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Recent Advances on Cardiac Proliferation and Regeneration in Model Organisms

PANG Meijun, ZHU Xiaojun*, XIONG Jingwei

(Beijing Key Laboratory of Cardiometabolic Molecular Medicine, Institute of Molecular Medicine and State Key Laboratory of
Natural and Biomimetic Drugs, Peking University, Beijing 100871, China)

Abstract  Ischemic cardiomyopathy post myocardial infarction has become a major threat to human health.
Unlike adult mammals, some fish, amphibians and newborn mammals can achieve perfect regeneration after
cardiac injury due to their capacity of cardiomyocyte proliferation. Thus promoting cardiomyocyte proliferation has
become a promising therapeutic strategy for ischemic cardiomyopathy. Here, we present a brief review on cardiac
regeneration models in animals, and the key cellular and molecular mechanisms on cardiomyocyte proliferation and
regeneration. Finally, we summarize and speculate future research directions to provide concise literature reference
for both basic and clinical research scientists in the field of cardiac regenerative medicine.
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Models: zebrafish (apical resection, cryoinjury model, genetic cell ablation model) and mouse (neonatal apical resection) heart regeneration model.
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Fig.1 The heart regeneration models
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The secretory factors include Periostin, NRG1, IGF1/2, FGF1/2, WNT, etc. The signal pathways include IGF-PI3K-AKT, Wnt/B-Catenin, Hippo-YAP,
FGF-MAPK, etc. Brown arrow stands for inhibitory effect and red arrow for activating effect.
E2 FSOAAEIEENE SRR

Fig.2 Major signaling pathways on inducing cardiomyocyte proliferation
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E2F andTBX20 up-regulate expression of cyclin A, cyclin D, and cyclin E to activate cardiomyocyte proliferation. Tbx20 induces proliferation of

adult cardiomyocytes by inhibiting the expression of MEISI, btg-2 and p21. MEIS1 activates p15, p16 and p21 to inhibit cardiomyocyte proliferation.

GATA4 activates cyclin A2 by up-regulating the paracrine factor FGF16 to promote cardiomyocytes into the cell cycle. HIF1a represses ATF4 and

p53 to promote cardiomyocytes proliferation. BRG1 promotes heart regeneration by repressingcyclin-dependent kinase inhibitors through DNMT3ab-

dependent DNA methylation. Red arrow stands for inhibitory effect and green arrow for activating effect.
B3 #REFETOHAMILE

Fig.3 Transcription factors regulate cardiomyocyte proliferation
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FEAL KT, BE T P Cdkn 1 CHA %% 5%, MM 32 4=
b B G L LA PR P 3R O

HIF a2 — Fl i s DR 5, w8 755 48 A T k40 1)
ST T HIF o O JULEH i 384 58 A R A 78 R,
TEPE S O EYIRR G, 72 AR PRd 5 20 1) B A7 5l
B, PIHIHIF Lo Zh B85, /O JULZH A 38 58 Bt 40l 148 17 T
VRSO I AR, I BHIF Lo B 00 JF A i 7R

