancer,2021,20(1):114.
[45] Sun SB,Li CQ, Cui KS, et al. Hsa_circ_0062682 promotes serine
metabolism and tumor growth in colorectal cancer by regulating the
miR-940/PHGDH axis[J]. Front Cell Dev Biol,2021,9:770006.
[46] Platten M, Nollen EAA, Rshrig UF, et al. Tryptophan metabolism
as a common therapeutic target in cancer, neurodegeneration and beyond
[J]. Nat Rev Drug Discov,2019,18(5) :379-401.
[47] Amobi A, Qian F, Lugade AA, et al. Tryptophan catabolism and
cancer immunotherapy targeting IDO mediated immune suppression[J].
Adv Exp Med Biol,2017,1036:129-144.
[48] LiSB,Weng JY,Song FB, et al. Circular RNA circZNF566 pro-
motes hepatocellular carcinoma progression by sponging miR-4738-3p
and regulating TDO2 expression[J]. Cell Death Dis,2020,11(6) :452.
[49] Zang JK, Lu D, Xu AD. The interaction of circRNAs and RNA
binding proteins: an important part of circRNA maintenance and func-
tion[J]. J Neurosci Res,2020,98(1):87-97.
[50] Mossmann D, Park S, Hall MN. mTOR signalling and cellular me-
tabolism are mutual determinants in cancer|[J]. Nat Rev Cancer,2018,18
(12):744-757.
[51] Momcilovic M, Bailey ST, Lee JT, et al. The GSK3 signaling axis
regulates adaptive glutamine metabolism in lung squamous cell carci-
noma[J]. Cancer Cell,2018,33(5) :905-921. e5.
[52] Seiler M, Yoshimi A, Darman R, et al. H3B-8800, an orally
available small-molecule splicing modulator, induces lethality in
spliceosome—mutant cancers[J]. Nat Med,2018,24(4) :497-504.
[53] Goodall GJ, Wickramasinghe VO. RNA in cancer[J]. Nat Rev
Cancer,2021,21(1):22-36.

(FTAE 2 5 - B A



