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Newt can regenerate complete limb structures after amputation including
functional joint regeneration. Newt limb regeneration is achieved by two steps, distalization and
intercalation. We are trying to induce limb-regeneration ability in frogs and mice. In the case of
frogs, they lose the capability to achieve complete limb regeneration after metamorphosis due to the

loss of MFCS1 activity after metamorphosis, although distalization is induced. When we compared the
MFCS1 sequences between newts and frogs, newts were found to possess several specific sequences.
Thus, we subsequently swapped the MFCS1 sequences between newts and frogs using CRISPR/Cas9
technology to evoke limb regeneration in frogs. Although we have not yet succeeded in swapping the
MECSllgequgnces, we have succeeded in evoking joint regeneration in mice by artificially inducing
istalization.



¥ XL C—19,. F—19—1, Z—19 (d@)
1. WFZEBE S D 5

AT ORFF L, (DDA WNARFABGO T - L~V TOMIEN S, FAED LB
FHEZBA SN L., QBT X > THARIOZEND 5 OITELOIBFRIZ T 5 BREE IS ORE
BLEZ2, QBREESOMEL L TRk TmHARNDEHAERBEOILE > -BEBEE2TRTS 2L
TAET D Z LIk LT D, ARBFZE CIZUREAICE S 42 Y T, HAOERE<Lib>
L<f v —HL—Tar>kn) 2 DOEBEICONWT, MUFHAERDENEELR L, 41T
IXERES LU AR MR T 5 DICx L, I o VI3 AR I B AERE N 2 VWA 7
oS LA TERY, ZHTHAEOFE —BEMO<Smb>131Thbn 50, 3 _EfEo<f v
H—=N L= a USPNETSNRNTZD EEZEZ BN, T2 B FGF ¥V /WIHRET 2 L 0D,
FGF I 7 FNERST 4T« T4 —F w7 « —TF%2EHLT-8D Shh > 7 F /LB ERE L7220
e EEZX DN, £, YU ATIE, B _BREORL LT, H—BEMO FGF 12 X 5 <Jeim{b>
MEATEINT, F _EBEICAD Z LT o TETICNUEOFAREZERIZK T EE LN,

2. MREOHD

Z ZTARIZE T, (D~ 7 AZOWTE, HAEDOFE B TH 5 <eiib>% FGF il 5l & i
T L TCHEEFEAZERTAZE,. QT OWNWTIIEADOE “BE<f v X —h L — T
VSEFT ) AREIZE o THIEE T LT, A AEERERICYH Shh ¥ 7 F TR LS
TERERNEFAZEETAIZ 2N E LT,

3. WHEDTTIE

~ U ANZOWTIE, <Jelifb>DBEER 1 LB 2 515 FGF 2450 % i TR Ic&k 535
LT ek asIE I L, MEOBREZEEST DS AT, SHIT, BETELT, A
FVRH TN EFRR LR EZRLEL, v~V ATHA ) BV ERKICHESFLEZG &k
Y LRETHT,

AFVITBWTI, WEEAEICBIT D<A v X =D L—3 g > d, <Selfk>y 7 v o FGF &
SHH D7 4 — KRy 7 )V—TNEREIND Z & TEITEND, T LT, fof Bl L shhiE
G EDBTA 2= —ra w5 SR ITOICRRI KON shh Bl DA —/"—x
NP —ThDH MFCS1 Th D, T/ Tlik, BREZIZZO MFCS1L =>4 —2E 510
TV RT 4 v 7 BRI TR LSS Z & T, UEHANREEIND Z ERHES
nNTW3, 2T, A5 TIE, =/ MFCS1 E5 %, Rt MFCS1 = P —vk
BET 54 EYU D MFCS1 FeAICE X2 52 L T(ERIZFOHDEEHZ . TRDHLAT v ¥
VITERITI), ATATA v E—H L —ar>hg| X LaerlUkmtEs kT s &%
Atz BRIIZIE, B oA ) ORI ZEHI L, MFCS1 % fi 5 1 K RNA & MFCS1
B ZBAMIEANT D 2 & T ) MREEIT -T2,

