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(Japanese)
FRMEBIERE (congenital scoliosis: LU CS) »&MHEMEEFBIE (spondylo costal dysostosis: MU SCD)
EITBHOTECHEDOBMELEDBEMEENE L DAERMELETH D, ZOEBITIVIHAREICEHIT 50K
FERHIWBEREIND ZETELDZEDASLNTWS, CS/SCD o4 L BREEE LT, Notch signaling B=F D
LFNG, HES7. DLL3, MESP2 (CHI} 2 EENFHE N T 5 (Sparrow et al. 2006, 2008, 2010, Whittock et
al. 2004, Turnpenny et al., 2007) o LHYLEAD, TOEERREIEAHZXLIZRFBEBEINTOLEAL, X
7o INODOERBZMET 2BUIRETILHREFELLR L, AARTIEIBHICELDAREEREDAH=X
LEFREAT 270, SOICEYPR T ) —Z v TR EDRBEEBAEDRITE7-H, FIROET VIR T LOKE
yxBmE L,
A7OY 7 blEAFYU X, Cambridge University ™ Alfonso Martinez Arias (¥i: Universitat Pompeu
Fabra) & Naomi Moris (3i:Francis Crick Institute) & OHRIRFFEA, HIEF Y. ZFR I N7,
EFEEIE, RWMEAL G T FIVRFOERZZTRN O, ZHOMBERLTHN=RITMICEM ICHEEER L T&
B3 %, TOEERTOLRD L DIEEEFEATH Y . W > TWDEEERTH 248D, KOEHHEED
LIRS N5, HEIFRICHS. BB, BRBHCERICMET 5, HRETERIZ. ~VX, =7~ €757
1Yy aAaBREDETIVEYZRBVTINE THRINTELD, e bTEHELLL DL >TWAEL 7, E b
ZIELHE LT-BHRYICEWT, MO —ETH B FHHEEL L. BIECHAR ENEDRD DAEEIZ K
T 5EREIE. AR EICBTI2EELRBRTHD, YALEA O, £ FOWBPREICELZEEDA W= L%
ELLKERT27-HI21F. FTE FOEFRBPREEDERZIRAIXTH D, LH L. KEFHRAHZ L%
T E Lk MIBREDHREZEERANTITY 2 &id, T, BEMNAFNG o THRETH Y,
MEAREDEBRICOBAIABRENE T N OREIULICAT RS/ ERNBZ ML Y FEh-oTWS, BENME
D1 o0fREE LT, kR (ESHIE) ©C AIZaeteiliE (PSHE) cLzAV T, HBRERN (n
vitro) TRBERCHERENFRINTE /L, LA LB OEKEEROEELAFHAREICHRTE2ET L
WX +DICIFRESL SN TWAD o7z, ARIFFRTIL CS/SCD #/8d 57, & FDEEIFERICERZH T, EL
BHIZE b OEEIFRE T ORI Z BIE LT,

ICHE A4 DT I —T 1, IPSHIBARORSEFREZB VLT, KEFER TEEZRIRRTH 5 D EHIRKFTOIRE)
EMABEBR L, T8T 52 &I L TW: (Matsuda, Yamanaka, et al., Nature (2020)), LA L. 2@
YUHDET N TIE HES7 15 EDBFEHEGF OIRENEME IIBRTECH, DEML P ERIL SN/ FE DR Z B
RIDETITEE->TVWED 7z AR TIEUEIOFKE 24K L T DERFETOBIRZ T TH < FEEK
DEBRO 7O+ X% invitro T3 RITWICHEIRT 5 Z & A7,

AR TIE, 3SRTBERMZAWT, £ ~iPSHREL S, ERIEIN TREZBR -HEROBEY ZFET
ZZEICHRIIL. ZDin vitro REIERET LA T2 FA0A Re@m& LTz, 77404 FidEiERCHE
bt &, & OO A MR T\, £/2T7 7404 Flx, SOX2+/T+DEZF, TBX6+/MSGN1+
DARDEPEE CRBPIEIE), RIPPLY2+ /MESP2+ BIARXENFIEZE, MEOX1+/TCF15+DIREL, AEIHE
Dffifga & b O OFEHCEICEFES SMREREEA TV ZENHL N EL ST, TBIT. TV
FOA FIEEEA D= X LOFETH 5, DERFEBIEELRTF HES7 D RERGHIRCETRIROFER G L
LTz, ZTORABPKEITE FEOREFZHEPCZ OO in vitro E7 /L ((Matsuda, Yamanaka, et al., Nature
(2020), Chu et al., Cell Reports (2019), Diaz-Cuadros et al., Nature (2020)) & Y REBEINTWSEH (4—-5 8
M) &—2 L7,

