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Fig. 1. Immunofluorescent localization of NFI-C in the pulp cells of normal

mice.

Fig. 2. Immunofluorescent localization of Ask-1 in the pulp cells of normal

(WT) and NFI-C (K/O) mice.

Fig. 3. Immunofluorescent localization of CDC-2 in the pulp cells of normal

(WT) and NFI-C (K/O) mice.

Fig. 4. Immunohistochemical localization of Smad2/3 in tissue sections from

P10 and P17 wild type (A, B) and knockout mice (C, D).

Fig. 5. Immunohistochemical localization of TGF-BR1 in tissue sections from

P10 incisors of wild type (A) and knockout mouse (B).



ABSTRACT

Effect of NFI-C
on the expression of Smad and TGF-BR1

Yun, Seong Ho
Advisor : Prof. Park, Joo-Cheol, D.D.S., M.S.D., Ph.D.
Department of Dental Engineering,

Graduate School of Chosun University

NFI-C null mice demonstrated aberrant odontoblast differentiation, abnormal
dentin formation, and thus molar lacking roots while other tissues/organs in
the body, including ameloblasts appear to be unaffected and normal. Abnormal
denin in NFI-C null mice shared morphological similarities to osteodentin that
1s formed as a result of dental caries. However, little is known about the
interrelationship between NFI-C and osteodentin formation.

In this study, in order to elucidate the molecular characteristics of abnormal
odntoblast in NFI-C null mice, we examined the expression of Ask-1, Cdc-2,
Smad2/3, and TGF-BR1 in the cell culture and tissue sections of NFI-C null

mice using immunofluorescence and immunohistochemistry.
The results were as follows:

1. NFI-C protein was localized in the nucleus and cytoplasm of the normal

odontoblasts 7z vizro.
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2. Ask-1 and Cdc-2 protein was expressed in the perinuclear cytoplasm of
both normal and NFI-C null mice. There were any differences in the
expression pattern of Ask-1 and CDc-2 protein between normal and

NFI-C null mice.

3. Smad?2/3 was not expressed in the odontoblast and subodontoblastic cells
of the normal mice, whereas NFI-C null mice expressed the Smad2/3
immunoreactivity in the odontoblast and subodontoblastic cells of the

tooth pulp.

4. TGF-BR1 was also nearly expressed in the odontoblast and
subodontoblastic cells of the normal mice, whereas TGF-BR1
immunoreactivity was strongly detected 1in the subodontoblastic cells of

the NFI-C null mice.

These results suggest that disruption of NFI-C increased the expression of
Smad2/3 and TGF-BR1 in developing odontoblasts and consequently caused

the abnormal dentin formation which is similar to osteodentin.

Key words: NFI-C, odontoblast, Smad2/3, TGF-BR1, osteodentin
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Aokel FAe AYP S} AWM FAAE Aole] H3-1g HEAEE F
B zAsfAL BFgW Aot Aoprgel BF AFE AT R B HE

A FE7EA Bol s o] 2719 XopdAe= BMP, FGF, Msxl, Pax9 %

a9

Cbfal 59 o8 FAA So] #Hoste= Aoz defA Jdow 259 e
SAREE WAL QY Aope) 27 wAdE glEAeR F7] Aopy
A S Ay TA #ojstE AR5 e AF = cadherin 2 FFEw A
3} osteocalcin, osteonectin % dentin sialoprotein 53 #< HluwYA oA v}
#EE AT Adene WA Auolnt’™. A, 53 A ol o] LA
A8 oldf= AFxA e AT ofyEt oA X|ope] Aol T A A
S F8st7] "ol A AetAe] wAo gig A= xA 9T Bk oy
g A cRE wg Fasttta & & Qv

Nuclear factor I (NFI) family< AA-5HA QA== o, A5, 24, =HA L

Abghel A= NFI-A, NFI-B, NFI-C 28] 3 NFI-X2] Y 7}4] FZ-AEZ o] Fof

o}

A Ao, Drosoplila melanosterSy Caenorhabditis elegansol A+ sty 4

Az A g NFIS A& @ol A adenovirus? DNA EaAo] g3
gulA g AL WAFG oY HToes B AXA FHAAES] ZdHo Fad o
g ste vwdz dygxu oY o2 So] NFI-A fdA7F glow

