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The Biological Role of Circular RNA in Doxorubicin-Induced Cardiotoxicity
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Abstract circRNAs (circular RNAs) are a class of non-coding RNA molecules characterized by their co-
valent circular structure, arising from linear precursor mRNAs via a back-splicing mechanism. These endogenous
transcripts have been implicated in the regulation of various pathophysiological processes in cardiomyocytes, such
as proliferation, migration, differentiation, senescence, and apoptosis, playing significant roles in cardiovascular dis-
eases including atrial fibrillation, atherosclerosis, myocardial infarction, heart failure, hypertrophic cardiomyopathy,
and dilated cardiomyopathy. Doxorubicin, a chemotherapy agent widely used in cancer treatment, is notably limited
in clinical application due to its cardiotoxicity. Numerous studies suggest a profound association between circRNAs
and doxorubicin-induced cardiotoxicity. They participate not only through molecular mechanisms like acting as

competitive endogenous RNAs and interacting with proteins but also by engaging in cellular biological processes
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including oxidative stress, apoptosis, pyroptosis, autophagy, and ferroptosis. This paper provides a detailed account

of the formation and biological functions of circRNAs, summarizing their biological roles in doxorubicin-induced

cardiotoxicity, thereby offering a novel research foundation and theoretical support for the treatment of doxorubicin-

induced cardiotoxicity.
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Table 1 Biological roles of circRNA in doxorubicin cardiotoxicity
Thie FIRRNA MLt ZHRSCHR
Function Circular RNA Mechanisms References
As competing endogenous CircITCH As a sponge for miR-330-5p to upregulate SIRT6, [39]
RNAs BIRCS and SERCA2a

CircArhgap12 As a sponge for miR-135a-5p to upregulate ADCY1 [40]

CircSKA3 (circular RNA spindle and ~ As a sponge for miR-107 to upregulate ADCY'1 [41]

kinetochore associated protein 3)

Circ_0001312 As a sponge for miR-409-3p to upregulate HMGB1 [42]

CircSKA3 (circular RNA spindle and  As a sponge for miR1303 to upregulate TLR4 [43]

kinetochore associated protein 3)

Interaction RNAbinding  CircTTNcircFHOD3circSTRN3 (cir- Doxorubicin regulates cardiotoxicity by downregulating  [8]
with proteins proteins cular RNA of titin formin homology 2 QKI and thereby negatively regulating the expression of
domain containing 3 and Striatin 3) circular RNA of TTN, FHOD3, and STRN3

CircPan3 Doxorubicin-induced miR-31-5p up-regulation in- [44]
hibits circPan3 formation by negatively regulating
QKI expression, leading to cardiotoxicity

Apoptosis- CircINSR (circular RNA insulin Interacted with SSBP1 to rescue mitochondrial impair- [46]

related receptor) ment

proteins CircAmotl1 Interacted with PDK1 and AKT]1 to facilitate AKT acti- [47]
vation and nucleartranslocation

Circ-FOXO03 Interacted with the ID-1 and E2F1, as well as FAK and [7]
HIF 1o, and retaining these proteins in the cytoplasm

Translation CircNlgn CircNlgn translation protein Nlgn173 binds to and acti- [49]
products vates histone H2AX to produce phosphorylated histone
of circular H2AX, resulting in upregulation of IL-1p, IL-6, IL-2Rp,
RNAs EGR1 and EGR3
RNA Circ-ZNF609 (circular RNA METTLI14 positively regulates circ-ZNF609 expression,  [50]
N6-adeno- zinc finger protein 609) and circ-ZNF609 negatively regulates FTO expression,
sine methy- thus exacerbating doxorubicin-induced cardiotoxicity
lation-related
proteins
Oxidative Stress CircRNF111 (1) As a sponge for miR-140-5p [54-55]
(2) miR-140-5p directly targeted Nrf2 and Sirt2, as a re-
sult of Inhibiting the expression levels of HO-1, NQO1
and Gst,

CircSamd4 CircSamd4 reduced oxidative stress generation by [28]
inducing the transportion of the Vcp protein, which
downregulated Vdacl expression and prevented the
mPTP from opening

Apoptosis Circ_0129657 (1) As a sponge for miR-194-5p [60-61]
(2) miR-194-5p can aggravate doxorubicin induced
cardiomyocyte apoptosis

CircRSF1 As a sponge for miR-135b-5p to upregulate HDAC1 [62]

Pyroptosis CircUSP9X (circular RNA ubiquitin Interacted with EIF4A3 to enhance the GSDMD stabil- [32]
specific peptidase 9 X-linked gene) ity

Circ_0090231 As a sponge for miR-635 to upregulate NLRP3 [66]

