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o7 37 A, S X 29 BA ] #Adl= AAE A

+ cadherin & FAQMA ogteocalcin, osteonectin
4 dentin sialoprotein 53 22 Hlag4 Ay Ay
AT-E AQstne 7R g7 Aol ¥ g, A2,
53] A2 Aot BA7|AS olsle AF2A e AR of
Yt o5 2o} Ao]2] Fo] $A Agol Fa317] wjFo)
22 dold Ao @ A 7]2A 8 B ol YAHF
o2% wj$ FQ3ltty & 4 gl
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ot of ol HARAZ AT ZA7 BFR
olth, AuFA THAMEI} ol E AT LR B3shA
AE7L AR 2, AZE7} 45 Holl b2} Ho) 7)Aol 93
sl 2R A7 & 9ol AXetu, ZANGAATo] HeA A
A EE FWFAE Zo| AAEHA Bk, FolRAEE A 18, A
18 2927 2E 7171238 999 J8lm dentin
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AESE FAE ol 7A) & 2EA IA @k
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A= A9 FEL F .

AL to] Aol EA Fehd HH A4 (zonula ooctu-
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A 1087 1749 4 A3 (wild type)$t NFI-C K/O
A# (Dr. Gronostajski, Department of Biochemistry,
School of Medicine, State University of New York at
Buffalo)& 4% paraformaldehyde 494& |83l #F 2
AAZ B, EerE S T mEWE AEeto 5Y 23 Y
ANA B 1t AnA3ATE 10% ethylene diamine
tetra-acetic acid(EDTA)-1% paraformaldehyde(pH 7.4)
FAoA 277 D33t A, 85 59 #HF & A v &
2 sl 8 pm FAR AXAEE FHOE AIAGE D
TS AAFAAMEE FARAA] Adelx] FHoZ AT
Ay}, wag duE "y 22 5erE JAaE e 4T
B39 1 d¥= 5ol el hematoxylin-eosino.E &4
g & #38u|A (Olympus BX50F-3%, Japan)o.& #23}
Aok

ZAEE ME-MAEo1E 2hE

AF 1097 1749 ¢ AA < NFI-C K/O AFE 4%
paraformaldehyde &9-& o|83l] #AF uAAZ § 2.5%
glutaraldehyde(0.1 M cacodylate ©59%, pH 7.4)& 4Cl
A 2N A ETt o1& 0.1 M cacodylate %9 (pH
7.4)o0A 527r 33 MAsl3, 1% 0s04(0.1 M cacodylate
49 pH 7.4)2 4T 243 & 313319t} 10% ED-
TA-2.5% glutaraldehyde(pH 7.4) $dolA 257t &3]3tm
50-100% ANE2LZZ &33t9] propylene oxideZE A
o, epon 8122 Fujalqitt. o€ S ZH MW
(LKB ultratome III, Germany)® 1 #m ¥dHE THEo
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(Zymed Lab. Inc, CA, USA) £4& o] &3ato] 37TolA 10
£ A2d F 1:209 v]&2 343 polyclonal rabbit an-
ti-ZO-1 antibody(Zymed Lab. Inc, CA, USA) ¢} polyclon-
al rabbit anti-Occludin antibody(Zymed Lab. Inc, CA,
USA)Z 4T 23 Ae)sta PBSE 208 59 33] A1
3t 23 FAZM mouse anti rabbit IgG(Vector Lab,
Burlingame, CA, USA)E 2204 458 Z<F Alstn
PBSZ A8ttt ABC reagent (Vector Lab, Burli-
ngame, CA, USA)E o] &3l 308 Hot wkaA)7] & FA8F
Eiﬁ} 0.05% DAB(deaminobenzidme tetrahydrochloride)
£ o] &3to] TNt dHE G5ol R 3ol B35l
’6“—‘} w7 (Olympus BX5OF—3®. Japan) 2 #@3A,
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® gobdst ohdel o] FHA 0.2 ML Aol T}
BREYT B B9 A2 Jold T2 vt TS} 25
AW FRALE TP AF2A0] BAH D AT Fig.
1A). 23U A% 1099 NFI-C K/O A# 9 A1 gt 5B
dXe FdHos FAE HLA ol die F4HQ Aol
AL A3t A5 T vFFHA Fopdo] ol A4
ol A HIFZAQ Boldele Be MEEo] dYslof
Agen], 4L WAl g wAFAQ FolumA s} vHY
ARl dobd WS met s jdHo] YAt £F A
THH9 dobdo]l FAHHA & AFHR AEHo| Ao
o8 EiMolA] &1 eFF o] YA o A Fza| o HAA
U P #2E + 1 (Fig. 1B).
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A2 F2EUATHFig. 2A). BF 1749 NFI-C K/O B
9] I ¢ FEAE xHe Aold e AR 2 A5
AT AR ZEE B¢ A0] FLRAEY A2 FA12
PEE UEATh aEu A2 94 $9E golde] 34E A