W o] wrAgo] o]ifo] 7MY NFI-B7} gAsw o} #o 4 ool 2w
' NFI-Col #3led= F o] Steele-Perkins 5'¥o] NFI-CZ knock outdtd
sl A= A7 4A APH I, AetAA e E ofzhe] o] 4to] WAt F
ot 53 FA AoRE Aol Aol AU vALHo PP

sto], NFI-C7} A Aotd AR S FolRAlxe 24l T o
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o] TGF-B1S F&d A7l transgenic miced| A Ao} EA X7 Al
X T4 AT, ZAtotd FAg Aol AEZ7E g9 %3, DSPP mRNA7Z}
_]

A

LA A getha vk o= NFI-C K/O mice®] ZFotRAxe] Wstel A

o] A= NFI-C A& Al Aopdo] HAZA R JAH= Aol NFI-C

A X7} TGF-B1¥ Smad 425 53 A EXEA A A (cell-cycle arrest) #3S 535}

AEAE Y] 25 WA qtHe7] skl AXEEAGA A ddEH= Ask-13 Cde-2



1. ZX 28 AF

AL 104 1749 A AFA(wild type)®t NFI-C (K/O) AF(Dr.

Gronostajski, Department of Biochemistry, School of Medicine, State University

of New York at Buffalo)E 4% paraformaldehyde &S o] &3lo] AF 1A A
5

7F 4, sebEe TRW HewME AFste U wA A4 sy

A

O:

2AsAT.  10%  ethylene diamine tetra- acetic acid (EDTA)-1%
paraformaldehyde(pH 7.4) S oA 253+ &35t A4, &4 o AFAHS A
Ao ggd xv) 3o 8um FAZR AAFE TAHRE AGAGsty =3 A

AR RE FARAA AWl FRow pHow dusyy wdw 4

2. AX 9% 9 confocal microscopy
1) A= 8%

%4 A3 NF-I C (K/O) AF Y dFA A 2 AFx2S Fo2H
oA FAAZE FHE Hank’s Balanced Salt Solution (Gibco BRL,
Rockville, USA) &fo 2 43 A" F s|2dvAstA 12mm’° F=
o A7IE AE UF, 10% € EZ/3lH fetal bovine serum (Gibco BRL,

Rockville, USA) % 3 A (penicillin 100 U/mlil, streptomycin 100ug/mlul,
gentamycin 50gug/mlil ¥ fungizone 2.5ug/mlnl)7} ¥F¥ Dulbecco’s
Modified Eagles Medium (DMEM, Gibco BRL, Rockville, USA)& ©] &3} <
5% COy, 37T, 100% Fx= el Al w7l dApufeF a3l

2) Confocal microscopy



A g © A

N A 50-60% confluence AE|Z7} HEZ i3t = wjdAS A AZ

& chambered coverglass (Nunc, Rochester, NY, USA)

Hel

phosphate  buffered saline (PBS)eZ 33 A FH3 oS 4%
paraformaldehyde®@ A4 20&7F 143t thA] PBsZ 587 33 A H
39t 0.15% TritonX-100/PBSE 10%3F %2 & % 1% BSA(Bovine Serum
Albumin)/PBS &% -& Al§-3le] 424 20837t blocking 3t th A=A
= YT XPgs FHFEA 3 oA Labfrontier (Seoul, Korea)ol
o] g]3te] A rabbit polyclonal NFI-C (1 : 100 dilution)®} Y38 Ask-1
(1 : 100 dilution)® Cdc-21 (1 : 50 dilution) (Santa Cruze Biotec., Santa
Cruze, CA, USA) FAES AH&ste] A2oA 302 < A= 3stAth PBS
2 10%37F 33 M3 F propidium iodide & (10 pg/ml, Sigma-Aldrich,
St. Louis, USA)= AF&3to] A Mek3lth. PBS= 1023 33] A13 & %
fluorescent mounting media (Calbiochem, Darmstadt, Germany)=® % ¢ 3}

