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Advances in Tissue Repair and Regeneration
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('Zhejiang University-Center of Stem Cell and Regenerative Medicine, Hangzhou 310000, China,
*Zhejiang University-University of Edinburgh Institute, Haining 314400, China)

Abstract Tissue repair and regeneration is one of the complicated biological processes and important
biomedical questions in the life science. Rapid wound response can be found in any tissue or organ, that changes a
variety of cell fate properties to achieve wound repair and regeneration by triggers endogenous gene transcriptional
regulation. Most human tissues and organs do not have the ability to regenerate lost one, however, many animals
in early evolutionary, as well as most plants, have strong regenerative capabilities. Through the study of different
model organisms, with the development of single-cell sequencing technology, through genetic tracing and in vivo
imaging, we are starting to understand the key cell types and underling molecular and cellular mechanism during
the tissue regeneration. This review will provide a brief summary of the key cell sources of wound repair and re-

generation, post-injury gene transcriptional regulation, and rapid wound stress. Due to limited space, we are unable
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to cover all the research studies in the field of tissue repair and regeneration.
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A: somatic cells dedifferentiate form pluripotent precursor cells, cells re-enter into the cell cycle, undergo rapid division, proliferation and differentia-

tion, participating in the process of repair and regeneration; B: somatic cells at the wound edge are directly transdifferentiated into another cell type; C:

after tissue damage, the cells at the wound edge are activated and re-enter the cell cycle for rapid division and proliferation.
Bl HRIG1EE MBS R X RMAERIR

Fig.1 The key origin of the cells in tissue repair and regeneration



H 5 A A B I B A AR Ut e

1683

FSCET 20 i AT DA g AR R (R 50T L RO AR BRI
KB, FI R, 78 A AR H 2 2 6] 1
PARER . AR 2 R T R F o
BOFI A A S, AR 25 AT PRI 5406 - 2 2 i sk
ATV A=, T A2 25 S (0 Mo W A0 st T R VLR 1 25
AR, AR, /I BRE AR o P AR A 52 1 R S
BELAIICST, T e 20 A6 b vh R B, R LI 1 R 2
[F) ] e AT £ — & B FE 1 40 i mp 2P0 T e Aok
MR 7L, 30 40 A B s A L Sh WD IR AL S A K
Pitx2 FH VLS A4 40 B, X 6 20 i % Rl 2R AL (1)
1000 A R ) B SR A B AR SR A T — AN AR IR IR,
s T RGE A TE, BARTERS B RS TS, JlI 4H f i%
AR, (H Y0 MR BRI R 7 R 3G 0 fa, e A28 il
10 R 2n i s % B 3R I A e VR i B R A
i By i e AEL 40 P, AT A A AN AR d i
EALZH A I R 4 R 1 OB B SR, sl A T R N,
JTCE ) 2 T AR Wl RE A R T B2 kR 2 B AR A
291 i (regeneration-organizing cell)™”, T b 1 5
A P A TR 5 T A R A 4 i P 2 20 AR T 1)
E 3L i (blastema cell) Y,

2 B5FEALAFERBENESER

Z 5 HA R E HARAE 58 B A
ORI, BRE— LR HLRIAb, AEF. AE A
2. AR B R 5 B X
2.1 WMS&EESERYE

5 LA Aa b, S AR Y RS AR
S EA AR EZ IR A R g, Bl 26
AT DL I T B — PR ARR R 2 2k B G A T R A e T 1
Ao BF IR Pl v R G B D IO A4 B P AR R A e, L
FE A ALTE 1 E R B8 5« Wat/B-catenins 574 5
T8 AR JHIAR T LA 4E M 78, R4 g 7E, &
L@ B S Y. Witfs SR S
UG5 TR T R VR 200 P 18 5 R s i 440 P
B . Wnt/B-catenin{s 5 7] LLifi i FGF 1 BMP{5 5
e IR RO R il iR AL R A AT A
(1) 2R A Sk B R B 1 # 2 6 F ARY, aE a  YY
5 M 24 i 52 2 A4 B KT b, b oo 3t 9 1 R 4
it 22 1Y 7 S 1 ke 4% ) B AR B i A2, CARFSDvl
M HAEH , DvIA] #4558 Dvl-c-Jun-B-catenin-TCF#% 3%
2EY), N #EWntf5 55 5. CARFE /R yWnt/
B-catenin{ 5 5% F A IE A5, CARFI R 3=