o] A3 & % n ”O}E’Jﬂ AFHEEE AEF40] %
AR om AEEo] g Fo| ofd o] Fo 2 wjdH 9%
HFig. 2B).
2. NFI-C K/O 45| Motz Mze| EnMAIH0|E 2
AT 1749 B AF Ax| 9] FolBAZEL FAE 1o
go] Y4B YXIEA A FEG AEH S T/ Fe)
2 olddl 22k ko 2 wjadd et AEAlE 719

28" iz & x23d &2dE EYvhFig. 3A). 18y
NFI-C K/O AF 9 otEAEe FFEY AoluA zode=
g2A AEsel T2 FUAeH AEIAo] FEHU, A
EEo] & 30| ohd o7 Foz widEo] AT EF B

H]E Atolo] Ezto] BEE 0] A FEALole] 71WE A ok
& YAHFig. 3B). B4 AA) FolRAZE Alo]q
**L Hel AExje] BREAE] BIAROL NFIC

K/O BF 9 olmA XM AlEAo]o] A
g 4 99 tHFig. 3C, 3D).
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e 39 ma 4R yges
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A WA AekFig. 4A). NFI-C K/0 4712 A
£ 70-1 Belo] WREAES] 2953 Q950N B ¥
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AZAXE ZO-1 Tl & - 5] =] ekghrh(Fig. 4B).
AT 1749 72 FEHEA A Z0-1 AL ZF AF 9

NFI-C K/O B# 9 HIEA ] ZZ3 Yo Fal
a7 Bl on JolRA LA E FaiA BAHIUHFig.
4C, 4D).
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K/O BF M HEFRAE] F1EE THENA occludin
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o] B E Aot vl A
23teH(Fig. 5B).
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OFRAE AT EANN L] AZslo] HolrA|xe] B3}
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ZANE EdEY AN E SAHA] gerin 9o
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T 3ol APt AP FolRAZE Aol AFE] B
Ze=d EAYH (gap junction), HAAEH (zonula occlu-
dens, tight junction), %] (adhesion belts), -.J‘HPZ*
(desmosomes) 5°] 2 do]|t}, A XA 7} E7)7} H= A £
Me gF-E 22 o} Hd o] AdA vehde ﬁxdi*{hﬂ
o] e 2 vehvtz, 98 njAALEe] Hatu] Y2 gojrke R
o] YAy =Y E % )RS o] AHEFAE A4
FAAMAY AZE HH3] e 422 Yehls R0
ozt F2AQ FHE Uepdtt, o] ZFFASo| doluA
T} gold YRS webd @ Fo2 widE & A e, A
oA AEEo] FYHA R=E MEE7]e] ERolFE
AL AT Ta o]dl AR So] AolAd} }J—o].xl

& WV PIo2 FYST AAHE U 328 4TE
Ao 320, 2 979 FHARANA BN NFI-C
K/O 4719 AolAZE 34 JotmA Eske ther AlEe)
7k m 520 AT Az $350) 94 SekFig.

3A, 3B). o] NEEL T3 A E FA3} uigkilo] A 1 4]
X golg7t #&E e T vl B33 S BYlow, um)
& 27A g AFH Y FolRAEE AloldlMe tgre] Al
FAo] AR Eo] FFEHA Y NFI-C K/O AF 9 Ao}
BA RN FEaE Y AFETA 9 22 A EAL] A
BAES B2F A (Fig. 3C, 3D). ©] A%E NFI-C
TR AL A ZEAe] AEFR| ] Ao o)) 2aE
< Yehdth v Al EAje] AggR|e] P4 ooz st
of HFAAQ dolRAE7} #3E AR ofyd NFI-C &
AL AEo 2 FolrA X FHY o] FRALE M A3t
B A FAte] A9 A o)ide] B AU Fa}o]
T T ES AWt 28 Aol