CircHMGA?2 (circular RNA high Promoted NLRP3 expression directly [67]

mobility group A2)

CircHelz As a sponge for miR-133a-3p to upregulate NLRP3 [68]

Hsa_Circ_0076631 As a sponge for miR-214-3p to upregulate caspase-1 [69]

Circ_0071269 As a sponge for miR-145 to upregulate GSDMA [70]
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Function Circular RNA Mechanisms References
Autophagy Circ_101237 As a sponge for Let-7a-5p to upregulate IGF2BP3, [76]
thereby increasing IGF-2 expression , finally increase
the expression of LC3-11
CircPan3 (1) As a sponge for miRNA221 to upregulate FOXO3 [33]
and thus promotes the expression of ATG7
(2) As a sponge for miRNA421 to upregulate PINK1 [79]
ACR (autophagy-related circular Interacted with DNMT3B and inhibits DNA methylation [4]
RNA) of Pinkl promoter, thereby promoting PINK1 expression
Mmu_circ_0000309 As a sponge for miR-188-3p to upregulate GPX4 [35]
CircIL-4R (circular RNA IL-4 recep- As a sponge for miR-541-3p to upregulate GPX4 [85]
Ferroptosis tor)
CircRNARHBG As a sponge for miR-515-5p to upregulate SLC7A11 [86]
Mmu_circ_0000130 As a sponge for miR-351-5p to upregulate 5-LOX [87]

2.2.4 RNAN6-MEHBRF LA X%EE  CircRNA
A LB E T RNA N6-7 1 FF F:4k (N6-adenos-
ine methylation, m°A)AH ¢ &% [ 52 M B 22 2500 I 55
Mo YUZEBOIHT 7T K IN, cire-ZNF6093 @ i 6 i 5 2%
FH A T FEL PR A DG 2 11 0 9 3R, 4t v o] 8 2% Adh B
O LA FIRNA mCAZKF, a3t i i Co L 4n B e T
A, circ-ZNF6095Z Hl B4 R4 g £ 1 14140 1E 1) Y 42,
TR — A HIEHLE], 3E—2D 80K RNA meAZKF 42
16, IR R S OEEE. X—RIERT
circ-ZNF6097E il 25 25 /0o IIE B £ /R WL, ST
RE XTI IT R T kR
2.3 CircRNABET SN MM SR ORSE
S AN N BT BT 2 2R 0 U B M ) R A R
HEEEH, FERIUNO LS HUE L &
R B, CircRNA T EIE T 78 24 S AL 38 7 A
K miRNA 47 5 B0 B H2 1 09 376 1 4800 A B
Sf S ] 5 2500 I 7 1 25525, ZANGZE BRI T
1E B circ-RNF 11138 1 1 4 miR-140-5p IR 45 4 1
KN miR-140-5pHIFRIE , ZHAOSE DI 5t R A,
miR-140-5pif it B H AR AZ IR 1 E24H OC B - 2 A
UBRIR PR B (1 21 R IE KPR ) i 40 R A A
1. NAD(P)HPER Bt B VRIS B H Bk S-54 82 il 55 00
VPR S =22 (i3] TE 590 RWiINiTE= KA
5, HILE cire-RNF 111 7] §838 18 78 4 miR-140-5p 1)ifF
4301, I miR-140-5p 3 i) (34 S5 AH 5% il 22
BRI E RARRNE R O . ZHENGSE
HIBF 7848 H , circSamd4 7] DA 3555 45 1 ik 2 3 1) 2k

WALz, M T8 B e A6 1 B 28 73l T 2R 3 1R
Ik, BH b SR A I8 PR e 4 FL I, AT ) Zepl
A A R PR SRR P A R s A SR A S BEOR B
JE IDNAZEAL . B, circSamd4 7] BEiE 1T B
B SR A B 35 PR3 A S KT SR A s v 85 25 O e 75
o I, circRNAT] feid 1d 2 5 S AN ek 18 58]
RO, BTN RIEN T ffcircRNA L
AR AR BAE R, BLACBAT TN B 3 3R 0 U
BV T .
2.4 CircRNABETHATMAE R DS
Bl 55 2= 0] T BO0 L L e 5 O VB B A O
F1C IE AL 41 B (cardiac progenitor cells, CPCs)# T,
MM FOAEEEPE DS, W TTHR Y, P52 HEEH
To0 LA L B S A Il B, I IR AR B 2 —Fh
hRIMEFIB-DNAR &), )5, X G S iE
HE pS3HIBE R AL 1T 51 DNA# G I & S 200 UL i
TP, ghAh, Bl 2% ) 0 5 ADP-Z B 2R
A Bl BT 200 7 ) W R T B4l I g T BP0, Cir-
cRNAfJy & 73 4 I 4 7241 58 miRNA HIRE 45 73 5,
B 1P 9 24 U T A 4% 5 Ve o B 2K I A O
YUNZE O 3] cire_ 0129657 7] /F J9 miR-194-5p
258571, FEFASE T 5T R I, miR-194-5pr] fin
JElI R 5 2575 O LA T2 Bk, cire_0129657
A GBI AF N miR-194-SpFIE 4R 43T Kig b O L4
MO T i A R AR & RO R . LA, circRNA
AT 3@ I T e R L OO I, FE ZHANGEE )it
e, RSk EEAE AL (atherosclerosis, AS)H,
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FTO