fig P A 7 B
22 JUERSERE
BMP. Notch. Wntbh X FGF% {5 5 i #% 4]
Z 5 g a R K E B, i ARy,
1 | BMP-5 Notchiff #% 44 41 i) B 4=, 11 #0EBMP/E
5l 4 (G IABMPAZ /R ALk3) 5% I I Notchiil #% (it
FILENCID) T P 2Tl B B AE AN B ) FE A,
B H R P AR 58 4 B T RE AR AEDY, e 2
FGFs#HISonic hedgehog 11 K, %8 ¥ ¥ fih 2 5 £
JC R B 4 R R B AR I PR AR SR, (R E 2
AR A R HEURE B R, R TR HER 3K
BHEE DRI IS & B IR, Ak, 78 AT R Bl
FEF AR, I8 BRI RN, JREBH S K 2%
1k, SROALE R 38 B 7K B AR B TA) 2 A 42 1 98 B R
/INo Yapl /2 JE P TCHE i 28 5 A By 4 75 19, Hippo
A% R B T TR ¥ Teadd 7E F5-2E At i 31 25 B4
R, S0 TGF-BI5 5 18 i 2= R B R P A BT b 7R 1Y
Totsi b B MR R, F0HA R 2 1 7 1 RS P50
2.3 ERERRR A EAE
MR IR A P AR S R T 20 N AN B, 0 A
Mg Bt FEEM. TBEREMEK. 18
e A7 1 i R0 R SV G TR RSt R v 4 B ) A s 2
220 M 2R B, Wnt. HippofITGF-B{E 5 % 5 /& tH 41
P A TR R A I AR, SRR, TGF-BIE A
Y B A E B R A VR Y, R el i A
B SR G 0, If Bl i BMPAIFGF (1 20 & Bk
PR I R AR AL B 22 T0 A5 5 3% I, IR T 46 K
H, (B2 H T EZ R, ¥k 8 Bk 55
() — e Jlz kA 4l 2149 11 s, S 36 4 o 388 5 5 04k
DL A S A SRR, e DA g b, A
()b B A G A% 078 2 i VD BRI 3R 1, Bl 2 AR, TE
J%, Tl i % % 1 (apical epidermal cap, AEC). {EMEUH
Hh, 0 Wnt/B-catenin{z 5% RIS RE TP A4 FF
AEBA, T AR R R H . Wnt/B-catenini® 12 Axin1 [ 411
7 BB R B R R A e K A A . B Wy
B-cateninfi5 5 BY E 7EWntf5 5 0E J5 28 52 F ] WL
Ji2 JiR A1 4 S ZR R IR, BB Wt/ 5 3% 5w DL )
Y AT #2, TS B B S B D A
R LEIR P, HhE 5 7E 1 79 e w5 Ak 7 AR i AR
s A sk AR o B W E A FE R /EH . Hh
AIWntf5 518 26 5 2 67, B AR, HhE 5%
AL T WntfE 5 5 10 i, Wnti® 12 F3H0E 28



