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The _mechanism of cell fate determination in epithelial-mesenchymal interaction
during tooth development
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Epithelial-mesenchymal interaction plays critical roles for the development
of organs such as tooth, lung, salivary gland, kidney and hair. During this process, epithelial
thickening and budding into mesenchyme are common phenomenon, while the decision of cell fate is
made by the specific transcriptional controls of individual organs. In this study, we analyzed the
mechanisms of cell fate conversion using mouse model, which generates ectopic hair in tooth. This
mouse model also showed enamel hypoplasia in tooth, indicating that the capability of dental cell
fate transition into hair cells.



g X C—19, F—19—-1, Z2—19, CK—19 (tmH)

1. WFERMEEYI O 5

WG, MR, BB L OER EDRTE
LRI, B -MEERBEERIZ L > TRk S
NHZ ENMENTWD, wOFREZ, BAE
Wz ERMmoREIc L visE Y, BRI
DB IZHaAT B Z & Tl OBREE K
DI D, Z OB, R & RIEEAm
DA BB 5 2 L T R B BRI R
ARSI TWD, EEMIL, 4b=F A
bR, BEiEiE, PREMES X OW=T
ANV ERIZE L, Ne=T AV B AR
FANVEEERT D F A VIEME~ L
645, —J7. F o WEEO U 12 AR Ot
AT ERFmLENTWS, ZE—Eva
=" LRI D B O A TR S AFAE L
TWABEHT, TI0bkx e BRIy
L2 28fER G INE 720, BIlNE
BENEET D, O X DIl R
N DIREICEBETHL Z ENHPHL T
To D3 B U b R e R oD i T i R TE R A
DOFEMITRTMEI TV,

2. WMo BE®

IHNE TOMIE T, BEREKR - MED1
 ERBRNICRBEIED L~ T RUH
SEFMMEICENECLDZENHBHALE, 20
F0 R R B R e O ZEEME R R L, [
A bR o E AR E L REA I L - T
HEH SN TWAAEEREZ bR D, £ZT
AWFZETIE, [FEG T DOREBREMMNT 28 L T,
UM b R R A A 0D S S iy R E B AR O iR
HEBERE L THIIEEIT o 7=,

3. WD ik

(1) MED1 Ein KRB~V AL LV AELD
Fh, Sl O CHBE R RENT L
70 F72. B4 14 Bifi~v A0IE Y —ED
S —7 XD ERECL M S e e B R
i lask CLDE 2 1ER L., @i 8 A%z HW»
T MED1 OERERRNT 21T - 7=,

(2) MEDI B FXIE~ 7 ZAH#WZ L,
FRR I CBEAT LTz, S DICEEME 7 I
# (SEM)Z AW T F A /VEDEE MR EZ
N LTz, FElo. ERREEZ VT MEDI
L Notchl OFEGEHR LTz, BT, Z7u~<
F R T Alpl T eE—4 —
(2817 % MED1 OfEA & fEd LT,

(3) gPCR #EEZHWTEEBR -1 7 037
F > (Npnt) D HiF DI AR BRI H —
VOB EAT o1z, Flo. EREEEZHV
T Npnt OERFEKREEIZ S 2 5 BB EMRIT L
72o &5, EGF-like repeat fEI & K48 & &
72 Npnt FEHL~7 % —Z/Epk L, BT %
1To7z,

