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In_this study, to clarify the involvement of Hedgehog-Glil axis in the
regulation of bone metabolism in maxillofacial bone, we conducted an integrative study using mouse
genetics and genome-wide analysis. First, micro-CT analysis in adult Glil-KO mice revealed impaired
craniofacial bone formation in GlIi1-KO mice compared to wild-type mice. In vitro analysis using bone

marrow-derived stromal cells confirmed the suppression of the osteoblast differentiation by
Glil-KO. A comprehensive genome-wide analysis revealed Glil-mediated transcriptional regulatory
regions and Glil’ s functional target genes. These results suggest that those Glil s downstream
factors are involved in bone remodeling.

-Glil



B X C—19, F—19—1, Zz—19 (Gt@m)

1. WFZEBIAE Y D =

AR DRI, BREOWILETR E VWD XA F v 7 2815 (BUERHR—FVET U v
)N XD FICEEE IS, ZORRREMEEDR A T A X L A LM LT 5, BRI A 5 %
B & B TR 240 D B 2R S . B RRAR SN B HE 2 ORI IGEE LT, BEFAY - 22 MR
T DL THUEBENEZ S, BUUEHSICEEE 5 2 HDEERFPELO—DIZ A =1V
ABRLARETOEND, @ AOFHAITIFICHEER AT =DV A RN LRAICELEN., ZFRUC L
> THY R BUOEBR SN TOND Z & THRAFTAZ S ANRMEREINTND, BHERA =TV
A R UVAEHET T, BIBESCBIERREO B EPMEEIND Z EDMb TS, R
BIETBRIC L 2 HEOBENL ., A D=L A b L RTGE L TRE SN 7B oo 4 4 M
FRALIEZLDOTHD, BIEHNLE W A=A R L AIGE LT, BB NIZEB W T EAM
OFEWIL & B MO F TR K S Fu, BRI LB SaEBl e ok & LTHO
BENDEMRIND, ZOX I, FBENC LW E OFSOER R I FHE EIRR O % 724
HEERBEETHLHDD, ZOHFA D= XLIREFHFMICHLIZENTOWRWVWORBIRTH
Do
AWFFETF— L1E, ZNE T~y UK v 7 (Hedgehog; Hh) v 7 F/IZHKH L, Ak OBEFED
HIR DT RO BRENC BT 2 EE 2T L, EERMALAREL CE2, Hh ¥ 7 FLDTF
TETIEZ B ERERF Gli O T, iEHR Gl Th D Glil IZEFR LTt 2D 7= & Z A, Glil
AT I TN TAOREFIX, BEKEETRNOT o H T T EESEERT A
ET2ZERHALMMER S (1), RERIZ. Glil DEEOBUERRICEAG T2 2R
Tk HFmE OABN B TR . G EERRFO BT OFUEBLIcB O THE
BB R RS L B2RBT A LD THDH, Ll ZHETIZZ DM ERGE L - I1XFE
Lo 7z,

2. Lo HB

SHEA I OB AEFAER & RS BRI T 2B SEBR S ~D Glil OGZH LM T S 2

LHEREWET S, UTD3 ooV 7 ey haFT 5,

O AEHEMSLETICBIT S Glilt/-~ 7 2 DS E R O T

@ W —F o —%2 AW E R b SR E R MRIC BT 5 Glil TiiEE 7 L HAER- Y
T OfiEtT

@ Glil+/-~ 7 A « Hh {EEEEE G~ 0 2O LEREOBENTT L& AW wmRHBIESN - 4
T AEW R TAR

3. WD kL

O HEFEMETICRIT S Glil+-~ 7 2 OHEEEEH# O AT

Glil+/-~ 7 A (Glil-KO) & A~ 7 A(WT)DOEHEIE IOV T X BREICTEOY A X,
Bk Z~ 7 B fICEH L=, S 51T Glil-KO & WT ~ 7 A0 5 [BE RHIE &2 5 H « 5538 L CHl
Mo b BB AT o7z, ~y ViR v 77 A=A b &N Z 728 R oAb 3 s TR 72 B BB
FTLIMEERANT, TADY 74 AT 7 X —BYEIC L D EEAHE & . Real time RT-PCR |Z
XD BHEMIR A~ — I — OB 21T > T2,

