i E A AE Y 2424 9] Chinese Journal of Cell Biology 2022, 44(8): 1520—1528 DOI: 10.11844/cjcb.2022.08.0008

TE, PRV RFHAPFRARFR IWEFRZTZ. ALREURE. D
REZMAMARE, AAXERE. FRES LAY ERREFHR R4
LREEREFNEGKEETNARGECREN BN E 2T INE. FtR T maE
A e A A LA R E A DLRILA 28 R B - A g %

YapEMFL SR BE RS B B E PRI R

FHA TE*
(e R ED TR 5%, S 7R 5 S B T A5 %, IR 430070)

WE SR, WERTESARERSEORGARRTZATALER. RIRGL, B
P OIEAKR N AR BB 6E S B AR AR — & 257, SRR KRB AT B A8, I IEIR1G &
TABATAMEM A K, BT REARAG B BT/ E AL ST A B 4015 AT 69 B K-, AKX
B S FE IR AR AT AR S A IR B 6915 A A B A AR R o T AL, sHIE R MR R R AR %
#9485 F L. FFR LI, Hippoil B4 6945 0 4% 42 5T Yapat fm e 38 58 e oA LR & 209 A 45 4%
R, e ol AR B SAT AR BAL, BEFALE T A BTN RALE, ZLEENE
T Yap B F A2 Sk, Al R Ao T B A i A2 P 694F B R LR AR AL

KT Yap; 24 E FAE; OME; AT, FEE

Advances in the Study of Yap in the Regeneration of Mammalian Visceral Organs
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Abstract  Injuries and diseases of internal organs such as the heart, lung and liver cause significant damage
to human health. Unfortunately, a certain variation of the repair and regeneration abilities of different organs exists
in mammals, including humans. Among different organs, the heart has basically no regenerative ability, the lung can
regrow compensatively after injury, and the liver can be restored to a normal liver-to-body weight ratio after injury.

Studying the molecular mechanisms of repair and regeneration of internal organs such as heart, lung and liver in
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model animals have important implications for clinical treatment of related diseases. It was found that Yap, a core

transcriptional regulatory molecule of the Hippo pathway, has important regulatory roles in cell proliferation and

differentiation. Hippo/Yap, can sense and respond to various microenvironmental changes after injury, initiating and

participating in the regeneration process of several organs. This review focuses on the role of Yap in the regenera-

tion process of heart, lung and liver and the underlying regulatory mechanisms.
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Fig.1 Signal transduction process of Hippo/Yap pathway in mammals
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After myocardial infarction, mechanical cues, extracellular matrix and OSM (oncostatin M) secreted by macrophages activate Yap to stimulate cardio-
myocyte proliferation and promote cardiac regeneration. In addition, activation of Yap in epicardial cells recruits regulatory T cells and inhibits cardiac
fibrosis. Solid arrows indicate direct facilitation; solid flat lines indicate direct inhibition; dashed flat lines indicate that the specific mechanisms are un-

clear.
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Fig.2 Activation of Yap after MI (myocardial infarction) and its role in cardiac regeneration
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After PNX (pneumonectomy), altered mechanical tension and S1P (sphingosine-1-phosphate) secreted by endothelial cells activate Yap and promote

AT2 cell proliferation and differentiation to AT1; BMSCs (bone marrow-derived mesenchymal stromal cells) can ameliorate acute lung injury caused by

SM (sulfur mustard) by activating Yap; and LPS (lipopolysaccharide) released by intestinal bacteria inhibits the proliferation of lung endothelial cells.