4. WFFERCR
(1) EREFHEIN 7 MEDI1 12 X 2 il i dy ok
7E A O fif B

MEDI &5 XK~ 2D L 0 ENE
U % B & fHAR ST L7z & 2 AL IR
P ERMaO S B, B IEE L,
JOEmERE DS U L T m, F 2L HEME B
R~ — 5 —TdH D Sox2 DFBE., #
Btk O CHEREZIT > 72, AR~
ZIZBWNTIE, =D —T I B
THfb M ETe & | Sox2 BatEAIAN 23 B2 /T TH
KT 50, BEFREBE~YYZIZBWT, HH
JEAAEIZ Sox2 BEMEMIIE N F%AF L T D Sox2
Btk Al oM sl 238 o bz, Lk
DOFER ML MED1 238 O MERFIC B E 7
TE 2R LTS AEEERNE Z DT, £
ZCLHEREVE B R AR CLDE #lfa % Atz L,
WF4E %17 - 72, CLDE #ifaid Sox2 Btz R L
Ca” I L W Sox2 FEEWH AL L. LT 5
Z PR S NTZ, & Z T, MEDI siRNA %
T MED1 O%BLAZ Il L, Sox2 F5MEf
N &R L7= & = A control BEIZ Ca®™ &I
M9 2% & Sox2 BEPEMIBE AN 35 Dkt L,
MEDI siRNA #1518 ARETITZERRO 5
nienrofo, LLEOFRENS, MED] % K18
S5 &L HEME R A S e R A R e A
MERF L7 MMz e . Miaslz1E
5HZ & TRAMEICENIER S D Al MR
Ez b,

(2) MEDI (T & % = F A )VE A KAV O fif
]

MEDI =K~ U AT L OHEH
WCBWTZ T ANVEREAREEZEZEL TW
72 —J7. AHFIZBWTIZROEMITARD S
NNz s, mFANVERKICEIT S
MED1 D8 %  FthZ AV CRENT L7z, fi
HEFHIMENT 3 X OV SEM fEHTIC X YW . MEDI
WG KE~ T AHBIZBWT, =) AL/
O AZNZRD b, AKLE L O
(ERRETH L AREEN R ST, &6
qPCR L HWTHEB TR EMRA Lz E Z
A, BIETRE~TRZBWT, AKILIZE
5 Alpl OFELRZE L < i LTz, Alpl
W, H O BRI F8 U TR R A L R <
FKELTWAHZ &5, MEDI 139 @i
DOSAIC EE /2% E 2 7= LT 5 AlREME
DR Sz, S HICHEEMIEIE Notch &
TFV o TOZHEAERTH D Notchl Z5f < I
BLTWAED, AV 7Y 7 tois
AT L7z & = A MED1 1387 Notchl & f&
A L. Alpl ®7 1t — % —fHlE TR ILH H %
ToTWDAREM:Z R L7,

(3) Sox2 ZHIET 2 EEMR -7 xR
T (Npnt) D[] E ¥ K OBEREAE ]

bl B -FEMBERIC LV BRI D
2. ERzANRG & RIS OIS AE T 5 KR
JE S 7 N DT LI EHE R R 2 R
L TWAZ ERNFmLRTWS, £ZTHO
FAERFHNCR S BB T 5 ERIEE S +2 A7
V—=2717&Z A NpntZ[FEL, [[
53 71% EGF-like repeat fElik & RGD Ik % ¢



Offifast~ N U v 7 AT, WORRER AT
oA 13 B (E13)2°5 E15 (25 < EHLL
Tz, g BEEREZ AW Tl O RER AR
52508 MR LIZE Z A, siRNA Npnt
A8 ARE CTIXEAIC RO R X 23808
LTV, E5I2 Npnt OFEEERAT 21T -
7= & Z A Npnt ® EGF-like repeat fE#13 Sox2
HHL A X5 Z LT, IR 2 N
T AN R E S D ATREME A R
S,

5. ERIEFIHCE
(WFgefRE . WFZEsHE K OV HERF 2 512
=)

(MEstamsC) (BH1 1)
D Sugimoto A, Miyazaki A, Kawarabayashi K,
Shono M, Akazawa Y, Hasegawa T,
Ueda-Yamaguchi K, Kitamura T, Yoshizaki K,
Fukumoto S, Iwamoto T.
Piezo type mechanosensitive ion channel
component 1 functions as a regulator of the cell
fate determination of mesenchymal stem cells.
Sci Rep. 2017, 7(1):17696. doi:
10.1038/s41598-017-18089-0.

@ FurukawaY, Haruyama N, Nikaido M,
Nakanishi M, Ryu N, Oh-Hora M, Kuremoto
K, Yoshizaki K, Takano Y, Takahashi 1.