OUMHR T —7 Y —Z AW ERECREVE R MIIZ 31T D Glil Fitgs Tt EHEEERSF O
fiF T

FVESRAINIC 31T 5 Glil OERGHERE O o720, ity —r o —2Hnicr/n~
F 5L sequencing (ChIP-seq) Z 1TV, Glil D%/ LA A ONERAERR 21T o712, 5
ONTeT =2 % N A AT H~T 4 7 ZFiE Q) 2T 5 Z LT, Glil 1285
EREHINE 2 7 ) DT A NI L7, S 6072 Glil #5665k & BhE 7 585 T HEOBEE
HEET 572, Genomic Regions Enrichment of Annotations Tool (GREAT) f#HT %17~ 7=,

WKIZ, GllI-KO & WT HRORMERAMALD mRNA BB O gz | kit —7 o —%
7= RNAsequencing (RNA-seq) (X V1 To72, & 5T, ChIP-seq fif##HT & RNA-seq f#tT OFEEFRAT
(XY Glil DIEREIEFBEM A2 IG Lz, Zh b OBMIEERICIIT 5 Glil OG- HIEEE 2 B
LNNIT DD, VR—=FT vl A B1To7, BARBICIE, EEEHIEHGE O DNA BlAl 4 ARk L
Teth, W7 2T —BULR—F—TFF AR Z— (pGL4-MiniP-Luc2) (27 rn—=27 L7,
7"/ 2 PCRIZKY DNA BlHZ IR L=, o —3— 7 2 AT K VRS AR LTz, £
D, KIBEOREREZITV, FRICLER®DTZ A I R DNA #137z, 77 X3 K DNA
ZRRHE SRS, SRR A Lctk, LA — X I E MR LT,



Fo, BONTEMED T OBERGEDO D, FBIR T ORBLAT X —5 5L siRNA X7
A — A ERL U7 BRI U TR SRR LB S RIS 5 2 B ERG LT, S BIT,
Glil D47 ) I ETOWBIKF %2 5029 572, Glil ChIP-seq fi#tt T H 7= Glil 7/ L
EHEI A VT, denovo ET— TN AT - T2, AFATTIL. BBGBIAA A5 500 bp LLEEAL
AL T DiENL T N R FEIR O top 500 FEIK A AV T, MEME-ChIP 77 » b 7 4 — A
PEMALE,

4. WF7ER R
OIS TICHB T 5D GHIKO ~ W7 A2 O S E B ACH O f T

8 Wit Glil-KO & WT v 7 RIZEBWT, XBIREIZTEOY A X, BIREZFHEI L7, £ Df
F. Glil-KO [ZBWTEKEROBENED bz, €I T, EBEHO~ T A0 LR LM
BRAIRE WD TE IO LREZ I L7, ZOREE, H& 7 HH, 1 4 HEW T hIckn
T Glil-KO IZBWTEIEMa S b~ — 7 — ORI ED Uiz, £7-. 7 AWEEEE L-/aick
WT, TAHU T AT 7 X —BREDOGEMED Glil-KO TR Lz,

QWA — o o —% W T BB HORIVE R M3 1T 5 Glil FiEE 1 & HAEAERD 1O
FEAT

B E AR R E R BV TRk — S Y —E W s v~ T U RE LR
sequencing (ChIP-seq) (Z MBI 2 fEPR T 5 Z L BNEETH - 7272, [N & EL 7= 70 {beE
A LT DO R MIERMI A VT ChiIP-seq fi#tr 217V . Glil D%/ LfEAfEIRD
HERRBR 21T o T, FRROPUELZ AW T EILE O E L2 R KIRE D 5729, Glil BIET &
3xFlag DA R7F & a— RT 586 T OMAERE T2 MIRICHE S, §l FLAG fuik%z H
V72 ChIP-seq it #1772, NIy —7 2 AT — X DE % Fastqc V7 b =7 THER L
7-#. bowtie |Z X % mapping & cisgenome /Xy t—TE AW —7 a—V v T EETe A A A
VI F=T 47 ANTEEAWT, Glil ®4 7 - DNA fESERZ 33,414 2 FTRIE LT,

