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Abstract

The ultimate goal of regenerative medicine is to stimulate the regeneration and functional recon-

struction of damaged tissues and injured organs. While mammals, including humans, only have very limited regen-

erative ability, amphibians such as the Salamanders and the African clawed frog Xenopus can fully regenerate their

lost tissues, such as appendages including the limb and the tail, in a particular period of life time. Here we review

the cellular origins and molecular mechanisms in amphibian regeneration, where recent findings have provided new

strategies for stimulating organ regeneration.
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SRR G, WA s, AN T
JEAFIThRE 75 IE % 88 5 o, HaZmEae il
T REA A . I, AT AT 2 P A 2 A
A NIRIT . TR, PR TNE (Xenopus) A AX,
TR A SR G N AT PR, ok ¥ F
AW S N A R A, JTOIS ) 7
AR D) B A LR B TR B 2K o G R SRt
JHE A A B W i m DA S A F AR, T G SO IR e £ B A %
AR 255 () AR W S AN AT AR X — P AR AT R
A48 JTOME F8 A TF 90 2 P2 R B AR R . Sl i 3
T AR TUES 28 5 2R IOIF 9T, B/ ] LA g 24 S IR
WE PR SRS .

AR, WILEA— HEU) TR RS o
THAE R A0 M0 By 1 R S LB AT AE 9, RN IR
AR Al M ke S s T P 2E 1 oy FHLE . B
i B 1% ZR 36 BRI N DL B B B R B R I R,
MIE-— PSR e B A . AR H AT e
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FAIF TR R AT TR 45 0R, I DUTME W i 75 42 5
S, LB WS AR S S A B T AT SO I LB P A
AR AR E .

1 BEALMEKIR

T WA S IR AR A AR T i, 52 40 A4 I 4 T 1
—NERR Ay FE A 2R AR BV S (blastema) () £ 74 /1 3
TR AR SRR, R4 A8 (1 d IR AR
S M S S RARET 2, T T B — AN R 1 R AR
B2, 2 B FFAE T s L2 40 AT ok 2 B AT
O] P A B 2 ) O R AR I, % I ) T 4 i
F&AH B4 Hf A 1 AR R 2 AT R
WIFTRNT, FEAEZH 2 b BT 40 I vl B AT =R ok
H 161 F1 B 3T 40 i 1) 25 43 At (dedifferentiation). 2K
H 1A 7] 28 8 28 5K 4 Ak 41 19 1) %% 43 A (transdiffer-
entiation) LA A 2K [ J% & T 4H i (adult stem cells)ak
T 2R PR 58 19 HT A (#H) 41 B2 (lineage specific progenitor
cells)o 1T HRIF) I, [F]— A A [A] 41 233 B 1) 7152 ]
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PR UETo H R T8 =2 AT SE R 40 MR ERAR IEBOR,
XAV IR PR e 52 . 319934, Brockes
S BG EUOA H A AR 4R 41 AR 52 WH(Notophthalmus
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BRI IR SE T WLEFHE 1) 2 A A WL L 2R AR
(R A A 5K — WL o A AT TR b e Sk % D' e
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TR ISR AR SR A . 2
Ja, PRI IR 3R b 2R 2% RUAS 1 38 2R O BB N Al
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{5 5 1 # 10 F5BMP. Notch. WntLl JLFGF!, ifij
T G 4 T B [ A S R s BT R P A A T
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WOEBMPA5 5 1 B (i 3 IABMPZ 1R Alk3) =k L 1
Notchill # (i F 1A NCID) A P 52 TS S8 i 71 AN B 3]
(refractory period, fif 1) J2 W J& 75 25 46/47 1 [A] AH X%
ANGEFFA) I AT FRATT B 5T IR R W] T FGEAI
Wtf5 5 38 2% 0 Wr 2 AR B SR, AT, 4
FGFIl i 11 & 1 K35 M FGF 52 A XFD s FGF 32 14 %
PUAISUSA02 1) 4F HI T Dy e F B ik, ik i} 1y 2 350 7
A2 TEEREAT; 2 Wntdl B A Wntf5 5 30 2% 910 6 R -1
1(dickkopf WNT signaling inhibitor 1, Dkk1)#I il i,
JE P AR AN e A, T I8 I /N 4y A S I BIOU
Wntf5 5 B Rk FF L2 05 AL 1 B-catenin B, 72 ANY
REfs FEAE, T HLWT 2 2 ik 1) 40 7 38 e (1 e 1y <32 35
W 2B AT R IR, i IS 2 R R TA )
S TGP ER, FRATT IR IR T IX HeE S i 1R AH
KA. MHIWntf5 = 1l 5 1 [F  BOSFGFE 5 18 2%,
Wir J22 ] LA P AR TS Wnt 5 518 2% 1 [H] 1 F0 6 FGF
5 W AN BE 15 A2 1k 3R X BMPHI i Flnoggin ]
I HIWnt X FGFAF 5 18 2 o AH OG- 1 ik, i
e gh LK% W, BMP. WntXFGF = 4 {5 5 il i &
BMP—Wnt—FGFZ PEHES(1#12). FRATTILAT S50 IE
P 7, ZRALH LB AT G TOMES BT B P A A7 A