Stiml Regulates Enamel Mineralization and
Ameloblast Modulation.

J Dent Res. 2017; 96(12): 1422-1429. doi:
10.1177/0022034517719872.

@ Yoshizaki K, Hu L, Nguyen T, Sakai K,
Ishikawa M, Takahashi I, Fukumoto S, Den
Besten P, Bikle DD, Oda Y, Yamada Y.

Mediator 1 Contributes to Enamel Mineralization
as a Coactivator for Notchl Signaling and
Stimulates Transcription of the Alkaline
Phosphatase Gene.

J Biol Chem. 2017; 292(33):13531-13540. doi:
10.1074/jbc.M117.780866. PMID: 28673966

@ Iwamoto T, Nakamura T, Ishikawa
M, Yoshizaki K, Sugimoto A, Ida-Yonemochi H,
Ohshima H, Saito M, Yamada Y, Fukumoto S.

Pannexin 3  regulates proliferation and
differentiation  of  odontoblasts via its
hemichannel activities.

PLoS One.2017; 12(5):
10.1371/journal.pone.0177557.

e0177557. doi:

(® Arai C, Yoshizaki K, Miyazaki K, Saito K,
Yamada A, Han X, Funada K, Fukumoto E,
Haruyama N, Iwamoto T, Takahashi
I, Fukumoto S.

Nephronectin plays critical roles in Sox2
expression and proliferation in dental epithelial

stem cells via EGF-like repeat domains
Sci Rep. 2017; 7:45181. doi: 10.1038/srep45181

® Suzuki A, Nakano M, Yoshizaki K, Yasunaga
A, Haruyama N, Takahashi I.

A Longitudinal Study of the Presence of Dental
Anomalies in the Primary and Permanent
Dentitions of Cleft Lip and/or Palate Patients.
Cleft Palate Craniofac J. 2017; 54(3):309-320.
doi: 10.1597/15-186.

@ Liu J, Saito K, Maruya Y, Nakamura T,
Yamada A, Fukumoto E, Ishikawa M, Iwamoto T,
Miyazaki K, Yoshizaki K, Ge L, Fukumoto S.
Mutant GDF5 enhances ameloblast
differentiation via accelerated BMP2-induced
Smad1/5/8 phosphorylation.

Sci Rep. 2016; 6:23670. doi: 10.1038/srep23670.

Miyazaki K, Yoshizaki K, Arai C, Yamada A,
Saito K, Ishikawa M, Xue H, Funada K,
Haruyama N, Yamada Y, Fukumoto S, Takahashi
I.

Plakophilin-1, a Novel Wnt Signaling Regulator,
Is Critical for Tooth Development and
Ameloblast Differentiation.

PLoS One. 2016; 11(3): €0152206. doi:
10.1371/journal.pone.0152206.

© Yamada A, Futagi M, Fukumoto E, Saito
K, Yoshizaki K, Ishikawa M, Arakaki M, Hino R,
Sugawara Y, Ishikawa M, Naruse M, Miyazaki K,
Nakamura T, Fukumoto S.

Connexin 43 Is Necessary for Salivary Gland
Branching Morphogenesis and FGF10-induced
ERK1/2 Phosphorylation.

J Biol Chem. 2016; 291(2):904-12. doi:
10.1074/jbc.M115.674663.

Saito K, Fukumoto E, Yamada A, Yuasa K,
Yoshizaki K, Iwamoto T, Saito M, Nakamura T,
Fukumoto S.

Interaction between Fibronectin and B1 Integrin
Is Essential for Tooth Development.

PLoS One. 2015; 10(4): 0121667 doi:
10.1371/journal.pone.0121667.

@ Umeda M, Terao F, Miyazaki K, Yoshizaki K
Takahashi I.

MicroRNA-200a Regulates the Development of
Mandibular Condylar Cartilage.

J Dent Res. 2015; 94(6):795-802. doi:
10.1177/0022034515577411.