Glil A & BT 585 T OMREZ HEE T 572 9DIZ, GREAT T 21T -7, = DFER,
Glil #EAfEIR T, EHAEYE OHERFIZ B 2 s TR0 B AR T AR, BEE B AT B9~ 5 i
fafREE OFROEES RIS (K A), £72. Glil 7/ AfEAEED 7 7 2 DNA _E TS5y
MEfRHT L= & 2 A, I bIEWEE OGRS 5 kb DL EEEN - fEIRICES 2 2 &2
KEBsy T -7 (K B),

A GO Biological Process B

Distance to T5S (kb)

(A) GREAT#Z#T, (B) GLI1-DNAFE D4/ LD FfRM

TF— 7RI OFE R, Glil 7/ AFEAEIICB W T, GLIO a3 vt AT F—T N b T
UyFLTWe, ki) v F LTWE=EF—7ILRREBl Tho7z, LA L., RREBl £F—
T DI BRDLEHTORER, Glil 7 ARGV TREN 2= Y v F &2 om 7 AT REMEIHK
RN I TS RO T F N ThDHAREMER TR I NT-,

wIZ. Glil P& DT 247 -7-, Glil-DNA a7 e 7741 e . B rRE a7 7
AL (WT 3 LV Gli1KO HEfd > RNA-seq M) OFEEFRHT ORGSR FERVERHE S 7 2 5L
L7 20 OBIETFOEGHIEIEZ B ST 5720, IEEHIEEKE AT 5 LR — %85
TEAEEL, EBRICHW, ZOMRE, BEMEOSMEIciE-> T, LR—ZIEER ER TS 2L
DS B T e o 7o, — 7 BRHESERIIRIC B T B 2R AE & belE L C U AR — 2 IR IR o T2,

WA A5G O NI A B S T OBERGEZ 1T o T2, T ORGSR G LT85 K 1 O — 212D\ T
J w7 BT A K0 EHMIE G b~ — I —ORBNEREIZHED T 5 ERHLN ST, B
RO LN T-BLEFIT OV T, Gain-of-function fEAT 21T o 72 & Z A ‘Ml {b~—H—D
LR RN,

BIE, BN Iz oW T, BIIGGlil+-~ 7 A - Hh {EBHSLY 5~ ™7 2 O EER I O
BEIET VERWTZEREEEW « 0T EWFREHE O 72 O W E 2 D TV 5,



< 5| H3CHR >

1. Kitaura Y, Hojo H, Komiyama Y, Takato T, Chung UI, and Ohba S. Glil haploinsufficiency leads to
decreased bone mass with an uncoupling of bone metabolism in adult mice. PLoS One 9, ¢109597,
2014

2. HojoH, Ohba S, He X, Lai LP, and McMahon AP. Sp7/Osterix is restricted to bone-forming vertebrates
where it acts as a DIx co-factor in osteoblast specification. Dev Cell 37(3), 238-253, 2016



11 10 2 4

Wang JS, Kamath T, Mazur CM, Mirzamohammadi F, Rotter D, Hojo H, Castro CD, Tokavanich N, Patel 12

R, Govea N, Enishi T, Wu Y, da Silva Martins J, Bruce M, Brooks DJ, Bouxsein ML, Tokarz D, Lin

CP, Abdul A, Macosko EZ, Fiscaletti M, Munns CF, Ryder P, Kost-Alimova M, Byrne P, Cimini B,

Fujiwara M, Kronenberg HM, Wein MN.

Control of osteocyte dendrite formation by Sp7 and its target gene osteocrin 2021

Nature Communications 6271
DOl

10.1038/s41467-021-26571-7

Kanazawa Sanshiro Okada Hiroyuki Hojo Hironori Ohba Shinsuke Iwata Junichi Komura Makoto 11

Hikita Atsuhiko Hoshi Kazuto

Mesenchymal stromal cells in the bone marrow niche consist of multi-populations with distinct 2021

transcriptional and epigenetic properties

Scientific Reports 15811
DOl

10.1038/s41598-021-94186-5

Hojo Hironori Ohba Shinsuke 137

Gene regulatory landscape in osteoblast differentiation 2020

Bone

115458 115458

DOl
10.1016/j .bone.2020.115458

Tani Shoichiro Chung Ung-il Ohba Shinsuke Hojo Hironori 52
Understanding paraxial mesoderm development and sclerotome specification for skeletal repair 2020
Experimental & Molecular Medicine 1166 1177