= FOREHE; —: FRA]; 7 FORATREIIALE; b FOR R B, SIRTG6: YUK 116; BIRCS: S AIRI #EIAPH 52T 513 115; SERCA2a: LI E54E 2a;
ADCY 1: IR ERINMEEEL; circLTBP1: JRIRRNAFE LA K N TR &8 1 1; HMGBI: EREBRIEE FBI; TLR4: tollF 52 {A4; QKI: FEHIE [4; circTTN:
PRIRRNANUBR S H; cireSTRN3: FRARRNALUER [93; circ-INSR: FRARRNARR 5 3 52 745 SSBP1: HUEEDNALS 28 H 1; AKT1: AKT22 %/ /5 2 i 1; PDK1:
R LB QAT £ - 15 ID-1: DNAZE A4l 85 191, FAK: J5) B30 LI, HIF-1o: R0 K 1105 IL-1B: 4P 3K-1B; IL-6: 41 %-6; IL-2RB: H
f3K-2RB; EGRI AR A K M 8 1 1; EGR3: N FUUIAE K S B3R 113; FTO: EREAH OS2 15T mOA: N6- R R P REAL; Nrf2: A FE2AH 9K F2; Sirt2:
VUERIE 51 2 H2; HO-1: AL A A1, NQO1: NAD(P)HER i A 1; Gst: 70t H iks- A8 W, Vep: &8l IKE FH; Vdacl: S Aol [ B 7l & A
1; HDAC1: 413 (Al 2B EE1; CircUSPOX: RRNAZ 245 7 VEIIKEE 9 X-74 4, EIF4A3: FAZ BRI M T4A3; GSDMD: 78 7 D; CircHMGA2: 3k
RNA= L #E [1A2; NLRP3: NODF:SZ (A H4E (4511 DR 1113; GSDMA: Tl B2 % A; IGF2BP3: IGF-2 mRNA% A 1113; LC3-IL: A IR E (15
HE3-I1; ATG7: HWMEAARE F7; PINKI: PTENTE T 1; DNMT3B: DNAF AL [3B; Circ-IL-4R: FRARRNA A/ 5-452 445 GPX4: 13 H Mot 1L A4
SLCTALL: R IRTM b1 11; 5-LOX: S-HEA & .

