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[ Abstract ] Cardiovascular disease is a health hazard to humans and systolic heart failure due to myocardial
infarction is a major cause of death. It was previously thought that myocardial cells of the adult mammalian heart possess a
limited ability to proliferate and self-renew. However, it has been widely reported that mammals have the ability to
regenerate the myocardium, which is restricted to early postnatal life, and that it is strong enough to repair damaged heart
tissue. The discovery of myocardial regeneration in neonatal hearts has provided an ideal animal model to investigate the

mechanisms that affect myocardial regeneration, and many mechanisms that reverse myocardial cell cycle arrest and promote
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myocardial regeneration have been revealed. In this article, we review the factors affecting gene expression for myocardial

regeneration (e. g. , ncRNAs and transcription factors), myocardial regeneration-related signaling pathways, and the

regulation of myocardial regeneration by non-myocardial cells (e. g.,

extracellular matrix, immune response, and

epicardium) to provide directions for achieving myocardial regeneration after myocardial injury in adult mammals.
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i SCERIE T ) B RTIRST R 2 R AL R
/N RNA (microRNA ,miRNA) | KA R4S RNA ( long
non-coding RNA, IncRNA ) F1 5 Ik RNA ( circular
RNA, circRNA ) , miRNA =E()| miRLet-7i-5p , miR-
26a .miR-128 F7E A J5 b, 7L B0 LR fig
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AR B B 4, 1 T A 0 L 40 i 444 5 A7 5 4
miR-128 i i JI ] Suz12 W335, B p27( LI
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106b-25 .miR-199a .miR-302/367 2 41 37 F- A A
ARSI OIFA R & A, HA miR-31a-
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HIFE ) B mRNA 3° UTR A Ui 45 4 4 i) He ek, ik
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ol 24 ] B0 R PR A B — S O S 1) 400 i ] 0 £ a4
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Sirt] fEf% 5 Sirt]l AY mRNA 454 I-42 5 HAE E v
FEKKF A HEC JULAR B 34 55127 IncRNA Snhgl 7]
5 PTEN 25615 5 H M, W00 PI3K/ Akt {5 538
% 175 58 AR B0 R A8 95 1 o0 JUL 200 TS 240 6 I 149 43
24 [E B c-Mye /E & PI3K/ Akt {5 53 2% 19 T Ji e
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PI3K/ Akt {5 53 45 AU S 300G |, i a2F O JUL 40 i 33 it
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FC LA 5 H, 3X & BT NPPA-AST 7] 5 SFPQ
BT PIES S ME T SFPQ-NONO SEH {4k ( BEfg
fE3E DNA SEEAE ) HIE I, DNA #5345 34 i, 1k 1
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Table 1 A summary of the miRNAs on neonatal murine cardiomyocyte proliferation and mechanism

WiFh
Species 55 o (+/-) =3
ncRNA - )
N S Targets Effect (+/-) Authors
In vitro In vivo
) . VR, [10]
miR-302-367 NMCMs Mstl-, Lsts2—, Moblb- + TIAN Y, et al.
Mouse
VARYEE B
miR-1825 / P pl6—, Rbl-, Meis2- + PANDEY R, et al. [/
Mouse
. N . (6]
miR-128 NMCMs \ SUZ12-, Cyclin E -, CDK2- - HUANG W, et al.
ouse
VANYSE
miR-34a NRCMs I Bel2—, CyclinD1-, Sirtl- - YANG Y, et al. [
Mouse
. KR -
miR-31a-5p NRCMs RhoBTB1+ + XIAO J, et al.
Mouse
VANYSE
miR-7i-5p NMCMs D E2F2-, CCND2- - HU Y, et al. [
Mouse
miR-222 NRCMs / p27-, HIPK1-, Hmbox-1- + VUJIC A, et al. [
miR-19a/19b NRCMs / PTEN-, BIM- + GAO F, et al. ['¥]
miR-204 NRCMs / Jarid2- + LIANG D, et al. ['¥
miR-294 NRCMs / Weel/CDK1-, CyclinBI axis— + BORDEN A, et al. [
miR-410, miR-495  NRCMs / Cited2—- + CLARK A L, et al. [
NMCMs
. _ + ; (18]
miR-708 NRCMs / MAPK14 DENG S, et al.
miR-106b-25 NRCMs / E2f5—-, Cdknlc—, Cenel—, Weel—, Hand2-, Mef2d- + RASO A, et al. [®
VANYSE
miR-486 / L GATA4+, FoxO1-, TGFB/Smad- + LANGE S, et al. [
Mouse
JINER
miR-26a NRCMs I Ezh2- + CRIPPA S, et al. [
Mouse
miR-1180 NRCMs / NKIRAS2- + DING Y, et al. (2!
VANYSE
miR-152 NMCMs I YAP1-, P27kipl-, DNMT1- + WANG X, et al. [2"]
Mouse
miR-199a-3p NRCMs / CD151-, P38~ + TAO Y, et al. !*]
miR-24 NRCM / CDKN1B- + GAO ], et al. [?
miR-301a NRCMs / PTEN- + ZHEN ], et al. [%
miR-143-3p NMCMs / YAP-, Ctndl- - MA WY, et al. 2
miR-411 NMCMs / YAP+ +  NUGROHO A B, et al. '/
miR-378a-3p NRCMs / ATgl2-, LC3-, P62+ - ZHAO J. et al. [2!