DOl
10.1038/s12276-020-0482-1




Onodera Shoko Saito Akiko Hojo Hironori Nakamura Takashi Zujur Denise Watanabe Katsuhito 15

Morita Nana Hasegawa Daigo Masaki Hideki Nakauchi Hiromitsu Nomura Takeshi Shibahara

Takahiko Yamaguchi Akira Chung Ung-il Azuma Toshifumi Ohba Shinsuke

Hedgehog Activation Regulates Human Osteoblastogenesis 2020

Stem Cell Reports 125 139
DOl

10.1016/j .stemcr.2020.05.008

Fujihara Yuko Abe Takahiro Asawa Yukiyo Nishizawa Satoru Saijo Hideto Hikita Atsuhiko 0

Hoshi Kazuto

Influence of Damage-Associated Molecular Patterns from Chondrocytes in Tissue-Engineered 2020

Cartilage

Tissue Engineering Part A 1-9
DOl

10.1089/ten.TEA.2019.0185

Zujur Denise Kanke Kosuke Onodera Shoko Tani Shoichiro Lai Jenny Azuma Toshifumi Xin 14

Xiaonan Lichtler Alexander C. Rowe David W. Saito Taku Tanaka Sakae Masaki Hideki

Nakauchi Hiromitsu Chung Ung-il Hojo Hironori Ohba Shinsuke

Stepwise strategy for generating osteoblasts from human pluripotent stem cells under fully 2020

defined xeno-free conditions with small-molecule inducers

Regenerative Therapy 19 31
DOl

10.1016/j .reth.2019.12.010

Ohsato Ai Abe Masanobu Ohkubo Kazumi Yoshimasu Hidemi Zong Liang Hoshi Kazuto Takato 6

Tsuyoshi Yanagimoto Shintaro Yamamoto Kazuhiko

A Comparative Study of Oral Health Status between International and Japanese University Student 2018

Patients in Japan

Healthcare 52 52
DOl

10.3390/healthcare6020052




Fujihara Yuko Kikuta Shu Sugiyama Madoka Kubota Keigo Ishibashi Makiko Igarashi Masaki 30
Saijo Hideto Hoshi Kazuto
A case of cleft lip and palate associated with unilateral choanal atresia 2018
Journal of Oral and Maxillofacial Surgery, Medicine, and Pathology 538 541
DOl
10.1016/j .ajoms.2018.06.007
Sugiyama M, Nakatsuka T, Saijo H, Fujihara Y, Kanno Y, Hikita A, Takato T, Hoshi K
Clinical Findings of a Cantilever Iliac Bone Graft for Secondary Correction of Cleft Lip-Nose 2018
Deformities
J Craniofac Surg
DOl
10.1097/SCS.0000000000004070
Harata M, Watanabe M, Nagata S, Ko EC, Ohba S, Takato T, Hikita A, Hoshi K 7
Improving chondrocyte hargests with poly(2-hydroxyethyl methacrylate) coated materials in the 2017
preparation for cartilage tissue engineering
Regenerative Therapy 61-71

DOl
10.1016/j .reth.2017.08.002

4 1 3

Hironori Hojo

Understanding a mechanism underlying bone repair process and application for bone regeneration

SICEM 2021

2021




Hojo H, Saito T, Onodera S, Azuma T, Chung Ul, Seki M, Suzuki Y, McMahon AP, Ohba S

Runx2 defines the osteoblast chromatin landscape in skeletal development

American Society for Bone and Mineral Research

2020

Runx2

38

2020

Ichsan M, Kanke K, Hojo H, Chung Ul, Ohba S

A system level investigation to unravel mechanisms and potential direct targets of the osteogenige small molecule TH

EMBL Conference: Mamalian Genetics and Genomics: From Molecular Mechanisms to Translational Applications

2017

(Okayasu Mari)

(10610941) (12601)




(Ohba Shinsuke)

2022

(20466733) (12601)
(Saijo Hideto)
(80372390) (12601)