confocal microscope (Olympus, Japan) o 2 #2319

3. Smad2/3% TGF-BR1 FAZ ol 43 WAzt A

Had AR gaday gdeaAds A¥ deed 06% H07F e
methanol & o] 2087F, 2% non fat milk= 2087 A gsdc. 29SS 1-2
mg/ml %9 Wi § A (Zymed Lab. Inc, CA, USA) & HE& o] &3o] 37C
off A 103 Agg F 1:209 HE&E=Z 343 polyclonal rabbit anti-Smad
antibody (Zymed Lab. Inc, CA, USA)®} polyclonal rabbit anti-TGF-BR1
antibody (Zymed Lab. Inc, CA, USA)Z 4T Al s34 A& st PBSE 2048
ot 33 AFHEPY. 2% A ZA mouse anti-rabbit IgG  (Vector Lab,
Burlingame, CA, USA)E 2294 45% &<t AHElsta PBSE S A3t ABC

reagent (Vector Lab, Burlingame, CA, USA)E o] &3}o] 30% <ok HFSAIZl &
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AsAth 0.05% DAB (deaminobenzidine tetrahydrochloride)E o] -&3}o] w24

0 ARG FA, BEe dx Fol ¥05e] B Avjgor B 39



1. NFI-C% Ask-1 283 Cdc-2 FAZS o433 A3} 44 424
NFI-C= A AFAQ HolmMxEe] iy AxAoxs ZstA ddE oy

(Fig. 1), NFI-C K/O A= HAZA Q] FolRAZo A= NFI-Co o]

Ask-12 A4 Ak NFI-C K/O A9 opEA L] siFofep Al oA
dAE e A4 A NFI-C K/O 3He] 2 o] zpo]= #&H A & dth(Fig.

F

2

~

Cde-2%= A7 AF e NFI-C K/O A9 ZfotmAlxe] 99k AlxdolA
ofetA dAHAo Y A AF G NFI-C K/O He] 2dd 9 Aol ##HA &
*th(Fig. 3).

2. Smad2/3%t TGF-BR1 FAE ol &3 WHxA353% g4
B AFANAM = A7 otEAEG AotRAESHA ZF oA Smad2/39]
o] #AHA O H(Fig. 4A, B), NFI-C K/O AA A= AAHF HAZAFA

k>

Eal

d

et

Fobd orgl e AFolRAESAMEZE (subodontoblast cells)ol A Smad2/32] & o]
2= AH(Fig. 4C). NFI-C K/O AF o] F A F-ol A= Aol R AL Smad2/39]
o] A (Fig. 4D).

A AF e HoloME oWl A E M= TGF-BRIC THS Fslo] & &
T il o (Fig. 5A), NFI-C K/O A& 9] HIAZA D obd ofgfo] A ZEolA
TGF-BR19 &g @z & =+ A (Fig 5B).
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d-5o] ddz 3stfe] {1225 E dentin sialoprotein (DSP)3¥} dentin
+ e ot o] A3 st 7Aool A
Z9% 988 = Aoz Gy . ukwe] BSP (Bone sialoprotein):=

2o A3ls Ao wejsts AxE e A Yol?, BSPY DSPP7} Aol 3}

A wmAs A

ol

o 5 Hzo] Aol EFel MDPC-23 Ml¥o NFI-CE #ad mE
d 9AlA 71 F DSPP9 BSP mRNA® @ & F3lo] AdolRAE #3124 o A
NFI-CY 9&E qrEetaa sk, A2 o] sty MDPC-23 Al NFI-C&
#2d Az 39 Fol DSPP mRNAS 2&o] elu v}
MDPC-23 A EZ7} wjeF 149 3% 9] DSPP mRNAE 2ddve= AdS Az
NFI-Cell 93] DSPP mRNA< Zdo] ZAHALES et
FotRAE-Fo] A DSPP HAbet olrAlxe] T3 AANA Fad 9%
S &L AAbeTh e, MDPC-23 AlX o] NFI-CE 2d oA Azl 34 Fo= BSP
mRNA®] @& o] AUt o] A= NFI-Ce 7]%o] FAH