TE : +ZRR 3O LR A HA A HEAE F ol e 0 5 DR 0k 300 oo WL A= EL AT J00 41 FH s o e D81 3328 s NMC M« A= /s B JUL AT S s NRCM s « 57
AR BT,
Note. + indicates the facilitation to myocardial regeneration or promoting gene expression. — indicates the inhibition to myocardial regeneration or

inhibition of gene expression. NMCMs, Neonatal mouse cardiomyocytes. NRCMs, Neonatal rat cardiomyocytes.
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AMI & Co LA R A3 58, [R) B 38 5 10 ) miR-133a fi2
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FGL R R T B, 210 52 ) 32 45000 JUE 7 -
e RS,
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LS B AR /N BRI AR FEAE /N B S SR 2 e I EL
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YAP {E PR GRS, ST EB 4 AR B LA 3
RCRB MR LA, RN RER B R, X5
YAPSSA HA0 10 LA A % €5 51 VR Jify 2 1R A 3 3k
HRN,
1.4 Hf

RHAU 2B A G4 i EETE MR RNA 455 &
M B &3, RHAU A SR8 5 A B0 LA At
KEARE S, A SELHhERY, XEHT
RHAU fEW5 Yapl Ml Hexim1 LN 5° A1 3” UTR
AHABIRE ,f mRNA o M ARG, 48 50 BRI KO | X 02
B RO 230 5 PR I b Ak 1, WFST R, AL
R A B T 1R 8 A RO LA i L 4238 A
B AR A 7 G R R, A MO L AN A 32 3T )
ZAEREAL  OIEFA RE T B Wi R #T XX
— G, B K, )2 EH B2 (lamin B2,
Lmnb2 ) A] DIAIE A% REER 28 | 412 2 0 L 30 4000 UL 240 L
MEALARE AR ] Z2 A5 A5 AR B2 Lmnb2 (4385 A= /)N
R (A O LA F 43 Ee 38 T, T s oo WL
FEA. 5 Lmnb2 2501, E2f 38 B& L 5.0 L4010 22
B 60 (HmFgE R, EAR B E217/8 19/
OO LA L A AR ARG I (H & 2B AMI 378
B O WL A 348 g 0 oK 52 B0 R B LA L4
Mg R S HA MK RETEHT — P WA
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2 HEROIBERNS FILH

2.1 Hippo/YAP 5S&EH
Hippo/ YAP 1553 & 76 7% B K/NRIZH 214 K
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(5 Hh A A E AR T, A O WL A 453 ) A
BT T Z BWF5E, M Hippo 18 #% 1 (1)
TR, o] DA RO WL A0 A E BT 2 A 400 e S 3 kA 7
2 48 AR RO LR A B2 Hodr Hippo B R i
HUER YAP S0 ULFE A= o 7 o i 5 28 7Y
YAP WA H 7 T Hippo {7 538 8% 78 H 15 = i il
PR S0 UL 2N i 34 58 5 AE 4N GP130 TLR3 4§
¥ynlE s fE T YAP {2E0 WLgn s gy > 1
R EEE A /N U AR GO IR A AR Y ST
FR BT GP130-YAP-Notch 18 B& 760 LR Ay
HEAEH, GP130 # i R fk SRC & 1S YAP,
B T2 ML Hippo {5538 #°% . TLR3 #¢
%17 5 W I M A REPE B0 YAPT RO , 12 F miR-
152 WK FE M P27kipl | 20 B & 301 400 1 4
K DNA H & ¥ # [ ( DNA Methyltransferase 1,
DNMT1) (335, A 7 3 A B0 Ik 52 355 19 P 2E
(L3R
2.2 Wnt{E5iEH%g

Wnt 15 5 (14 T 8 J2 40 i J8) 401 455 s 1 o5 R 2
— ) W2 A5 51 s T AR A2 450 L L LA
JR 33 Uk 2 27 AR %A S 3 I R 43 R A
W2, £ LAY B-catenin 4K 451 PE A1 HE 28 8L 49 9E B-
catenin JKFIMEAS 530 1, TS K BL, Wt Boik
(L2 K LRP6 it ING5/P21 {55 18 B B0 7 4F
FIBLAE/IN BRSO UL 200 B S B9 05 P | A1 00 JOE ) P2
B4 1) RIS 4k LRPS AT A2 #F AKT 1 i
P p21 MRS FE0E FRAE ' Wt 15538 %
i) #E RNA 45 & & 11 CUGBP1 % 3%, 8 o
CUGBP1-Wnt/B-catenin-GATA4 i 1 fl1 {2 3 8 4= B
ORGSO LA R 3458 BEAh, Wit {5 538
%348 AT 5 Hippo 18 [ e [] B Co LA 0 Bl 21 45 40
2 (B A AH B AR, a8 A RO LR AR /e, 7
A UL JILZR L YAP 3% M i, Wt 5% 45 2R
1 (wntless, WLs ) #38 , /50 LAR L5 02 4 240
Ji 22 AR 2B Wnt {5538 4 32 9 , 2 1 400 il 0 JOE
FSCET A 4 I A 0 RN Ak, A0 IR 32 450 R F
Hefk et LA
2.3 Hfth

BT UL BB AN, A A RO WL A P R
HEANEBYIELA Notch {7538 #% , il 1 117 5 18 %
AT LAk 2 S8 Ak IO 355 R 20 e R T, 8 AT DA
WL 193 F 1 WL L 2T 4 Ak 41 3 1 i i e, i i
O WLAN MG B AN A

PI3K/p-AKT {55538 i 1 A BT B 2% F T 34
W AN Y 5 B A R T A A R RO LA
b2 5 00 B RE 05 A O JULZE L SR
WEAER Bad A1 Bax & 18 7K - 40 ) 240 1 041 T LA K2 38
Bel-2 Fl Vegf 1335 /K- 75 5 A1 48 0 LAY 1l 45 7
A RS R B, /MR A A K T 2 AR B
(platelet-derived growth factor receptor B, PDGFR-3)
AR ] PIBK/ p-AKT 5538 47 il O JUL 2 g v
Ezh2 (335, (2 3E0 WLAn g5 78 AKT 4
ST, H1 PR A o s ) B TR AR A T (myeloid -
derived growth factor, Mydef) BEZ1H i c-Myc/FoxM1
PR AR /N B JIE 0 JULAR e 1 58 £ 7
ORI HAEZ 40 B AR /N BLC E H, Mydgf Xf
TR RIREA SR HEE T