Solid arrows indicate direct facilitation; solid flat lines indicate direct inhibition.
E3 FYIFBRARPNX). KIEMIRGGFI YIRS YapaUBUE R EEMAE B £ F8ER

Fig.3 Activation of Yap after PNX (pneumonectomy), inflammatory injury and drug injury and its role in lung regeneration



FHWNBEE: Yap £E FLah Y A IEAS B 1545 P BT Ut e

1525

FE A M EE R N S R
AIE S A 2R PR AR IR R B I ERAS o Ao
BAFREI, FEAE B SR AT 45 LB G B B, 1%
IR RS A= BuR: Lk NN A R PA R R S
%7 Hippo/Yapifi B A /2 /i 2 IX W R FHAF 1%
O RE SRS E RN EH S AL RS
NGNOECT I

JHRESA Ja , H T LA 2 1) — R 8 23 1 4|
RO R I 5 S AR B N — DN E R ARIRAS, WL
LTSN P A OCHE, TT Yap o2 I AR
HRRCA RN T HIARZR 2R - A1 i B B RN 41 B B G AR 1)
KEEKT . 76 PHx)G, FIRIFM &S T AME ] #
Jik ML, B 20 77 AR PR B ) R0 s 7 B ik B
PR E G RAA RN 30, [ 15 ECMR A= B R, A
MR 74 S . A #EH, Yapn]
DL 2 F-actinf B R WLER 25 5 9 1AMV I
G B IR 3 Tk RO, B8 S € A A 4 B T
Uiy & 2 F-actinf¥) X380 AUV 20 £ 13 B 28 S8 B 1
(1) 77 A2 240 Az O 40 i 5 B Rl o-catenin
2 o2 T EUULSh B A0 M F 4 3K L OF RO 4 i
B, E WORH BRI R AR BY . et iR &
W) — A B 2H 1 4 Arid1a(AT-rich interaction
domain 1A)fi£3t Yap5 FFHEAH4H L (liver-progenitor-
like cells, LPLCs) & #E2 [K 1) 45 & DAk SR 1 4 A
FREAIS LPLCsH K [ 5 A A P i P 2R T R
o, TGFBH Yap 8] i AH HLAE FH 22 il S0 48 i o A=
FAUT EMTHI SR, JH- 20 B s S 14 s o Yap m] LAk
D EMTH) & A B 20 AN AE Y b B 40 i (biliary
epithelial cells, BECs)7E T 55 o i A= v ok 4% 8 22
YER o k% AT 5 28 0 R A JHF A A A A v b R
I L ) B A0 L0 BN, Yap {5 = WA A B R
F% (bile acid, BA)i%5 5, /& BEC/E 25 T BAR /735
(R BEO A, 02 JFF A O AE 45349 S5 B8 2 A2 9 IE Y
FELZAH 0 1 o0 B S Y . Yap & 5 78 S IE 40 4 i i
5E LI BR BN JH- 4 A58 2 R BN AS SO, o -4
05 JEL Y b S 0 i A0k 22 A A7 A U P A B 75 D
FERE AR B RS A T, IF B RE T 1
AR AN R L R R R I . o
TET1(tet methylcytosine dioxygenase 1)/ 5% H
FEAk K H Xt ErbB/MAPK Al Hippo/Yap s 51 #% 1
502 58 g1 R4 40 I wT SR B R 1 N O
71 S A T P AR SN 7 1R R B LR 2 — [