1684

UL

IR FETCF4TE 11 3 1 3 GEAS 5 2K 4% ReHh ) 0
YEFBY, S Wnt/B-cateninfg 5 7% 5 5 $11 i) Ji 44 Fi.
A 3 T A1) R A 2 P 2 i A TR VR A T ST
211 R b Wnt/B-cateninfi 5 1] B8 7E A B AR I A2
R R SRR, KB T AN B RIS
B, e ] CAYR T AR B AR Fsh 2 S, TR RAETT
TR R BB B, BRT LR SRR Al R OB AS
KA,
24 NREFRRIREE
IR LA AE T 3 5T, (H 2 W AL sh i
HAFFEAIRESNI A H. nTRLHRE, A
FBL) LRI BAE N B — Leli FLBh W) 1 Bk IRAE 2403 5 g
g 5E AR . X RO T B AT AR T A
B IAAAE, T HIGTEIEI A 00, teAh, Sl i — I
W FLR I, X — I 7 75 U8 B b B 40 ) 22 S wnt
&5, MEE-14FAYE b 5% 20 fl o B-catenin ) 2% £ V£
SRR E /N R Bk u FAERY, B AR AR ER
7 H1 G ER A% B 52 1484/5/6(Lgrd LgrSFLgr6)fE
AR-spondinsff) %A, I HLgr-R-spondin & 54— it
T8 I 5 S BHL L E Wt SZ AR R ZH R 2 A, Lgr6m b 1)
/N ERBESR i AN e AR

3 PABMGRRARNES

S FPRAR A5 PR T M L A B 0y T R Bh Al
NEAT RN i is B AR R P AR I R . BT A i AT
AR R A SEELEI D A I RE . HRIE 2
G473 5 2= LB Wi, 40 P A S R R G
I Gt — v 2 M RE sl LB R S A D R RS
M. ZHH S T (B PIE LCo I FTIE  feh 2
VP B JBk 25 ) A1 A7 R AL IR 453 47 i L A2 R 5 A
S8R I 18 ARG 1 DX 35K 2 7 240 g RSk i 2
AN Fe WA, i 2 F) 25 L B0 R 2% AR A 5 B
5 BRAS A 5 S ZH SR AL, QB PR 9 A0 S e
A, B0 5 A i £ A AT B Bk Y
RERPEROR KIS . O™ E 2, S i
Wi I8 K 3 50 2 A i 1 S R A, T B R R R A
PR, A AE SR, B TS an e S 6145, AL e Al A
RNLHUR 3 — RV R B 05 11, kA%
B IRAS AR OO 05 42 R AR A Y A S A
FCIT TR 5, 3K A A BIF 78 AN A 82 3k 549
QI W AR T, AT SE PR A RO AE 2 4 1 fle it
B, IEH B TIRZIA B A iR R E . A

128 LS8 IR BB B f AT 5 3 R AE I AR A S A

E AR SR AE 7, 3 208 45 0 5 S P i
FIF TR D, 3 I DR A A A 5 0 1 v 245 5
ALK Y-, S 38 5 B bR L 45 485 s ) 32 17
DAMG I fe ] L 3045497 15 5 P o 2B 0 LUK 0 0,
WA BT T R MR . BEE BRI JE, 1B
0 T — 8 53 R A0 DR v )8 453 495 1R £k 51 2 AL,
ARG 5 PR s K () /N o - FE AR AR, 45477
PR R B g e R AR X B IR AT AT A 2 AR
Y, SR JEAE T B S AL i B A
FEL AR I 3 O A B B 20 2108, H R R R I &2 /04
o L 34347 e B2 R ) BT, LR Cat. ATP. i PR %
(reactive oxygen species, ROS) A I 2 ki {4 (F2)
3.1 HfREE51E S B IRIE N