1 L-{% 2 R ( L-Tryptopha, Trp ) 7 15| W i 2, 3-
BIN4 R 1 ( Indoleamine 2, 3-Dioxygenase 1,1DO1)
WAL T 72 A2 19 K R /R (kynurenine , Kyn ) |, 7E 21 fifd
o DU It i R v — A% 1 R i B X2 5 4 e Ak e
WFFERIA, Trp-Kyn A3 78 B A 5O WILFS- A Al 4
Azl kAR U AE T, — J5 T, Kyn AT LU G 5
AHR 4544005 Sre-YAP/ERK i B2 F AR H7 4 B
MR LAN IG5, 55— 5 T, Kyn 36 7 38 5 {2 i
PB4 AHR 9% 5 (6 $2 (R VEGFA 1% 5K
S T A i R R, X — B EAIE I, IDOL-
Kyn-AHR-Yap/ERK L ILEEL: o3 1 41 .0
JULAR L 22 TR)AH LA P 0 B R AR

3 EmEHmAEROIBEENNIECIARES
3.1 {ApRShER

ECM ( extracellular matrixc, ECM) &—~& 219
BB EE & 2 Fh A& B | A R T 2
M EE 1 (B SR AR ) TN 22 0 5 o A0 M 1 AR 2
FRPETFI T A 2URR S ) B AL AL R P | ok i 22
ST 2 B, ECM 5% i o .0 JUE 1) 13-4 B 75
ECM ZH A & — A 1 fEAE K R B i R v A
KBNS, 1 H W E RO IE 53 2/ ECM
57 HigM L, 68 0 3 s b WLAN ey g, g
XPIXFIGE BN G L8R TR A A KR B B Bl
JIE ECM 4, & B 2 FhAE7E 2 35 22 S i Lo, JUH:
EH A ECM 8 Agrin 28748465 /)8 BC I F-
A RETTI/IN a1 BE AR G, BF 5T R W Agrin REE I i
AMI 5 50 DL AR 0% 385 568 A 2B SR 2K Agrin J P
D) 23 O I 42 BT RO FTE B J5 2 3 4T 4
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7 X Agrin B4R FIHLE], BF 52 N LR T
Agrin-DGC-YAP JAFERIAI R, ECM /Y I & A
LI A B WL A A G BE 2 1, o i 2
LI A/ NRRAE AMIT 5 ik S B O LAY 58 4 A, I
SR I O £ AL RN I R s D BT
A AT LB T IR IR A A A R /N B ECM 2
1, KR PIRRAE ISR T B SR 1Y ECM & Sl F'E
% 28 [ ( nephronectin, NPNT ) 7£ {4 4} Fl {4 P #4) G
RAEFRIE O WA I AR

R ECM Ayl e i i B O LA 4
BH KPR O LR AR RO VR T BRI 2 50, A 20 i
iz FE L S 0 JUL A Y S5 T AE IfL B A
If, ECM AR I 48 8 A 9 ) B S 4 2 ik — i
e R Y I AE A RS 20 L PR R A A TR Y
SRR A B AR DCI ST LB B, (RTE AT
NIRRT, ECM TR BEAFE R 2R
J6 HSPG A AR AL /I o0 JE A4 B R 1 mT LA
fE #F 25 M WK T & R 2 ((vascular
endothelial growth factor receptor 2, VEGFR2) 1] 45
o, BEMEE VEGFA BB, 175 5 ML A8 AR i, A
FEIG O ME T R0 7Y FEBE S fh P BT 5T
SRUESE T ECM 85 1 (B EE 1) B9 145 S 2R R
ST AR B BRI G R K
ECM iy EAA il o3 B B A BF5EAE 52, 78 0 LR
LA AR 0 e 45 0 DX ) G S 0 LA
[T R

R T 4Lk, ECM AR RE-ALL 52 e 4 00 I
ABETT o SR A /N BB R B LA A A 85 57 i
FErf  ECM A 2 514 384 T 4 S S50 M ) 300 45 i ) &
A=V A A B AL (lysyl oxidases , LOX)
FEAI ECM RYBERZ IS, /NRBEREAE 2R S A 3 d IR
FrOMERFHERE ), IX R U] ECM AYRE B 287 A= Bl
JLFERAE A S0 PR 28 22—
3.2 IDAME

AR M ) e A= | 2 2% Al B[] 5 240 i
(AN BLET AE A | i BE 2 M | N B AR ) R D, T
HAEWE NG % & B B, O AP BRI Ab AT AR 40
(epicardial and epicardium-derived cells, EPDCs ) fg
%38 it s A K [ (FGF9 IGF2  TGF-B .PDGF) |
RO A MIEATT A 40 LAY 8 5 1) S T 5 0 o JUE £F
Al S U O LA HELBE RO JUE R 7 AR
BIROANEEAE Hh A= I B E ARIROIRZ , (B8 A B
H, FErR VR 2255 00 A 5 T B A O B A2 B A I

] 3 A T e g, Mo, R R AEKEHE T 2
(insulin-like growth factor 2,IGF-2) j& .0 E & & o
FE YA 22 93 B, 20 A B0 I AR BT A 20
1, IGF2 Sl 1 AE /N BRCo UL 2R JfL T L-F- T 12 12F A 4
RS 4R SPSE I (extracellular vesicles, EVs)
AE g 40 B ) 3 ORI 5 A% 5 0 B S8R SO A
VEFR A4 FIr ab 2L B ot . 30 3 A B0 5 N D3 ok o)
AR B I 32 458 DXl e S DA 2B Ak /0N BURR i v 43
BIAMECAME EVs AR HE T 1 HIE AMIL O JERRA
AL/ RO ILAE M8 58, OF B T 7 HIg /R
O JULZIE D J S P A G 5 3 g P AR AR TG A 4%
SEFHRE W Y miR-30a, miR-100 55 f& 57 19 42 F4E
miRNA A1
3.3 RRERM