RS0 )5, AUk 2k 2% R0 41 Bl 28 0 A 15 (1 4%
WS T YapIfis 3 HAERZ N KIE, 1E YapiFib 5,
JHF A 440 A 2 1R 25 o Tl ERr g N2 S5 B ./ PHIx
JG 1K, Yap R B@ i #L M CTGF. CYR61RIAMOTL2
() J3 B 1 FFAR3E AT % S A A5 - 4 1 1 3 5 R
JIPOE G 58 FEPHXIG 7R, M/ B E 42T 1R K
/N, [E I Yap A% aE i e HL A 5 DR 3 08 ik & 31 IR 5
IR, LR S WE AR AR, Yap P30S A /44
HAEAFAE — DAL A7) 2. PHxJG
10 3 A 2 B B B A 3R AT YapRi S b DL A d
b I 147 86 % 1 1) ok 2 ST 1) JH S v 15 A R B
Yap o FH-4H i 25 5T 1E O\ 40 1 R A ek S 22 Ok
LAV 20 S ) — R R R R M R E
Tl PR I3 5 {4 #5112 1 A (protein phosphatase magnesium-
dependent 1A, PPM1A/PP2Ca)s2 Yap /) H.#2 A1 K 1E
e, B nT LB R YapfE 12767 (S127) /)
WERR SR, (2 2E Yap 10, FF HaxX il bR 1E FHLE
Y B AZ AR A1 5 AT AE D o SR A A T A 1 B 7
WO 524K (peroxisome proliferators-activated recep-
tors, PPARSs)#{ A A A& Yap ifil 4% 18 58 1) — A E E P Bl
#, E R LLS Yap A B AR A2 2 v s ik X B
JHF 210 B S DGR ) fk X ] Bl ) JH- 4 B 3 % . PPAR«
F ELE L B IRE S Yap A% e AL 18 1 R i
R (CTGF. CYR61MIANKRDI) VL Je 38678 FH % 25
1 (CCNA1. CCNDIFICCNE)f 3k U, 41 Zh
B IR a-catenindi 2 v S BUF AT 5 A8 1 FE A Yapid
PO, 145 40 B AR RN G A MG 0, B a5 BUH R
AR D81

2 2 O BG B 0E T REE FAE E AR R R, (H
ANBZ A3 ) (1) 3G B ST 2 450 5 U /4 LA 1 - 1 O
RO bR A JHF O B P4, A 2 P ek ) 4 38 B
MG R E I R A IR S, AR
KRB — 2, AR X &G — P WAREVF 2N A
R A, H Yap#\ A2 B b I R AR K ) 0%
BIHEE . YapMI NR4Al(nuclear receptor subfam-
ily 4 group A member 1)7E JH I F A8 I F2 R A7 AE—
N A R . 24 Yap IR IE K&
i), NR4A1{E 4 Hippoil #% (1] — AN 5, 3@l 15
NRAAREE 55 . B ER AL AN o 4k 52 o v {2 T B FiF
AEFIMIETE R, Sk, 4 NRAA T FRIE K- =i
B AT AR 9 Yap 1) S Al SRR A gk FE P fige, AT 0
il Yap 78 JH U P A A A R e i Th RE . IR



1526

SRR - SRR DA F A -

PHXx (partial hepatectomy)
N

Mechanical cues

ECM

Bile canaliculi remodeling

>
1
CTGF, CYR61, AMOTL2 |

p N 1
| |
| |
|

P

5
5
PPMIA & Aridla—>SWISNF
PP2Ca N Reprogramming
>
PPARSs > Ya >
< Cell cycle re-entry
Q
@,\&“ i TGFB
) @,f EMT-like
NR4AI

Yap/Yap target genes
' |
4&

|
I |
| |
I I
| |
1 | |
Hepatocyte I PR .
0h24h48h7d 14d

FERERR 2> VTR (PHX)J5, HUBER 22 AN 2T A1 58 57 2 Tl S0 Yap S SLBEEE R ) 2AA, FPAE/ VAR SR TR B2 8 1B 3 /K1 I, Yap Sz JLBEEE R RIE X =
T BB IE 6 7K LA Rl G S 60 1 I 5 U S A 907 1 R (A Bl SR B Sk R EL AR R T SR Sk R B AR

After PHx (partial hepatectomy), mechanical cues and extracellular matrix rapidly activate the expression of Yap and its target genes. When the liver

weight/body weight ratio returns to normal, the expression of Yap and its target genes decreases to normal levels to prevent uncontrolled hepatocyte

proliferation and tumorigenesis. Solid arrows indicate direct facilitation; solid flat lines indicate direct inhibition.
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Fig.4 Recovery of the liver after partial hepatectomy (PHx) and the role of Yap in liver regeneration
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