(K] GH2 0#)

O Hig HEIE

R b R R o YE A P E W B o B AR
FORIEE N T AT U T b— Lfi7HT % H
N2 B O IE MR E K DEER



%3 MIOMERE 7T 0 THIZES O
85 20184E3 A5 H—6 H

@ Funada K, Yosizaki K, Han X, Miyazaki K,
Arai C, Yuta T, Takahashi I

The roles of miR875-5p as a specific marker
during early tooth development

Kyudai Oral Bioscience 2018 (KOB2018) H
8 4@ February 11th (Sun) - 12th (Mon)
2018

@ Yoshizaki K

CAGE analysis for the cell fate determination
during epithelial-mesenchymal interactions in
tissue morphogenesis. USJI seminar 2017,
Exchange activities of young researchers in
biomedical research field between US-Japan in
NIDCR/NIH, NIDCR, NIH, Bethesda, USA, Sep,
12,2017

@ Han X, Yoshizaki K, Arai C, Miyazaki K,
Funada K, Yuta T, Takahashi I

The role of Nkx2-3 homeobox transcription
factor in tooth development

% 76 A AARFIERFERFIMRE RARH
—%&F ALBE 2017 4E10 H 1820 H

©® Hig EE, fMftH FK, BE ERT,
b ek, L GH FE, &F —
ER.

R AR BL T % miR875-5p D[AIE & %8
BN & — AT

% 76 Bl ARG IEREI TR FINRE AR
—3&F LI 20174510 A 1820 H

© fiftH EAR, Hik AE, ER ERT,
W, OHF AW, GE RS, &
B

BEWELNTF 20-1 12 X 5 HFE M FR /a0
BT RS KOV bic G-z D

% 76 Al ARG IEREI TR FINRE AR
—3&F LI 20174510 A 1820 H

@ % AL, Hk EE
wig ERT, W OE,
&, EfE

FE S/ - Nephronectin (% RGD fElk % /i L
Tx=F ANV O L ENZ B 59 %

% 76 Bl ARG IEREI TR TN RS AR
—3&F  FLIR 20174510 A 1820 H

Bt A,
fiffp EOR, WO

Yoshizaki K

Comprehensive analysis for the functions of
genes during epithelial-mesenchymal interactions
in tissue morphogenesis

Special lecture, [HOFENOHEERHZ XX 5
Tn Y= MEESET AR S
07T ) TERINE BR 2 N0 9~ 2 ik ) [ B
My U =27 T v 7 F A 2nd
Symposium, Fukuoka, Japan, Feb, 28, 2016

© Chiba Y, Sakai K, Ikeuchi T, Yoshizaki K
Mahboubi D, He B, Yamada Y

Epiprofin and T-boxl Regulate Ameloblast
Linage Development

The TADR/AADR/CADR 95th General Session
and Exhibition, San Francisco, CA, USA -
March 22-25, 2017

Miyazaki K, Yoshizaki K, Arai C, Han X,
Funada K, Haruyama N, Fukumoto S, Takahashi |
PKP1 regulates ameloblast differentiation via the
cell adhesion.

The TADR/AADR/CADR 95th General Session
and Exhibition, San Francisco, CA, USA, March
22-25,2017

@ W) mEsE, Fi mEA, SRR FED 2
P RS, A IR KIA B, AR R—.
FHig HE, &F —HE5 Stiml (I~ U ADx
FANVE DO AR LN F A VR AL
SN AN D B EEET S & 12 [\
JUNEERFB P2 RE Hilk 2017 43
A 18-19 H

@ W) mEsE, Fil mEA, SRR ED 2
P OEYS, AF VAT KR . 2R R—
S EE, B B0 A T EEME Ca2+
WA FEIT X DOV IE R RE 28 1) 5 =
FANVEEARBIEDRIEA = A5
75 [0l A ARG EHRF e R 2016 4 11 H
7-9 H