WTFE R, AMI Ji5 3 2E BN B4R Blce JUE 1Y) f i
5N T g 2 IV A 0 3 2 S A O R 5 1Y
R U K e s I N REAS IO LR AR
FEN G A= /N B I v 40 15 45 380 199 15 W 4
FEAE RN HLAE /N B AML #4742 3 10 WL 48 J 1 3
B, 2 AR O R O BE D) RE RiCE , 3R SR
Az /N B2 A5 O I O A LA JUL A b 4B Y
AR AN 3R A ORI, O E 2 S
LVESRAE SN RO LT AR B A, Bk R S
IO A B TL-13 Sk fE 08T A /N BRUTE AR 5 TG 52
PoE AR LR A B, MR IL-13 A0S ERK1/
2 1 AKT, 3 T 42 25 JUL 200 1 B 39 5, ke k00 L
FAE T

4 ARKEHSONEE

TE ARG, (O LA 6 A 35 D =52 i DA % fie
I BB R E AL T R SRR AR I K
W3 BC UL A L 3% 4 48 ( reactive oxygen species,
ROS) & =AY, 51 % DNA 4443 , 53040 i
JEIA A5 Y & AR N - SR bR 2R (N-
acetyleysteine, NAC) ) H,S""" Z£ 55 ROS AE % 4E
RIS <A o TN | SRS ol B R K = R e S B I R 1o
B IR KT [F] A 3k B2 T ROS X0 L2 J F) 52 il
RO FEZERE 1 T AR W 2 A AR
A B EURE BIFSE N D S e ) B W rh e D R
et DR A S A T 1 DR IR S Ak, e b
T ROS B/, 35 BRI T .0 L40 A DNA A% 1k
B BT RIS JEORE A W5 3 o 4
AR N 1) I 5t i 4N T ) 752 3 1 1) M2 ( pyruvate



150 o H A PR 25 2024 4E 2 A5 34 %45 2 5] Chin J Comp Med, February 2024, Vol. 34,No. 2

kinase M2, pkm2) "' 2 it OB 4 ( pyruvate
dehydrogenase kinases 4, PDK-4) " f{j ik | E 524
IS ] e 52 W) 4 P T 3RS L R Wi R A5 3 )
AL AERETT .

5 FEROCIBEARNRESLZE

LR B0 LA G 1 e B g O WL 2 AL
AIBIFSE MR &7 ik BT K S i T 0 T H. i
TEAHSCHIESE B A 7 20 % 135 figt R ) [ AL, s L
200 6 A 2 e 52 W) O JULP- A B 0 8 50 JUL i
PRI 752N 017 2 4 A ) W 7 A 14 P 78 LA 2
A e BE O LR A9 5 o0 BE HOR TR AFAE— DR 2253
SR RGO LA I R A, R AT EAR T
A RO AEBRIE 2R3 1% 20 LR
A AL (ET A B A B A i 2L s 7
O JULE I PR 40 JE A A5 P s R | B A T OB
AEF T AR .35 28 5, S S AT ] — b B — iR A X
O WUFF A B e AV IR+ 20 BRI MU 22 B
O JULHE A= 1] A TR 2L 50 00 0 JULP 2 ) e 9 5 7
JEE Z MR N R A EAE IR 275 % S8 45l
PR R L S S AT S8 LA, ROk, A
TENZEOHENR YT I O WL AR T k| i 75 20
O AP — P RAIE

S 3k

[1] ROTHG A, MENSAH G A, JOHNSON C O, et al. Global
burden of cardiovascular diseases and risk factors, 1990-2019.
update from the GBD 2019 study [J]. J Am Coll Cardiol, 2020,
76(25) ; 2982-3021.

[ 2] CHEN C H, POSS K D. Regeneration genetics [ J].
Genet, 2017, 51 63-82.

(3] HUNKLER HJ, GROBS, THUM T, et al. Non-coding RNAs:

Annu Rev

key regulators of reprogramming, pluripotency, and cardiac cell
specification with therapeutic perspective for heart regeneration
[J]. Cardiovasc Res, 2022, 118(15) : 3071-3084.

[4] HUY, JIN G, LI B, et al. Suppression of miRNA let-7i-5p
promotes cardiomyocyte proliferation and repairs heart function
post injury by targetting CCND2 and E2F2 [ J]. Clin Sci, 2019,
133(3) . 425-441.

[5] CRIPPA S, NEMIR M, OUNZAIN S, et al.

transcriptome profiling of the injured zebrafish and mouse hearts

Comparative

identifies miRNA-dependent repair pathways [ J]. Cardiovasc
Res, 2016, 110(1) . 73-84.

[ 6] HUANG W, FENG Y, LIANG J, et al. Loss of microRNA-128
promotes cardiomyocyte proliferation and heart regeneration [ J].
Nat Commun, 2018, 9(1): 700.

[ 7] XIAO J, LIU H, CRETOIU D, et al. MiR-31a-5p promotes

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

postnatal cardiomyocyte proliferation by targeting RhoBTB1 [J].
Exp Mol Med, 2017, 49(10) : 386.

RASO A, DIRKX E, SAMPAIO-PINTO V, et al. A microRNA
program regulates the balance between cardiomyocyte hyperplasia
and hypertrophy and stimulates cardiac regeneration [ J]. Nat
Commun, 2021, 12(1) ; 4808.

TAO Y, ZHANG H, HUANG 8, et al. MiR-199a-3p promotes
cardiomyocyte proliferation by inhibiting Cd151 expression [ J].
Biochem Biophys Res Commun, 2019, 516(1) ; 28-36.