4. RFFERRER
(1) ~ 7Rk <>z X 5 B EAO R
O FGF v°—XBAfIZ & 5 5l & B A o

BTV TIEARZERRTIE A L X 720G O O<Leb> ThhT\Wa Z & iX. B oY)
Wi L7= A ICBEEEAERS I SRS D Z & TiEHT 5 Z L 2kh L 7= (Tsutsumi et al., 2016),
F T, wUATHIEIE>E2FRTE, D VRERRICEIEN S Ol L - A B o F4E
EREETEXDOTERWNEE X T, FEBRIZ, A~ T A0 REOE B cOk L, FGF
E— X B L C<Simb>%2 5 ZE 2 LA, REE TH 2 DB OMENFHAEIND
TEERHLIE, EBIC, vUREAFV/DTIIVERRDESERELEL, TRHOENET
RTDHZET, v~V ACBWTHBEEOHEALZERLT D Z LIRS LI-CR¥EE, BrirtiES),



@) BB B<A 25 —H L=y 3 VSOFRI £ 5587 RO ERORS

D MFCS1 A — 3—x P — DR REMRHT

1 ETSO CCG  ETS1  Coresequence ETS2 CAT ETS3 ETS4 167

<@ AT shh BET-OK IMbp _Eiic e I e Tt g
B 72 R BB o = AE SHEZRS), D Mg //’
TN Y —EF AU R BN TRR 6O T E < ARTE S mvist. MFCs1

NTWA 752 MFCS1(Mouse-Fish-Conserved- | == = =
Sequence-1) & firk S7-, EHEEO DT THE, AL el e g
DTN Y—PHIELRCRLTEDIT, T pues oo

DFENRREIZRD ZEDRMLNTND, —J, o f‘f@ffﬁ_f‘j“;‘;
%éﬁ@%ﬁé%ﬂ‘ipﬁfumﬁwfm
MFCS1 I3 BEH% LHIE L T D 2 EAME SN fime  Scammme g
T3, 1; bt 2o MFCS1 UG AR O e o B o
AVE—=HL—ar>EL|ERITEDDOF—
TV%?T%U\MWBIﬁIyVQAﬁ~gLT% M1 AE) 2/ e 2o MFCS] fEI
Hed 2 E T, NIEEANTE AN TX A | © DNABS O HE(VISTA f#7ic X 3)
75>0> EMASITTND EBZ BT,
T ATV D VDZ N —EA At Lo 2 A AR EZ SO E VIR
FINTOT, AR Z RS T2 Z/VITIIKRE L TWDLESINH D Z EH LT, £hvh
% CCG Fid%ll, CAT fc%l &4 L7=(K 1),

I, MFCS1 iZ super enhancer & FEiEAL, AEGRE) e ALl
Z OFEIE T non-coding RNA (ncRNA/enhancer i i
RNA LIMEEND)BIEINDHZ & TNy 2
P —IEHERRFFEND Z E RSN TN D, H
% 2T, AFRIZB W T MFCS1 i b D
non-coding RNAMcRNA) O #2 5 D A7 #E % i & ey R L
[/7":( 2)0 %@%% A CIIRAEBETYH WEs2o EEses TR TS
FH/AERE CH MFCS1 875 ncRNA MERE \ Py 1
ENTWDHOIR LK 2 /8) 7 = /LTI i N
I\ MFCS1 #1575 @ ncRNA O#iE5 A8 L '

T shh ® mRNA SN b2 %A

L 72 2 ), ,
472 H, MFCS1 (3= /> —RNA(eRNA) :

%jl\ LT\ ;f\/‘J lep T(}ﬁ@ shh iﬁ'fi%@%ﬁ% B FTATH AT AT Rl FT1)
L CTWHZ L xR LT, AV ICFRRM finan il
IR ST D CCG BLIEL DS eRNA DBRE:
HIHENZ 23030 > TV D ATREMED H ) O T, eRNA
23 MFCS1 fEI D & O3 1 HIRE IN TV A 022V T CAGE seq BT 2T - 72728, 55 &
Wi EBERMRERET 2I2E LR o7, BfE, NET-CAGE (T & » TG BAERALO[F]
EEHED TS,

on/GAPDH

Relative expression/GAPDH

Relative exy

n/GAPDH

expressiof
Relative expression/GAPDH

»mJ
EETHE) ﬁ’w(ﬁiaaﬁ)

2 4= ) & ATAD ncRNA O,

@ AFY LA NLDOMFCSLEED S ) MREIC s
k2097

#) a700p SURER

eRNA DOIRBEHENDOREIILE SR o 7208, A
£V & AH o MFCSL fHIESRICHIED AT »
T LD ) AREERRT, TORR, 4
FUIZBWT, M3IZHD LI, CCGRANLD
5l RBLEZGEICIE, A v —hL—rav
DEEXFTICHZAVEARELFEC LI ICASAL T EE
OREENTER SN D Z ENHL TR o, ik
O A KB L7z FO EIRZ 255718, e
W CHIEE~OHAVFHIR DL H D i 5 OfEED
WP LT-Z & T F1 25852 & 672 S HF3EITiEH
LIRS T2, BTV DF ) AREIZOWTHRESD
BIZAT S 7203, 2 b 2RI L7271 012, 7%
BNV HHETE DREBIZITE STV,

3 4% Y MFCS1 #0777 LimeEfik e




4 2 0 4

Matsunami M, Suzuki M, Haramoto Y, Fukui A, Inoue T, Yamaguchi K, Uchiyama I, Mori K, Tashiro
K, Ito Y, Takeuchi T, Suzuki KT, Agata K, Shigenobu S, Hayashi T.