(2

M
EAYo] FRATANA FRATE WD & 9ee AMSHE 47 Aol wet

HolmAEE BRALY 5L dehA e A4S Lepnnd 54

A dA 7HAZ E7d & A AARZs BolEAE ATAEY SEAE ATAE

ol EF CBFAlo] 2HAATE AL AolRAE AFAL} Aoz ZRAX
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do] F7F Hos Al EAZE AolEAEY 2R
AE RE TGF-B1E §A4stn Eudne doln™. AAze 47 AolmAxd A
g3 1Ige TGF-B 449 TGF-B AadgdaA4o #HoldE Smad2, Smad3,
Smadd 4&A7 2AFTE Ao M ZE TGF-B1 o] ZFRA T A BSPY

4o FAA 7| A Aok — A Eo A DSPPO] BE e oA A7tk Hol gt g
2= 37 BSP #+4#9 promoterdl NFI-C binding site®} TGF-B responsive

clement7} L& F9o EANN AR FH (overlap)¥ ol Atk APl o]
DSPP A &9 promoter®= ©]&} Fdd F2E 7HA J&& AASH, AypH oz
NFI-C7} &A1& ul:= NFI-C7} DSPP promoter®] NFI-C binding sitedl] 2 3}3}¢]
DSPPe 2dS Fx8tal, NFI-C7t £A4stA &S W =TGF-Blo] BSP$ DSPP
promoter® TGF-B responsive elemento] Z&3dle] BSPe @& & =231 DSPPY
B AdATHL 4 T+ 3

TGF-B= A X9 proliferation, differentiation, migration L2 il apoptosis 2]

245 sto] BN 229 FAAFTAE AT T gL FHst= UAo

.

e

<ol thekd A Eol A TGF-B7F cell cycle arrest$t apoptosisE &= 3+th

Rl

B asgd ™ TGF-B: Smad signaling pathwayS %3l cyclin
dependant kinase(Cdk) inhibitorql pl5, p21 1281 p275 < A3t Ao =EH
cell cycle arrest® =8 p21e cyclin/CDK complexd] @A ZAgso] Cdk
inhibitore} 2 95 S, Cde2/cyclinB, Cdk2/cyclinE ¢ &S oA
gkt}. Cde2 (or p34, Cyclin-dependant kinase 1(Cdk-1))& cyclin B¢ 2F835}o]
cell cycleo] G271elA M”72 z&stAl gt} o] & complexi= Cde25¢e] =0
oa @43k Hof At Smadi p213 #& Cdk inhibitors A3 AL W
olUel Cde25ce] AL oAlgo2M cell cycle arrest® SEdith. 2 o)

TGF-B+ gastric epithelial cellsol 4] Smad signaling pathway®} mitochondrial



dysfunctione &3} caspase-9& &3 A O ZH apoptosisE FEerta H
1 399 =8 TGF-BE MAPK (mitogen-activated protein kinase) signaling
S E3}o] apoptosisE FE & £ 9I*® TGF-BE TGF-B receptor I 3+ TGF-
B receptor II ¢ heteromeric complexel] 93] AXT W AscdEdS &3 Azl
TGF-B receptor II:= Fas associated protein¢l Daxx®o} Z&3te] MAPKKKS
3ol ASK1S &4 3} A)#H MAPK cascadeE %39 JNK (Jun amino-terminal
kinase)S 43} A7 apoptosis7}t % ¥ o] 7 g}FEsua)

o] AFoA NFI-C9 Z<&o] Smad @A 2dE T3 AZA oY Smad
signaling pathway S %3 cell cycle arrest® ##H %= Ask-13 CDc-29 &9
o] B AolRAIE e NFI-Co ZAE AFHY olRAEAA zo]7t e 2=
Ho} NFI-C9 ZA<o] 93 Ao}lR A E 9 apoptosisE cell cycle arreste} ##
(o3