TIAN Y, LIU Y, WANG T, et al. A microRNA-Hippo pathway
that promotes cardiomyocyte proliferation and cardiac regeneration
in mice [ J]. Sci Transl Med, 2015, 7(279) : 279ra38.
PANDEY R, VELASQUEZ S, DURRANI S, et al. MicroRNA-
1825 induces proliferation of adult cardiomyocytes and promotes
cardiac regeneration post ischemic injury [ J]. Am J Transl Res,
2017, 9(6) : 3120-3137.

YANG Y, CHENG H W, QIU Y, et al. MicroRNA-34a plays a
key role in cardiac repair and regeneration following myocardial
infarction [ J]. Circ Res, 2015, 117(5) ; 450-459.

VUJIC A, LERCHENMULLER C, WU T D, et al. Exercise
induces new cardiomyocyte generation in the adult mammalian
heart [ J]. Nat Commun, 2018, 9(1) . 1659.

GAO F, KATAOKA M, LIU N, et al. Therapeutic role of miR-
19a/19b in cardiac regeneration and protection from myocardial
infarction [ J]. Nat Commun, 2019, 10(1); 1802.

LIANG D, LIJ, WU Y, et al. miRNA-204 drives cardiomyocyte
proliferation via targeting Jarid2 [ J]. Int J Cardiol, 2015, 201;
38-48.

BORDEN A, KURIAN J, NICKOLOFF E, et al. Transient
introduction of miR-294 in the heart promotes cardiomyocyte cell
cycle reentry after injury [J]. Circ Res, 2019, 125(1). 14
-25.

CLARK A L, NAYA F J. MicroRNAs in the myocyte enhancer
factor 2 ( MEF2 ) -regulated Gtl2-Dio3 noncoding RNA locus
promote  cardiomyocyte  proliferation by  targeting  the
transcriptional coactivator Cited2 [ J]. J Biol Chem, 2015, 290
(38): 23162-23172.

DENG S, ZHAO Q, ZHEN L, et al. Neonatal heart-enriched
miR-708 promotes proliferation and stress resistance of
cardiomyocytes in rodents [ J]. Theranostics, 2017, 7(7) ; 1953
—-1965.

LANGE S, BANERJEE I, CARRION K, et al. MiR-486 is
modulated by stretch and increases ventricular growth [ J]. JCI
Insight, 2019, 4(19) . e125507.

DING Y, BI L, WANG J. MiR-1180 promotes cardiomyocyte
cell cycle re-entry after injury through the NKIRAS2-NFkB
pathway [J]. Biochem Cell Biol, 2020, 98(4) . 449-457.
WANG X, HA T, LIU L, et al. TLR3 mediates repair and
regeneration of damaged
dependent YAP1 regulated miR-152 expression [ J]. Cell Death
Differ, 2018, 25(5) : 966-982.

GAO J, ZHU M, LIU R F, et al. Cardiac hypertrophy is

neonatal heart through glycolysis



o H A PR k75 2024 4F 2 A5 34 455 2 1 Chin J Comp Med, February 2024, Vol. 34 No. 2 151

[23]

[24]

[25]

[32]

[33]

[34]

[36]

positively regulated by microRNA-24 in rats [ J]. Chin Med J,
2018, 131(11) . 1333-1341.
ZHEN L, ZHAO Q, LU J, et al

signaling induces

MiR-301a-PTEN-AKT
cardiomyocyte proliferation and promotes
cardiac repair post-MI [ J]. Mol Ther Nucleic Acids, 2020, 22.
251-262.

MA W Y, SONG R J, XU B B, et al. Melatonin promotes
heart mice with

cardiomyocyte proliferation and repair in

myocardial infarction via miR-143-3p/Yap/Cinndl signaling
pathway [J]. Acta Pharmacol Sin, 2021, 42(6) . 921-931.
NUGROHO A B, STAFFORD N, ZI M, et al. Micro RNA-411
expression improves cardiac phenotype following myocardial
infarction in mice [ J]. JACC Basic Transl Sci, 2022, 7(9):
859-875.

ZHAO J, CHEN F, MA W, et al. Suppression of long noncoding
RNA NEAT1 attenuates hypoxia-induced cardiomyocytes injury
by targeting miR-378a-3p [J]. Gene, 2020, 731 144324,

LI B, HU Y, LI X, et al. Sirtl antisense long noncoding RNA
promotes cardiomyocyte proliferation by enhancing the stability of
Sirtl [J]. J Am Heart Assoc, 2018, 7(21) : e009700.

LI M, ZHENG H, HAN Y, et al. LncRNA Snhgl-driven self-
reinforcing regulatory network promoted cardiac regeneration and
repair after myocardial infarction [ J]. Theranostics, 2021, 11
(19): 9397-9414.

FU W, REN H, SHOU J, et al. Loss of NPPA-AS1 promotes
heart regeneration by stabilizing SFPQ-NONO heteromer-induced
DNA repair [ J]. Basic Res Cardiol, 2022, 117(1) ; 10.

CAI B, MA W, WANG X, et al. Targeting LncDACHI1 promotes
cardiac repair and regeneration after myocardium infarction [ J].
Cell Death Differ, 2020, 27(7) ; 2158-2175.

MA W, WANG X, SUN H, et al

circRNA Mdecl controls cardiomyocyte chromosome stability and

Oxidant stress-sensitive

cell cycle re-entry during heart regeneration [ J]. Pharmacol
Res, 2022, 184. 106422.

SI X, ZHENG H, WEI G, et al. circRNA Hipk3 induces
cardiac regeneration after myocardial infarction in mice by binding
to Notchl and miR-133a [ J]. Mol Ther Nucleic Acids, 2020,
21: 636-655.

ZHANG M, WANG Z, CHENG Q, et al. Circular RNA
(circRNA) CDYL induces myocardial regeneration by ceRNA
after myocardial infarction [ J ]. Med Sci Monit, 2020,
26 €923188.