585 1 LA AN R sUA7 A2 T 2L sh Wik A,
rEEREGN HEERT, 52 MARKPLE
WA R BT 2 S5HURG A R85y, 558 1
W KIS 5 & Fh A iE 3 IR T DL RS 5 A%
IR o 047 3 RS P 2 BB 52 P s i PR 51 R &
5 B 1 1) 4 B P9 I B 5 O B TR BE B DY, e
5GBS 1455 1 8 Bl R SRR 0SS, & R
B A HR N8 TE R R P S A R T
TF 5 20 fu JBE 48 52 0 R 10010461 32 15 % FiRho GTP
Bl BEEREE. I RS REAE T ST, ST
GRS R R4 AR R = 1 1 N e N i B B 0D K
JE 5 B I AR A BUR R BE AN E P AN [, (H 2 45 58
TG T RENE il & A A S L I AE VF 22 W b b 1)
FEORSE . M AH L1540 5 45 B 115 5 4% 3
FEALT- 20 PR ) B A, T8 A PN IR v A L PN A S T
WRPE, AT B8 2l o — OB 3 T g N 3 4 4 B
AT ) 24 i H 166701
3.2 ATPE 5155 M

AR T JE SN, ATPAE D 41 i Y 1) fe & 0% 1, (H 2
ATPHH A DUE A AE 5 73 T4 08 BE SZ A4 BT K0 9145
5B, 540 5 ATPYE NG 5 1 7= A 77 85 55
TR R T D AT AT, i i 4 B E ) A5 ATP
ity BB A1 £ ATP IR BT A, 453403 200 1 45 4 o 320 40 i
S 1 I a5 EATP= AR, A B4t g 4 5%
21 i J15% 368 S T AT P N T J5 AP0 453 4 R 408 48 i, 45
B TEET & T L& A SR H 2.
3.3 ROSH SHYPIRE I A L

2800 4 41 P 5 N ADPH % 46 i FTROS



Sl 5 A AR E s BB A R 1685

%, Co
( . —— Immune response °
o Ca OOCa ° o 0,° 0. ®
) a e oH O [
Wound / oo ATP »
\ Lahit
AL LN L.
Cell ~
membrane TRP channel Purm?r ic
recepto
,®
ATP®
00 Ca*
X"
Gap junction
Mitochandria )
Hifie)
Downstream reactions
Wounded cell \ neighbour cell y,

2SR AR L TRPIE I MU LU P 0% 8545 5, SIS AR EE— Al P T I b A B IR 1E 52 7 5| AR B RE T oA JEE 1)
BSES 17 I RE RS I S RHOZ R 15 1 = W ARG VR R T LA 8 (2R S5 i e ik b B RMB 52, 53— T 1t et N ok A 8 2 ok (A3 1k S
HCFAEHEHAUES . S5, §57 i e B i NADPH S L B (i BE et S0 0 A2 B 42 S A I, B RE3E 1 SNARES N 3 Y41 i AN HE ATPRRR Lo
B FILATP ] LA 3o 248 [ ] R4 e ™ BRI AR 41020 i o 0o S P 015 5 RO M 2R Vi 2, A 3 S P A i £ 1 XIS e 455

Tissue and cellular injury triggers an immediate Ca*" influx either through transient receptor potential (TRP) or mechanical sensory channel and induced
a positive feedback loop that involves the Gog-PLCB (phospholipase Cf) pathway. High intracellular Ca®* levels promote the mobilization of Ca** from
internal stores (through inositol-1,4,5-triphosphate receptor (Ins(1,4,5)P3R)) and are uptake by mitochondria. Increased intracellular Ca** levels promote
changes in the actin cytoskeleton that are important for epithelial repair by regulating RHO GTPases (directly or indirectly by altering RHO guanine nu-
cleotide exchange factor (GEF) activity). Ca®* also regulates the activity of the NADPH oxidase DUOX, which leads to increased H,O, production and
extracellular transport through aquaporins. Ca*" also promotes ATP release from cells by SNARE-mediated exocytosis. Ca*" and ATP can also diffuse
into neighboring cells through gap junctions. Together, this results in DUOX-regulated H,O, production in these cells. H,O, and ATP form chemotactic
gradients that are important for immune cell recruitment to wounds.

E2 AAMBEERGEAENRENRES, QEEES. ATP, FMRES URERARERHES

Fig.2 Immediate wound response signaling pathways
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