A comprehensive reference transcriptome resource for the Iberian ribbed newt Pleurodeles waltl, 2019

an emerging model for developmental and regeneration biology.

DNA Res. -
DOl

10.1093/dnares/dsz003

Suzuki M, Hayashi T, Inoue T, Agata K, Hirayama M, Suzuki M, Shigenobu S, Takeuchi T, Yamamoto 443(2)

T, Suzuki KT.

Cas9 ribonucleoprotein complex allows direct and rapid analysis of coding and noncoding regions 2018

of target genes in Pleurodeles waltl development and regeneration.

Dev Biol. 127-136
DOl

10.1016/j .ydbio.2018.09.008

Takeuchi Takashi Matsubara Haruka Minamitani Fumina Satoh Yukio Tozawa Sayo Moriyama 149

Tomoki Maruyama Kohei Suzuki Ken-ichi T. Shigenobu Shuji Inoue Takeshi Tamura Koji Agata

Kiyokazu Hayashi Toshinori

Newt Hoxal3 has an essential and predominant role in digit formation during development and 2022

regeneration

Development 1-13
DOl

10.1242/dev.200282

Miura Shinichirou Tsutsumi Rio Agata Kiyokazu Endo Tetsuya 6

Maturating Articular Cartilage Can Induce Ectopic Joint-Like Structures in Neonatal Mice 2020

Regenerative Engineering and Translational Medicine 373 382

DOl
10.1007/s40883-020-00176-w




36 20 7

42

2019

Kiyokazu Agata

The hourglass model of limb regeneration/

52nd Annual Meeting of the Japanese Society of Developmental Biologists

2019

Haruka Matsubara, Kiyokazu Agata

The unique mmpl expression for the stump of the joint regeneration in Xenopus laevis /
mmpl

52nd Annual Meeting of the Japanese Society of Developmental Biologists

2019

Masakazu Hotta, Haruka Matsubara, Kiyokazu Agata

Identification of the cells expected to participate in mouse joint regeneration/

52nd Annual Meeting of the Japanese Society of Developmental Biologists

2019




Haruka Matsubara, Kiyokazu Agata

Regenerating joint exhibits specific cellular response in the frog (Xenopus laevis)

Limb Development and Regeneration: New Tools for a Classic Model System

2019

2019

Xenopus laevis)

2019

2018




2018

Kiyokazu Agata

Regeneration, Stem Cells and Medicine

70 / 51

2018

Haruka Matsubara, Takeshi Inoue, Ei Kakuta, Kiyokazu Agata

Differential gene expressions between joint and non-joint blastemas/stumps in frog

70 / 51

2018

39

2018




Kiyokazu Agata

The Japanese amphibian regeneration initiative

Salamander Models in Cross-Disciplinary Biolog

ical Research

2018
+

/

2018
MMP

/

2018
Sh MFCS1
/

2018




MMP

89
2018

89
2018
2018

Kiyokzu Agata

What did we learn from regenerative animals such as planarian and newt?

Molecular mechanisms of developmental and regenerative biology

2018




2018

Trial for elicitation of limb regeneration in frog by modifying limb-specific Shh enhancer MFCS1

41

2018

2018

shh MFCS1

2017




2017

2017

2017

22

2017




shh MFCS1

2017

Evoking regenerative ability from non-regenerative animals

KEY Forum  The 3rd International Symposium on Stem Cell Traits and Developmental Systems

2018

Joint regeneration in newt and frog

International Symposium at Hitrohima University ” Amphibian development, regeneration, evolution and beyond"

2018

2018




2016 21

2016

Roles of ependymoglia cells in brain regeneration after partial excision of the amphibian optic tectum

the 22nd International Congress of Zoology / the 87th meeting of Zoological Society of Japan

2016

16

2017

Regeneration of "The Society of Cell"

Joint Meeting of the German and Japanese Societies of Developmental Biologists

2017




http://www.nibb.ac.jp/imori/main/

iNewt