ZHENG H, HUANG S, WEI G, et al. CircRNA Samd4 induces
by  blocking

Mol Ther, 2022, 30

cardiac  repair after myocardial infarction
mitochondria-derived ROS output [ J].
(11): 3477-3498.

WANG M, HU S, NIE Y, et al. Proteomic profiling of key
transcription factors in the process of neonatal mouse cardiac
regeneration capacity loss [ J]. Cell Biol Int, 2019, 43(12):
1435-1442.

CUI M, ATMANLI A, MORALES M G, et al. Nifl promotes

heart regeneration and repair by regulating proteostasis and redox

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

balance [J]. Nat Commun, 2021, 12(1): 5270.
WHITCOMB J, GHARIBEH L, NEMER M.
embryogenesis to adulthood; critical role for GATA factors in
heart development and function [ J]. IUBMB Life, 2020, 72
(1):53-67.

MALEK MOHAMMADI M, KATTIH B, GRUND A, et al. The

From

transcription factor GATA4 promotes myocardial regeneration in
neonatal mice [ J]. EMBO Mol Med, 2019, 11(6) : e10678.
YU W, HUANG X, TIAN X, et al. GATA4 regulates Fgfl6 to
promote heart repair after injury [ J]. Development, 2016, 143
(6) : 936-949.

MAHMOUD A I, KOCABAS F, MURALIDHAR S A, et al.
Meisl regulates postnatal cardiomyocyte cell cycle arrest [ J].
Nature, 2013, 497(7448) ; 249-253.

MURALIDHAR S A, SADEK H A. Meisl regulates postnatal
cardiomyocyte cell cycle arrest [ J]. 2016: 93-101.

CUI M, WANG Z, CHEN K, et al. Dynamic transcriptional
responses to injury of regenerative and non-regenerative
cardiomyocytes revealed by single-nucleus RNA sequencing [ J].
Dev Cell, 2020, 55(5) : 665-667.

QUAIFE-RYAN G A, SIM C B, ZIEMANN M, et al
heart
regeneration [ J]. Circulation, 2017, 136(12); 1123-1139.
CHIARELLA A M, LU D, HATHAWAY N A. Epigenetic
control of a local chromatin landscape [ J]. Int J Mol Sci, 2020,
21(3) . 943.

WANG Z, CUI M, SHAH A M, et al. Mechanistic basis of

Multicellular  transcriptional —analysis  of mammalian

neonatal heart regeneration revealed by transcriptome and histone
modification profiling [ J]. Proc Natl Acad Sci U S A, 2019,
116(37) : 18455-18465.

BEISAW A, KUENNE C, GUENTHER S,

contributes to chromatin accessibility

et al. AP-1

to promote sarcomere
disassembly and cardiomyocyte protrusion during zebrafish heart
regeneration [ J]. Circ Res, 2020, 126(12) . 1760-1778.
MONROE T O, HILL M C, MORIKAWA Y, et al. YAP
partially reprograms chromatin accessibility to directly induce
adult cardiogenesis in vivo [ J]. Dev Cell, 2019, 48(6) : 765—
779, €7.

JIANG M, HU H, ZHAO K, et al. The G4 resolvase RHAU
modulates mRNA translation and stability to sustain postnatal
heart function and regeneration [ J]. J Biol Chem, 2021,
296 100080.

HAN L, CHOUDHURY S, MICH-BASSO J D, et al. Lamin B2
levels regulate polyploidization of cardiomyocyte nuclei and
myocardial regeneration [ J]. Dev Cell, 2020, 53 (1). 42—
59, ell.

WINDMUELLER R, LEACH J P, BABU A, et al. Direct
comparison of mononucleated and binucleated cardiomyocytes
reveals molecular mechanisms underlying distinct proliferative
competencies [ J]. Cell Rep, 2020, 30(9): 3105-3116, e4.
YU 7, ZHANG L, CATTANEO P, et al.

Increasing

mononuclear diploid cardiomyocytes by loss of E2F transcription



152

[ LA PR 2R 2k 2024 4 2 A5 34 555 2 1 Chin J Comp Med, February 2024, Vol. 34,No. 2

[52]

[55]

[56]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

factor 7/8 fails to improve cardiac regeneration after infarct [ J].
Circulation, 2023, 147(2) ;. 183-186.

CARDOSO A C, LAM N T, SAVLA J J, et al. Mitochondrial
substrate utilization regulates cardiomyocyte cell cycle progression
[J]. Nat Metab, 2020, 2(2): 167-178.

XIE J, WANG Y, AI D, et al. The role of the Hippo pathway in
heart disease [ J]. FEBS J, 2022, 289(19) . 5819-5833.

XIN M, KIM Y, SUTHERLAND L B, et al. Hippo pathway
effector Yap promotes cardiac regeneration [ J ]. Proc Natl Acad
Sei U S A, 2013, 110(34) . 13839-13844.

LI'Y, FENG J, SONG S, et al. gpl30 controls cardiomyocyte
proliferation and heart regeneration [ J]. Circulation, 2020, 142
(10) : 967-982.

MAJIDINIA M, AGHAZADEH J, JAHANBAN-ESFAHLANI R,
et al. The roles of Wnt/B-catenin pathway in tissue development
and regenerative medicine [ J]. J Cell Physiol, 2018, 233(8) .
5598-5612.

QUAIFE-RYAN G A, MILLS R J, LAVERS G, et al. B-Catenin
drives distinct transcriptional networks in proliferative and
nonproliferative cardiomyocytes [ J]. Development, 2020, 147
(22) : dev193417.

BERTOZZI A, WU C C, HANS S, et al. Wnt/B-catenin

signaling acts cell-autonomously to cardiomyocyte
regeneration in the zebrafish heart [ J]. Dev Biol, 2022, 481
226-237.