ETFILEYMTOMREDL S, FEMICIE FGF, WNT L F/ 4 VB (RA) REKRLRY T FIVEYMEDRIR
HWIOA-STOREAROERDNEETHS Z WML NT W, HLlE, COLSWEEARAT /404 KT
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BEMNICERIND Z & xRz, £ LT, RA LHlfgst~ b Y v o X (ECM) F & OEERIEBH. BUIRD
it e, ERIALINT-EEOLRENERICAAIRTHDEEZRLIZ, 77> FAA FTlE, BEFERRO/IZ—
> TBX18 X° UNCX OFELT L 0 Fe#-31) & 2 B R HhRME: | F-actin, N-cadherin, Fibronectin %> Laminin
DRBUZ L VST DN L TBEERMER EICOWT, ETLEYOMRICL YL A &R > TLAIEE DR
HEHTHIELHER LT, £, ToVFOA R MREEZEBERFREL NLRUOFEZHICHEL-L 2 A,
H—FF—REREI-12 O EFBLEA R LTz, EHIC, Y TILEILRNA =T Cut&Tag &R
TREMNEGTFRBERFEZA L. 77404 FOHOX O— FARIET 52 & ISR LT,

AFFFETIE, in vitro ICH1T 5 3 RITHTEREEHMELET VAL LT, KRETERICEWTEELREZZT 2
ZENHONTHEY ., AREEHMEEAFTOEEICBWTEENREINTWS HES7 & MESP?E=FICEEB
L7co INOLDBEEFICEENEL D EXRNLGEHEDOFECHEOHMERE, EELRENELS Z LN
NTW5B, HES7 & MESP2 BIGFICERZFDHEBKIPS Ml k07T 7 v A a A RizB\WT, ERfbEnz
KEI O, KREINO Y —= TOREPHA LN E o7, S5 HES7 B FICERZF DAL iPS
JIHRDT 7 A nA FET MZBW THHEIR GRS FORBIREOEENH LN E ol MLLTZT 7 U F
A RETAEHANC, ZRNETHRT 2 ZERRETH 72 NOREITEHR A I = AL EMITHE LB,
FRMEFHREOREBZHEH L, ZOBEMERKBORROBHICARN THLFL R LI, 774 nA FiZAD
AR B OGRS 72T T v N7+ —LThDH I ENRINI,

LT 7 vFdud FETFAZHWE “IELW b FRRAEDHMEIL, BEA D =X LITBT 2RBEICLVESE
CINHEBOHMBICHEIRCTE L EEZIOLND, ZTROHDMEICKY, 77 Fu A REFEHLIELD & FOR
AN VRBE T VOMERRRFEN A 7 ) —= 0 TR FEB L, B LWIRREIE IS 7if 7o n e B2 T,



(English)

Somitogenesis is a core developmental event during which the metameric body plan is laid out in vertebrates.
It is well studied in model organisms such as mouse, zebrafish or chick but remains poorly understood in
human and other primates. Despite recent progress with pluripotent stem cell (PSC)-based in vitro models
of organogenesis and embryonic development, an experimental model system that can robustly recapitulate
core features of somitogenesis in vitro remains largely elusive. Using in vitro-derived presomitic mesoderm
(PSM), we and others have previously succeeded to reconstitute and quantify oscillatory activity of the
segmentation clock, a molecular oscillator believed to control somite formation. Interestingly, these in vitro
models of the segmentation clock did not show any sign of segmentation or somitogenesis despite the presence
of oscillatory activity of clock genes such as HES7. Extending on these earlier findings we then asked whether
we could recapitulate not only the segementation clock but also the actual process of segmentation and
epithelial somite formation in vitro. We established a PSC-derived mesoderm-based in vitro 3D model of
human segmentation and somitogenesis which we termed axioloid, that accurately captures the sequential
formation of epithelial somites and recapitulates the segmentation clock associated oscillatory expression
dynamics of HES7.

Our self-organizing “axioloids” shared morphological and molecular features of the emerging vertebrate
embryonic tail and axis including presence of somitogenesis associated major cell populations and opposing
morphogen gradients and signaling activities. We further demonstrated a critical albeit unexpected function
of retinoic acid (RA) signaling in the stabilization of segments, suggesting a synergistic role for RA and
extracellular matrix (ECM) components in the formation and epithelialization of somites. Importantly,
comparative analysis of axioloids to human embryos revealed striking similarities in terms of gene expression
signatures and morphometric parameters, further validated by the presence of a HOX code, i.e. the
spatiotemporally controlled expression of HOX genes along the antero-posterior axis of axioloids.

Lastly, we applied our bottom-up model system to study the pathogenesis of human congenital diseases of
the spine, using patient-like iPSCs with mutations in HES7 and MESP2, which revealed disease-associated
phenotypes. For example, axioloids derived from patient-like iPSCs with mutations in HES7 and MESP2
showed loss of epithelialized somite like structures and lack of rostral-caudal polarity. Axioloids derived from
patient like cells with mutation in HES7 also showed loss of oscillatory expression of HES7. These results
suggest that axioloids represent a promising novel platform to study early embryonic development and

disease in humans.