—: promotion, —j: inhibition; ? : possible mechanisms; : decrease. SIRT6: sirtuin6; BIRCS: baculoviral IAP repeat containing 5; SERCA2a: sarco-endoplasmic
reticulum ATPase 2a; circLTBP1: circular RNA latent transforming growth factor beta binding protein 1; ADCY 1: adenylate cyclase 1; HMGBI: high mobility group
box-1 protein; TLR4: toll-like receptor 4; QKI: quaking; circTTN: circular RNA titin; circSTRN3: circular RNA striatin 3; circ-INSR: circular RNA insulin receptor;
SSBP1: single strand DNA-binding proteinl; AKT1: AKT serine/threonine kinasel; PDK1: phosphoinositide-dependent protein kinase 1; ID-1: inhibitor of DNA
binding protein 1; FAK: focal adhesion kinase; HIF-1a: hypoxia inducible factor-1; IL-1: interleukin-1B; IL-6: interleukin-6; IL-2Rp: interleukin-2Rp; EGR1: early
growth response factor 1; EGR3: early growth response factor 3; FTO: fat mass and obesity-associated protein; m°A: N6-adenosine methylation; Nrf2: nuclear factor
erythroid2-related factor 2 ; Sirt2: sirtuin2; HO-1: heme Oxygenase-1; NQO1: NAD(P)H dehydrogenase quinone 1; Gst: glutathione s-transferase; Vcp: valosin con-
taining protein; Vdacl: voltage dependent anion channel 1; HDACI: histone deacetylase 1; CircUSP9X: circular RNA ubiquitin specific peptidase 9 X-linked Gene;
EIF4A3: eukaryotic translation initiation factor; GSDMD: gasdermin D; CircHMGAZ2: circular RNA high mobility group A2; NLRP3: nucleotide-binding oligo-
merization domain-like receptor pyrin domain-containing 3; GSDMA: gasdermin A; IGF2BP3: /GF2 mRNA binding protein 3; LC3- I : microtubule-associated-
proteinlight-chain-3-II; ATG7: autophagy related protein 7; PINK1: PTEN induced putative kinase 1; DNMT3B: DNA methyltransferase 3B; Circ-IL-4R: circular
RNA interleukin-4R; GPX4: glutathione peroxidase 4; SLC7A11: recombinant Ssolute carrier family 7 member 11; 5-LOX: 5-lipoxygenase.
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Fig.1 The biological role of circular RNA in Doxorubicin-induced cardiotoxicity
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circRSF1A] { y miR-135b-5pifE45 701, M k4
R AN TR T mRNAR AR, &l A 181
IR B g B 5 R i A 9 R i T, SR, H
A B = B2 AW FCIE B cire RN ASE I 48 i 3 T2 5 i
P 85 2L IR RETE, R EHEFUE P IRRIX IR
B o
2.5 CircRNAFETHE TSR ORSS
o] 8 25 AT LA R0 LA AR A 1 AT 52 000
BPE. A FUUE B B 8 2R AT B0 caspase fIVH LR
M 51 AL A0 AT 1008, oAb, BT R B AT S
NADPHZ LB 1 fll NADPH AL B 45 ik, 5liE sk
FIARZEAS | (ks A AR 2R, BOE NODFE 2 44 #4
B 45 /380 9% & 1 3(nucleotide-binding oligomer-
ization domain-like receptor pyrin domain-containing
3, NLRP3)#AE/IMAE, 4 FEGIRAET S, Fif 5
Fia i, cireRNAJE T 523K Se A2 T~ A 5¢ 3R (1 3R IE A
TGP, S 5T, MR S KRR O L
A5 BE AN J 975 00 UL 25 0 I SRR I R g« ASHR,
RRNAZZ 45 HERCE O X280 5 EUZ B R T ih
K74 ASFHEAEF, 3 589H = DIAR e 1, (25
AR ERE B 5 S 0 N 2 4 e A5 T, e ASE,
WAEMFFIUER, circ 009023 1@ /F A miR-635 i
W TIIMNLRPIR A &, (2N i iEE T, M
TN ER ASHI A 15 ZE AL, AR RNA
LR F R 1 A2 EAE S NLRP3 [ R, #0244
MAET:, SEff O U AE O L 70 Ak, A
SCHRYE H, circHelzid it 1 9 miR-133a-3p 145 7
TRIGIINLRP3IFRIA &, fedtgifiufErs, InjElil
175 8, ZERE PRI O LR H , hsa_circ_007663 181X
BN, HAT PIVE A miR-214-3pfiE45 731 AT in
Jill caspase- 115 S HIAN MU A2 T 10, AR, &
BEAEFE 5 B O LA R cire 0071269384 B4 b, 3
I AE A miR-145 (10345 70 1 M AZ 25 B 3 A
LIk, NEAAET Y, 22 F | circRNA W] Ge i i
R T AT 9 R 1 A 8 R e SR T ) 0 U 7
PE. AT, DL ENUER R R R, 2 2 M0 5RIR
AR cire RN AJE i A5 1 5 e f] 25 220 I 2R PR H 1)
BARAERILE]
2.6 CircRNAET MBS = ORS Y
ST 1 W — T8, BIE TN NS E W AT
O] B B 2% o MR B, HL 1 W AT R e B 2R 0
M. B TR I, KT 316 LR T8I PTENTS S

1(PTEN induced putative kinase 1, PINK1)/Parkin
T R (RO, 38 R SR AR [ R Bk R 7 2 T )
TR B SR 2ok 7721, {H G FE H R A2 KA R 3 2
OB Y B R, 0T FRER I, ERT B R AR 1)
/NERGC LR H, OB AH G A - S - I AR &R,
DRSS Y OV S v sy 1) 1 R =3 LI
H I 40 5% 25 [ 7(autophagy related protein 7, ATG7)
ik 2 3 i ik B g F AR R O UL i o R B R S B
R EE 2 O ERRPE T A HRHT TR, circRNA
Al DU R E R 2 5 s v R R A, BEAE S
BRFE HH, O UL R U AR R, cire_101237(10 K5 &
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HNeirc 101237/ Let-7a-5pHIH#E457> 7, ML
IGF-2 mRNAZS 5 H 3[3RIE, IGF-2 mRNA4S &
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M2 E PINK 1 RIEEIK , S| CoILAH ML B W, circPan3
AT 38 A v miRNA42 1457 2 7 {2 3 PINK 1R
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