WU Y, ZHOU L, LIU H, et al. LRP6 downregulation promotes

promote

cardiomyocyte proliferation and heart regeneration [ J]. Cell Res,
2021, 31(4) : 450-462.

ZHOU H, ZHANG F, WU Y, et al. LRP5 regulates
cardiomyocyte proliferation and neonatal heart regeneration by the
AKT/P21 pathway [J]. I Cell Mol Med, 2022, 26(10) : 2981
-2994.

LIU Y, WANG H, ZHANG H, et al. CUGBP1, a crucial factor
for heart regeneration in mice [ J]. Cell Death Dis, 2022, 13
(2): 120.

LIU S, TANG L, ZHAO X, et al. Yap promotes noncanonical
Wnt signals from cardiomyocytes for heart regeneration [ J]. Circ
Res, 2021, 129(8) . 782-797.

KACHANOVA O, LOBOV A, MALASHICHEVA A. The role of
the Notch signaling pathway in recovery of cardiac function after
myocardial infarction [ J ]. Int J Mol Sci, 2022, 23
(20) : 12509.

VALIZADEH A, ASGHARI S, MANSOURI P, et al. The roles
of signaling pathways in cardiac regeneration [ J]. Curr Med
Chem, 2022, 29(12) : 2142-2166.

YUE Z, CHEN J, LIAN H, et al. PDGFR-B signaling regulates
cardiomyocyte proliferation and myocardial regeneration [ J]. Cell
Rep, 2019, 28(4): 966-978, e4.

WANG Y, LI'Y, FENG J, et al. Mydgf promotes Cardiomyocyte
proliferation and Neonatal Heart regeneration [ J]. Theranostics,
2020, 10(20) : 9100-9112.

ZHANG D, NING J, RAMPRASATH T, et al.

Kynurenine

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

promotes neonatal heart regeneration by stimulating cardiomyocyte
proliferation and cardiac angiogenesis [ J]. Nat Commun, 2022,
13(1): 6371.

HORTELLS L, JOHANSEN A K Z, YUTZEY K E. Cardiac
fibroblasts and the extracellular matrix in regenerative and
nonregenerative hearts [ J]. J Cardiovasc Dev Dis, 2019, 6(3) .
29.

LI H, BAO M, NIE Y. Extracellular matrix-based biomaterials
for cardiac regeneration and repair [ J]. Heart Fail Rev, 2021,
26(5): 1231-1248.

BASSAT E, MUTLAK Y E, GENZELINAKH A, et al. The
extracellular matrix protein agrin promotes heart regeneration in
mice [J]. Nature, 2017, 547(7662) : 179-184.

CHEN Z, XIE J, HAO H, et al. Ablation of periostin inhibits
post-infarction myocardial regeneration in neonatal mice mediated
by the phosphatidylinositol 3 kinase/glycogen synthase kinase
3B/cyclin D1 signalling pathway [ J]. Cardiovasc Res, 2017,
113(6) : 620-632.

WU C C, JERATSCH S, GRAUMANN J, et al. Modulation of
mammalian cardiomyocyte cytokinesis by the extracellular matrix
[J]. Circ Res, 2020, 127(7) : 896-907.

DEL MONTE-NIETO G, FISCHER J W, GORSKI D J, et al.
Basic biology of extracellular matrix in the cardiovascular system
part 1/4; JACC focus seminar [ J]. J Am Coll Cardiol, 2020,
75(17) : 2169-2188.

KORF-KLINGEBIEL M, REBOLL M R, GROTE K, et al.
Heparan sulfate-editing extracellular sulfatases enhance VEGF
bioavailability for ischemic heart repair [ J]. Circ Res, 2019,
125(9) . 787-801.

MARIN-JUEZ R, EL-SAMMAK H, HELKER C S M, et al.
Coronary revascularization during heart regeneration is regulated
by epicardial and endocardial cues and forms a scaffold for
cardiomyocyte repopulation [ J]. Dev Cell, 2019, 51(4) : 503-
515, ed.

MUKHERJEE D, WAGH G, MOKALLED M H, et al. Ccn2a is
an injury-induced matricellular factor that promotes cardiac
regeneration in zebrafish [ J ]. 2021, 148
(2): dev193219.

EL-SAMMAK H, YANG B, GUENTHER S, et al. A vegfc-

Development,

Emilin2a-Cxcl8a signaling axis required for zebrafish cardiac
regeneration [ J]. Circ Res, 2022, 130(7) ; 1014-1029.
INGASON A B, GOLDSTONE A B, PAULSEN M J, et al.
Angiogenesis precedes cardiomyocyte migration in regenerating
mammalian hearts [ J]. J Thorac Cardiovasc Surg, 2018, 155
(3): 1118-1127, el.

YAHALOM-RONEN Y, RAJCHMAN D, SARIG R,
Reduced

et al.

matrix rigidity promotes neonatal cardiomyocyte
dedifferentiation, proliferation and clonal expansion [J]. Elife,
2015, 4. €07455.

NOTARI M, VENTURA-RUBIO A, BEDFORD-GUAUS S J, et
al. The local microenvironment limits the regenerative potential of

Sci Adv, 2018, 4 (5):

the mouse neonatal heart [ J].



rp [ A BE 2 A s 2024 4F 2 H A 34 555 2 Chin J Comp Med, February 2024, Vol. 34, No. 2

153

[83]

[84]

[85]

[86]

[87]

eaao5553.

CAO J, POSS K D. The epicardium as a hub for heart
regeneration [ J]. Nat Rev Cardiol, 2018, 15(10) ; 631-647.

QUIJADA P, TREMBLEY M A, SMALL E M. The role of the
epicardium during heart development and repair [ J]. Circ Res,
2020, 126(3) . 377-394.