gt Aoz A4 ¥+ AUtk

AEAOE NFI-Cx otRAlZze] 3tef Hopde] A AAo a3 94T
sk, 539 TGF-B19 Smad pathwayE &3 DSPP9 BSP f7xte] x4z
apoptosis7} AolREAZ e TdY AAA JFS v A NFI-C7F 2EHH X 5E
ol ogh FEAGotd ] A we} A T YAdoldo] FAEE AOE AR E
U, ol ®WEs eyl AMAe AR AAAAS FEREN T g ATt
2aF Floj,
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NFI-C& AAAo=r AolRAxe EAlst=t], NFI-C7} glow X<+ Aold
A FotL ALY RHIAo ol o] ehHo] MAFE Hopdo] FA
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of £4 Fol Uehti: Fugoldn §A4E 542 Ytk a2eu NFI-CY

Aeom Fugolds FAE mAAAe goldo] FAHE WA A del Ba
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= Zlo® guA Atk @ NFI-C/h 2&8 Aobe] nAgH Fopade

o= & d9A dA &

& A7dA= NFI-C K/O AFe AolmAxe EAS 7 st7] st
NFI-C K/OAF A 2L mAZAed AolmAxEoA  Ask-1, Cde-2,
Smad2/3 3 TGF-BR1° 2d5 WA GG WAzt A4S Fako] vt
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AZANA HAFQ o, AA NFI-C K/O ko] 2ade] Aoy #2HA

3. A AF A= Ao AolRAES} Aol R A ESA EF oA Smad2/39]
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Fig. 1. Immunofluorescent localization of NFI-C in the pulp cells of normal
mice. (A) Expression of NFI-C (green fluorescence) using antibodies against
NFI-C. (B) The cells were counterstained with propidium iodide to visualize
the nucleus (7e4 fluorescence). (C) Colocalization is evident when both images

are superimposed.

Fig. 2. Immunofluorescent localization of Ask-1 in the pulp cells of normal
(WT) and NFI-C (K/O) mice. (A) Expression of Ask-1 (green fluorescence)
using antibodies against Ask-1. (B) The cells were counterstained with
propidium iodide to visualize the nucleus (re4 fluorescence). (C) Colocalization

is evident when both images are superimposed.

Fig. 3. Immunofluorescent localization of CDC-2 in the pulp cells of normal
(WT) and NFI-C (K/O) mice. (A) Expression of Ask-1 (green fluorescence)
using antibodies against CDC-2. (B) The cells were counterstained with
propidium iodide to visualize the nucleus (re4 fluorescence). (C) Colocalization

is evident when both images are superimposed.

Fig. 4. Immunohistochemical localization of Smad2/3 in tissue sections from
P10 and P17 wild type (A, B) and knockout mice (C, D). (A) Immunostaining
with Smad2/3 antibodies in a cross section from an incisor tooth of P10 wild

type mouse. (B) Immunostaining with Smad2/3 antibodiesin a longitudinal



section from a molar tooth of P17 wild type mouse. (C) A longitudinal section
from an incisor tooth of P10 wild type mouse. Smad2/3 immunoreactivity was
observed in subodontoblastic cells (arrows) of the pulp. (D) A longitudinal
section from a molar tooth of P17 wild type mouse. Smad2/3 immunoreactivity
was strongly detected in odontoblasts. Am, ameloblast; E, enamel; De, dentin;

OD, odontoblast.

Fig. 5. Immunohistochemical localization of TGF-BR1 in tissue sections from
P10 incisors of wild type (A) and knockout mouse (B). (A) There was no
TGF-BR1 immunoreaxtivity in normal odontoblasts. (B) Immunostaining with
TGF-BR1 antibodies in a cross section from an incisor tooth of P10 knockout
mouse. TGF-BR1 immunoreactivity was detected in subodontoblastic cells

(arrows) of the pulp. s. Am, ameloblast; E, enamel; De, dentin
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