Ho%5 R F 4% A6 4= K X ¥ B(transforming growth
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Xenopus tail

Tadpol tail muscle
labelled by PSM grafting

Wild type hos\ -

I

.

Satellite cells labelled
by late stage PSM grafting

Transgenic donor

(CMV:nGFP) =
V00N
Axolotl limb 530008

Limb blastema

Regenerate

S LRI 7T S SR e PR B P 2L U 80 B 2 TR VR I T LR G 351 Tl e P ) s A Py s 2L 20, oo B e A T IR 2
AMMACYRREAT S0 AT o T R, S A LA A A JVE e o RS2 R A T LA AT b0 R B LA A (i Pax 7) S PR AE LT 4 TGS T JE 7R 2L 8
By ACING . SEVGUEIT I A 25 25 R AN A A, PR 2L P X 2 U AU T AT ZHL 2 A iR A

Labelling of specific tissue types in Xenopus tadpole tail and Axolotl limb can be achieved by transplanting GFP labelled embryonic tissues into wild-

type embryos. The muscle tissue is labelled by PSM that contains satellite cells, as indicated by Pax7 expression. No transdifferentiation is ob-
served during Xenopus tail regeneration. Similarly, the limb blastema in Axolotl consists of various types of fate restricted progenitor cells that provided
cells for the regenerated limb.

B JTCHE BT B3 A 5 3 P R B B AE RO 2R A SRR (R 4R ST AR [37-39,42,45] 532, E3RIRIN)

Fig.1 Cell origins of the regenerated Xenopus tail and Axolotl limb (based on references [37-39,42,45], with permission)

SB 431542 Noggin Dkk1 XFD SU5402

1 1 1 N/

TGFB — BMP =" Wnt —>LGE

B-catenin BIO

E2 JEM TR B4 &S S B ER (IR IR S #R [47-49] B 32)

Fig.2 A linear signaling pathway operating in the Xenopus tadpole tail regeneration (based on references [47-49])

factor B, TGFB)1 24! 32 {411l 7]SB 431542 % ¥l TGFp
WA E R AR R EENEN . AN, T
PLBMP. Notch. Wnt X FGFii %%t W 2 61 [fi & & JF
Jo RGN, L TE RS () 2 T AR AR e 0k ) A 0 2
FE RS 385 110 TGFRIE 5 AN AE AR fe 5 10 10 ) 495
AR BORAE I, 76 R 3B AR AN R R i Btk
PR F /R . SB 431542 &b 34 Al 40 ) 15 4= 2
FEIRITE i LA S BMPA 4 48 555 (K305
22 BESHBAT

Levin® 5 % 5 I 7 40 B 98 175 Wt =2 7 2E i
VER o 778 25 7 5 A % o A K ) A R 1 A
A AL RS (124 WP 0 40 B 09 T 8 i 3 (caspase
3TN LR T, W7 R T AR A 2 B, W R ik i
(R0 AT 2 53 3478 /1 3R IR T A 40 i 2 3 i — 1

M G5 50 X 15 5 T e AL Wnt S % Bl
TE7K WS (Hydra) Sk 0 B 75 A2 i RS2, 40 M 12 ng B
75 T Wnt3a ) WA 4k M 52 M ZK MR AR A RS A,
FERRHIH ) B 46/4T I 72 68 B IS, B 2 ks A 212
0 B T R DX L R AR LT R, i
A S R v AR R R R T R A U
N2 B/ IR A1 L T3 AR TR 2
2.3 BERRMEEZIFE