SHEN H, GAN P, WANG K, et al. Mononuclear diploid
cardiomyocytes support neonatal mouse heart regeneration in
response to paracrine IGF2 signaling [ J ]. Elife, 2020,
9: e53071.

DEL CAMPO C V, LIAW N Y, GUNADASA-ROHLING M, et
al. Regenerative potential of epicardium-derived extracellular
vesicles mediated by conserved miRNA transfer [ J]. Cardiovasc
Res, 2022, 118(2): 597-611.

HAN C, NIE Y, LIAN H, et al. Acute inflammation stimulates a
regenerative response in the neonatal mouse heart [ J]. Cell Res,
2015, 25(10) ; 1137-1151.

LL'Y, LI H, PEI J, et al. Transplantation of murine neonatal
cardiac macrophage improves adult cardiac repair [ J]. Cell Mol
Immunol, 2021, 18(2) . 492-494.

WODSEDALEK D J, PADDOCK S J, WAN T C, et al. IL-13
promotes in vivo neonatal cardiomyocyte cell cycle activity and

heart regeneration [J]. Am J Physiol Heart Circ Physiol, 2019,
316(1): H24-H34.

[88]

[89]

[90]

[91]

[92]

[93]

[94]

BO B, LI S, ZHOU K, et al. The regulatory role of oxygen
metabolism in exercise-induced cardiomyocyte regeneration [ J].
Front Cell Dev Biol, 2021, 9. 664527.

MOHAMED T M A, ABOULEISA R, HILL B G. Metabolic
determinants of cardiomyocyte proliferation [ J]. Stem Cells,
2022, 40(5) . 458-467.

PUENTE B N, KIMURA W, MURALIDHAR S A, et al. The
oxygen-rich postnatal environment induces cardiomyocyte cell-
cycle arrest through DNA damage response [ J]. Cell, 2014, 157
(3): 565-579.

EGHBALI A, DUKES A, TOISCHER K, et al. Cell cycle-
mediated cardiac regeneration in the mouse heart [ J]. Curr
Cardiol Rep, 2019, 21(10): 131.

LIU S, MARTIN J F. The regulation and function of the Hippo
pathway in heart regeneration [ J]. Wiley Interdiscip Rev Dev
Biol, 2019, 8(1): e335.

TAO G, KAHR P C, MORIKAWA Y, et al. Pitx2 promotes
heart repair by activating the antioxidant response after cardiac
injury [J]. Nature, 2016, 534(7605) : 119-123.

MAGADUM A, SINGH N, KURIAN A A, et al. Pkm2 regulates

cardiomyocyte cell cycle and promotes cardiac regeneration [ J].

Circulation, 2020, 141(15) : 1249-1265.

(%5 H #3)2023-06-06

(L% 4 7R)

[22]

[23]

[24]

[25]

[26]

[27]

KUCIA M, JANKOWSKI K, RECA R, et al. CXCR4-SDF-1
signalling, locomotion, chemotaxis and adhesion [ J]. J Mol
Histol, 2004, 35(3) . 233-245.

ZRPEOL ) SRR, MERL. FOR ORI AR 2 A OC(E 5
WroeskfR [J]. E R EIRGE, 2020, 30(2) : 121-127.
LI D B, ZHOU L, SUN Z Y. Research advances of premature
ovarian insufficiency-related signaling pathways [ J]. Chin J Comp
Med, 2020, 30(2): 121-127.

CHON S J, UMAIR Z, YOON M S. Premature ovarian
insufficiency; past, present, and future [ J]. Front Cell Dev
Biol, 2021, 9. 672890.

PRFIL, HZEA, 7o, % BRAMIERA 2N RETT
HEL IR ()], R RRE, 2017, 52(9): 577
-581.

CHEN Z J, TIAN Q J, QIAO J, et al. China expert consensus on
clinical diagnosis and treatment of early-onset ovarian insufficiency
[J]. Chin J Obstet Gynecol, 2017, 52(9): 577-581.

VEJII, 00, $8%2, 5. ZRE D IRIBO B A MR SE T RE AN
Z/NELREI [T, T, 2020, 42(5) ; 1180-1186.

XU W F, SU J, WENG L A, et al. Effects of Yunkang Oral
Liquid on mice with premature ovarian insufficiency [ J]. Chin
Tradit Pat Med, 2020, 42(5): 1180-1186.

DUTTA S, SENGUPTA P. Men and mice; relating their ages

[J]. Life Sci, 2016, 152; 244-248.

[28]

[29]

[30]

KI5, TR, T, 5. ANBIRRTRURLIR i L PE IR S ) BE R
SR ALK LU SLURLAN A AL S (0], iR B2k
27k, 2022, 46(3) ; 365-372, 378.
ZHANG F, DING Y, YU X, et al. Mechanism of Bushen
Yangjing Granule in regulating apoptosis of ovarian granulosa cell
in model rats with premature ovarian insufficiency [ J]. J
Shandong Univ Tradit Chin Med, 2022, 46(3) . 365-372, 378.
BRIGEZE, RS, . U A R R BIA YT AR AL
HIRSERATTE (1], AR BEZ 2T, 2022, 40(7): 145~
149, 271-273.

CHEN F R, ZHOU T, SHANG K. Experimental study on
therapeutic effect and mechanism of erzhi pill on rats with
premature ovarian failure [ J]. Chin Arch Tradit Chin Med,
2022, 40(7) . 145-149, 271-273.

thag R gai gy SR S B L & B oy, MEMEAN 2 )
PRI s (W 3) (], PESER TR, 2018,
24(19) . 25-30.

Traditional Medicine

Experimental ~ Pharmacology

Medicine CAOC.

Chinese
Professional Committee, Specifications for
preparation of female infertility animal models (draft) [J]. Chin

J Exp Tradit Med Formulae, 2018, 24(19) . 25-30.

(Y%= HH#3)2023-04-28