FROCEE R I A U, HIF lod@ i B 8 B 20
SR 1L M A A BT pS3ATATFA(E 5 1% 7,
AR 32 JUR JiE B o LA o ) 3 5 1 (13)
34 ESEBRIFE
fEid 222054, KT PI3BK-AKT. Wnt/B-Catenin.
Hippo-YAPFIJAK/STAT 55 518 i 75 0 L4 o 38 5
R E WA R ZHGE . PIBK-AKTZ 41 A 15
GG AT, M AR AR B T2 e RO AL
AL A 70 B, PIBK-AK TS 530G J5, FLRAI R EE
WA 22 5 248800, CoVLA0 B B ™. Wt/
B-Cateninfg 5 1& T2 1 15 0 I &K B M AL R 1) F
PR S F@RZ— . Wntf5 SHIH AT DS BAE /N
SO BE R 197 5 B I D e . LA ] Co IUAE K B4
Al RE S Ca KPR A2 O, X2 A4 Hiwnt(5 5 1%
FH—#B5r . Wntf5 5 1% 5 0 LUl it PKB/AKTHIGaq
SO VLA B T AR IS o 8 A RSO 40 it T DLadE
1 B-Cateninfie 3 M5 A= il . Wnt{5 518 % 1] PLEZ IR &
e B A B P 23, AT 50738 o I 2 A4 A FD 240 B 4/ D it
ZHERST, Ak, Wt 77 553 DR i 5% Wnt/B-Catenin
55 % T B2 H I GSK3bifs T 4 il 1 N SHA A3 I
O JULAH B B, s O LA B R 3 5 . 76 /DN B e
FRGSK3b2x 5 B0 LA M ik 3 5 5 | e A JE 0 UL
Ji7, Hippo-YAPAE 5@ B fEdE 1k B2 PR5F IV, T
Sk, WU L A E T HippofE O HIER B « i
O LA AR TP A R W OCBEPE . (E R & AT,
Hippof& ‘5 1% T i ik 1] Co JLZH B 384 5 DA 4% 4 00 i
(R 24 KNS, IR R B I R, A O I R oRR S
i Hippof 5 1 #% o 1 B 73 Salv(Salvador) J&, «CJllL
Y B 2z 3k B AR A T O ORT A e, O
JE K B I AR R Yap ik 2k 2 T BUU] SR 0 3 BE AR
PAKJERAZETZUS . Ak, Beil ik 38 7, Hippo XU
TYap5UE A R EBE-HE A ESYWDGCLL I
2 1 25 1 AgrindH AR FH R R 50 LAH B SG 5H, /D
RO S5 45 T Agrin i) AR 3E O I FAE BT AL AT
F & 7~, DGC(dystrophinglyco protein complex) ] £H
W5 2 —DAG1(dystroglycan 1)5 YAPZE & i)
AR RS 58, 1 Hippo 7| &2 YAPHE IR 1L, <145 DAGI
5 YAPZ [a] ()&, $ailCoLA0 B s 5, By DLs 4
HIDAG1 HHippo ] LAH YAPRE B 11, 230 L
NG, JAK/STAT(S 5 il # 2 50 JIE £ % D)
FHRIAE T IE g 2 —, fEBE I T 4245 5k
SO WU S5 O L2 B 38 5 a0 AR IR T 1S
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UL

I, FE /N BRI WL AR AL R IR, O LR A4 1Y
WA E A O LT B 38 i STAT3 58 3 128\ 401 it J&
BEAT AT SE L. FH A A bR EKi-67 1
Aurora-BH % 56 R I, 5 ELAG ) BAZ O JUL 2 sk
N B A R AT A A 2. Al iz B )
#7(fate mapping)idt — P HIESE | STAT3AM & — Fp i
P DR L3 72 Wi 7L 2 A0 RS O JUL 4 8 1 A 4%
BRI FEI(E3)
3.5 microRNAsifEiE

miRs(microRNAs) & —F/NIIEGmIZRNAs, 7E
IEE R RIS, gERF OGRS RIE T HEE
TER . AN BR O LA P2 A miRs 1Y e 8 il Dicer 3
DRl B ok 3 B0 sk B OO U RO Jy 3 . 8RB0 T
T8 35 DICER KA A IK, 42 /RDICERAImiRs7E
IR B AL J) 28 i B AR RO, i md
HIh 6 I 1% K B1204FhmiRs A 2 3k 5 A 0o UL 2 g 38
B, 33 1hmiRes AT 1] L 200 L 4 B 17 A 5 1 40 B A
o HA40FmiRs7EDNA S Hill i o 24t 3 1
HEVEH, AmiR-590F1miR-199ar] {3k # 4= /) B Al
FSCAFE /I B L a3 N 200 o ) 440, R 3o UL
M5, COUBEZE )5, 3563 miR-590/199a4> il 0 I
AR I 2 O IF ) BERT. miR-17-928TmiR302-367
I miRNAFE 1 2 IR J B 35 R0t A= F5 o0 JUL 200 1) 3
BE . miR-17-9238 i 34 hCDK 1 4 ik A ik ple 5 0 UL
Y XG5, X PP AE I SPTEN A 8, 78
KB FEF, miR302-3672 O LA i 38 42 f 4 75 (A
F, 1E AR O A A miR302-367 1) LAy b O AL
FEFE 5 AT AR o SR, 3 800 i H RO LA
MLl LR IR FIIRERCILS . HimK
&, miR302-3674E [A] Hippoid % I MstflLats i i, %
B miR302-367X 0o UL 4H A 5 87 A A 0 1 755 28 /0
4338 i M Hippo s 515 38 A2 Al RAE /N B 0o JIE 22
AT RS A5 FLF AR, #HImiR-15 5 AT LA R0 L
SHM IG5, PN OISR, SaE O DR, R/
SRR 4 S B miR- 15 HT-miR AL H R VA T 7
ARk /b sl if FEE v S AR AR T AR, % B RTIR, IX 4
WFFE R B, $E ) miRNAs{HER & 75 SO T8 Z i F2E 1
— P A& YR IT SRS (E13).