AR, RMBAEAEE R #4852 1 &
B R WA BN EMW . B, ARG 1 TOWE i
Hishh JE 31 1 e B FH A T R 530 T shh KSR IX,
AT T W B A0, DNAR H 284kt FE 2R3 78
fif(DNA methyltransfereases, DNMTs)/\ . 7E Bt 1
£ )R8 A 520 v R BN, dnmit- 110365 B b ] S 55
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B I Bt B 1 A e ) g Y. AR R 2 LBk AL
1B AR 2 5 3 0 i F 2, Levin32 5 %P4 F1Beck
S F oy IR B, i 4H R 2 S AL (histon
deacetylase, HDAC)HF 1 il Wr 2 7 4= 4l & e 4k
R PR A2 ) g S 355 ) R A 1 A B RN U 2R 2
B B o P AR R AR S L I ST, 0
N TR I AR R 4 5 4 - LI A

3 BWESMEARKRE ISR

WIS W) B A4 W7 5 W e 1 AR i 24 H
PEE S AT B HH T RMIEE E A e
TEFLBh P LA B AN T . RIS
V)T IR AR B e — R R R AR, DRI AN A2 A 15
SHAETBMAEB . 18R s E
bR M P2 AR A Gl A K T B ) BB AR
X H T IO R} £ AR 288 2 T EROR R AT B0 1) B A4
A RE ), (RBHAE 2 (1 o0 Ak, IX—RE & i 2K,
ARG VYA G542, R R AE R AR IS 7= A A 4y
TRV R R T PR, R R 2R, AT
IR AR SR B P B 5 AR 1 2P U 22l 3
SLAFE N W B R I AT S B BT A W B A A
()4 28 S TC A SO0T W SR AT FEL R S . A e i D)
753 W P AR B HRGE AR S R BOIE AN RE A, A
6 LR I TRk SO P BT PR 17 S A BT v AN RS
YER o A HRAE R, T LU ik ok BT I 5 i v in &0 Y A=
A DAL~ AN F g £10 LA K o 28 285 i e sk W Ji P 24 985 e,
EF 1O E AN BT RS BT IR, SXof Bl A4 T g Py T
JHE AR JUAN AR A FH

b7 Pz P A ARG T 2 R T B, 1 2 A K R R
PR PRI R s Xo) TS DU P2 R SC R B,
FHERE )2 R R [ A B PR B R RE
{100 P A2 A4 40 B A 7 A2 9 e, T SR BT B 2 434k
S kR AR RE . DRI, FRATTIA A, AT AR
ZEHTAR AN MRS AR R 7 VAR P A o AT T I g
WS B 2 W A4 4 PR A 2 TS iy Ji B v, G B T LA
{100 B2 20 T A4 200 By SI T LRIl I A=

SEIIAZ T BT AR 1R 5 T 06 200 S A
i — & T BEWnt/B-cateninil 1 1) /=7 V% Bk DL A
AR (W1 Shh A Fgf10) )b 78, — 2 I 28 i A4 4 i
S LG 1) 28 A A A N I P e i, 497 o 4 i 5 4
At I SR A S N R 1 T (BI3A) . R TRAT]
Peids 3 B AR T 5 IR AT RS A — e 228, (A E

Fibrin patch with BCat* cells
shh & FGF beads, Tp4

ARk RS I 2 R P A e K i G AR L AT R R ),
FEREL N JCEE TS T I Sk s o L) 20 M o 0 P 2 20 R ) 6
Beat*: Wi FRIEFFLLIG LT B-catenin; B: 7 T4/ RN 15
FLAT G35, 1 AR B B A AN 2 1 (R R, BR =1 mm,

A: transplantation of a fibrin patch containing limb progenitor cells and
exogenous factors onto adult Xenopus limb stump. Transplanted limb
progenitor cells occupy the position of a regeneration blastema. pCat*:
expressing heat shock inducible constitutive active form of B-catenin; B:
a frog with stimulated limb regeneration on the left arm. The regenerat-
ed limb contains multiple digits, which are segmented (left). As control,
spike formation is observed on the untreated right side. Scale bar=1 mm.
13 RUBERIMN TR T A A A SRR (IR IE STAR[S91E 2L, EFRIFHY)

Fig.3 A strategy for stimulating adult Xenopus limb
regeneration (modified from reference [59], with permission)

L2 AN RAR HA R 20 19 (K3B), Hadsh 2432
e, HERIESCAThr & gdSs, BoR T 16X S8 A Ji A
AR T O FRATARIN, H ATk B 5 s
i T ) T A7 20 L A7 3 A T sz A PR B g, T
oK B Rk 2R L ) B A AR BE ) 1Al B IR H
AW A Be ), ISR E AR EL A S
ARG N PRI A0 B ) B, AT 1) 52 36 31F B Shih A
Fefl 0% A 1 PR (1038 I m] DL SZ 5 8% A8 16 11 44 40 i
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