@ Wt B, Hle R, THE MER, MmN A
I, AR B, HiEb SErE, IUH EHE

B T B B A 0D = A LV EE R~ D 43k
\Z351F % Epiprofin & T-box1 D& E|

The role of epiprofin and T-boxl in enamel
epithelial development

55 58 [l FLEERE R P 2 PR - & 2016
81 24-26 B ALigiEALIR T ALBR=
varktrH—

Bt Ewey-, Hik R, EiR EST,
WS, iR EK, EA B, SiE
FEJEJEE Sy F Nephronectin |X EGF like repeat
domain % 41 L C 8 Jt 1 b Bz i A oD i e 3
JE IS S

A Dbasement membrane protein Nephronectin
regulates the proliferation of dental epithelial
stem cell through its EGF like repeat domain

55 58 [l FLEERE R P 2 EITRE - # & 2016
81 24-26 B ALigiEALIR T ALBR=
varktrH—

@ Arai C, Yoshizaki K, Miyazaki K, Han X,
Funada K, Takahashi I

Nephronectin, a basement membrane protein,
plays critical roles for differentiation and
proliferation of dental epithelial stem cells during



tooth development.
Kyudai Oral Bioscience 2016, February 27, 2016,
Fukuoka, Japan

Miyazaki K, Yoshizaki K, Arai C, Xue H,
Funada K, Takahashi I

Plakophilin-1, a novel Wnt signaling regulator, is
critical for tooth development and ameloblast
differentiation.

International ~ Symposium 2015 Oral and
Craniofacial ~ Development and  Disease,
December 10-11, 2015, Yumikura Hall Osaka
University Yumikura Hall Osaka University,
Japan

@ #rir Bwey, FHig EE. ERE ERT
wEOE, MfH EOK, miE RS

W OFAEIT I 1T D HEJEE Sy 1 Nephronectin @
%% The role of basement membrane protein
Nephronectin in tooth development

5 74 MIAAMRIEEAES 2015 4 11 A
18-20 H fald WAk i &b [E R =i - ~
Vo Ayt

HiR AR HR RN, B BT
wEOE, ME OEKR, miE RS

AR HE B BSE JiU R i A5 T~ Plakophilin 1 18
DFEITEBNT Wt 7 FLRERT L L
CTHYEM 4 % Plakophilin 1 associated with
ectodermal dysplasia acts as a Wnt signaling
regulator in tooth development

5 74 MIAAMRIERAIAS 2015 4 11 A
18-20 H  f i e Bl o7 ] (= PR 27 55 -
<~ AvEk

Bk Bk, Hig EE. CER ERT
W OE, MfH EK, S RS

FEEC4Y - Nephronectin (3 th M b Bz s
Do L OCMBEEEICE ST 5 A
basement membrane protein Nephronectin is
involved in dental epithelial stem cell
differentiation and proliferation.

55 57 Il B R E A AR e 2015
9 A 11-13 A HREERT KREX vt
FEar_rvarkry—)

W R SR CEE. BT AT
wOE, MHE OER &E R

Plakophilin-1, a novel Wnt signaling regulator, is
critical for tooth development and ameloblast
differentiation

% 57 MW AEREZRFEHNRE - BE
2015479 A 11-13 H BB RBNE™  KE A
vt FEarxXrvartry—)

(¥EF) G 0 1)
(P 3 U P A )
OiiRyt Gt 0 1)

SR
LR
MR
T -

IS e
HFEAH B -
EWNs DR -

Ofsikdt Gt 0 1)

SHFE
T
MR
T -

CisE e
BASH A
ESIaPANOL I

(ZF Dfh)
ALY

6. HFFCHHLRR

() ArgEfREE

HIF FEIE  (YOSHIZAKI Keigo)
JUM K - =2 ge Rt (FER:)
e %5 : 10507982

(2) WFgE 53 3
( )
WHoeE &5
(3) MR TEE
( )
HoeE &S
(4) WFFE T 1)

A 5 (FUKUMOTO Satoshi)
WALKS: - A 0rsest - B
WF7eE &5 : 30264253

‘Tl EZ3F (MIYAZAKI Kanako)
JUIN K« KRBT - Bh#k
FgeE &5 « 30778840

FH: A+ (ARAI Chieko)
R PNERNE 5 T = |
FgeE &5 : 60802288

-