4 RBE
o A B B 5 O LA B B 2k, th B0
HOCIEE . R b, B AT U ST E T B

EHAYT. =R EEA CIERETAR
o AEPZEEEAN. AT ST B R ae ik
S5 ML P R VA B A O WL T P D R, T AN
BESBERCEIRTERT 0N OFFEAE T ARAAF
D G HE R IR NSRS ) PR TR R . 4
FERE A2 53— P n] DA 30 BE 45 5 14D JUE 2 g
() SR o X b 7732 32 AR T- IR )i 4 Jf (embryonic
stem cell, ESC)a(i% T £ Uy e + 40}l (induction of
pluripotent stem cells, iPSC)JE [7] 7344 Ji O A 1T ¢
T-A MO 8 2 i g R Bow, FIH
% 5 ¥ B0 5 T WIGATA4. MEF2C. TBXS.
BMP4. bFGF% AJ LA s ARt K Jok il 2F 42 . I
A 40 1 555 3 A O BCEGC LRE 4 L, AT AR
35 O L2 B P AR S 1 B a2 P20, (E 2 H RS S
O LA B 7% A8 3 /)N RS B WD AR A A7 E A7 05
ISy ARAE S 18 30NN R AR B G DL SR D EREAS
T 45 0] R, AT 12 SR 0 I T B ) G AR AE AR
KRG BEAME T E I 2208 FH A 2 TR BRI 2
—ANET I S 2 Al 2. 20084F A i 5T 3 22
BT A 4 I A0 M SR I 1N O P, H %
HWE H TS A . Ak, a2 R RS
=2 TR IVE O ARG v W Rk iE . A
BEAEOHRE T T DA R BT SR
JR 5O E . AN EE A B s ThRe O
e NN 7/ e e ATy 2 =R O R BB AN
Mo 5 kL5 G T B SRS R . SO L
1L 200 P R IE T AN AN 5 & AT P i Ty e, O Hoo %
240 R L ) A B AT T IR NI 7T, H AT
B 58 e - R AL R R HEAE FH I B s DR 1 S o
RAR T HMIE L LA 0 AE BB R 3 D el ]
T JC R 72 O JIE B P U 320 2 W S 1 o UL B i IR
TR 26 2 ), 5] O R R B A
WAL B I B i — R .

I SV A R 515 5 RO L4E L B
PR BT TG B A 7 AR I AR PO WL LRI AT Y S
W&o TSR B DAL T RO LA
W TS T AP . S OB E T EA
I L) S0 T 1) A RIS 3 AN T R B,
{ieBei T Waate o <RI 2 T INITITR s A Y BT AT
FOThRE, WO KR . DRI 5 5 B ) O L 4H
MIIGTA LS 51 SIRAT W 3N T I KA ROl 1&
BITERUAT /D, BABZMET, XG0T
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CIDAE I i Y 2 e S I S I Y
T A% 366 50 BV S0 UL B B s 77 T e e —
FRTAT B0 IEAE B NS . SR, KO0 JIE RS 7 12 5 25
BRSSO I T 1 PR 7 ZEER AR, R 0 A 5
ISR AERIBUR I . O FMIBEIG 71385 40 B A1 R 7
T RIB A IR EAE B A T8 SRS . 2RI R — T
T FEAR 1 S AR A0 R R 8 IR RO W] REVE, 5 — T
T 35306 10 2980 2 A2 6 303 14, AT AR 17 R 2 Rl ) T
RETE . SR BRI IZ B AR AT AT RE AR Lo VLA R Y
HhAE . JEMeh, B BT HTmiRs O I R 37 SN B =
LR Rr AR AR H RTAR 22 3% 0 LA i 1
FERIE STk ek B, HRIXEEE S I 2 18]
R F, MRLE A& F] DLA ROk HE T 5 0 UL 48 5
FRITT IR, Qo4 ) o JUL 200 S0 5035 (10 2 J5E 25 AR 5K ] il
PR R RIE. BANER T LA, A R AR
ST LA T 2 4 P AT B A P S5 R
5 O EE DI RE AN BT, PRIR 755 R
PhCo JULER M 15 FEE IR T 0 S SR IR A AR A 1 L
o
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