| 59L& F ol JolRA X391 MDPC-23 4| o] NFI-C
2 e 4 9AAIZ ¥ DSPP BSP mRNAY] &
A& Bl FolEAE E3lago A NFI-CY 98&
qatna st ATd ] oW MDPC-23 A%
NFI-CE ##3d A7l 3¢ Fo DSPP mRNA®] @&o] go|
HAt ol FdAczE MDPC-23 A E7}F vieF 149 Fo
DSPP mRNAE &d it AMIE A28, NFI-Coll 93]
DSPP mRNA¢] @] ZZH A& et} o] Aoe
NFI-C7} “dolRA E-50] {74191 DSPPe] AAbe} Aol A
o] £3 #AF A F83 &L FL AlARIY. E£3 MD-
PC-23 AlZe NFI-Co 2#8E AAAZ] 38 Fo& BSP
mRNA9| o] &1E Y}, o] A= NFI-CY 7] %5o] A
HH MDPC-23 MXe] E¥HYo] JolBAHFoA FEAEE
AztE 5 g AAlete dF Aol w3 HZ
Thyagarajan $*°] TGF-f1& #4& A7) transgenic mice
oA FotEAEe] ME FAo| FAEY, TP doldst A}
g goldol] A7} 3lEl 2 DSPP mRNA7E s g
o i ol& NFI-C K/O A9l AolmA ze] wzle}
frARgE Rojt}, o] Axle TGF-A1S #E&EAZ] transgenic

et o



mice?} NFI-C K/O miced|A] BF ArolmA| Lo SHAE

2 AI¥] EAo] Higtle AL 9ndtt weby B A3 2

oA NFI-C K/O AF 9] Fol2A %7} dejdtdoz 2n

A Z} AR 54S Uehdde AMda ddsle NFI-CY

TGF-81 59 7l 93l FolvAEr} ZRA Tz ¥
= 717l #etole B B Avt 28 Aot}

HBEA X} JolRA 2ol EA5hs thakdh Al Eato] AF
BAEL AAAN AT freeze-fracturet] < o] 83t AT1H
o] gtou} o] HERE AR EAde 2EFAEY 9K
€ 30| Adsted B ool UAT. waka H 2o
T AXAle] AR EAE Fsl) Yot AFANS
st @S WAz H o g AEe IR E A
o7 sk Who] e ol g1 T, @ A Axu
Sl So] YA AZA RES TAsEY a3A
T M 3837 9L s 847} 225 kDa9 =gl
ZO-101t". A AF ] F Al EAlole) BEF ghlmz:
occludin® caudin®] 4&A e}

HEEAE FolnA X AH BT T2 AFe 2
o|7} At} I EA o= BEFE (belt-like, zonula)2) 2
FAA 7L EATte V| AolmA TollE ¥ e (macula)
o] AFFAF EAshe Aog dEA JoE® HHdge
dutdog Axe F /A 7%, & AE/ 34E wA stn
ol& fAlskE 7153 AXAl|Z Bdo] B38lx] RalA 2}
@it 715 E FP. HEBA Lol F 29 FAAH 0]
EAZT. shie $30F Alxd Q43T BguA e S5
o EAgte Aoz shte HEd S Bu)sle 199l
A7 Folth, o|9} Blmdlo] FolRA EE Aold L
he EQ1 A9 Rl HHAgo] AT Wt
3 o) ZO-1 AL HUYPRAZ] L9 RolA ut
Zste] A At weh Z9Ro|ME BHE. ubHo|
cludin® Z7|HFEAMZAME 29579} A9l BF
HAG BHl-ASHBEA LM E R 23E o
o, ol YHHEAZ/L £3lsto] HA S Bu|ste Al7]d)
AZES] SAol BL A 44T o 2937 AHAH L A
FAtole] At 7|59 BHo] Ao ARl HPAYLe
49 BT fAd 2L BAHo] 9 Aoz BT} wa
Axel 247 7 FAYE e 70-10]3 AHA e
Fapgers ke 7MY 23 9EL occludine = A7t
& ¢ Ao,

£ AFNA A% 10299 NFI-C K/O AN = WA
M Z0O-1 Tidoe] HBRA T 2YZT Y20 A
25 FEEHA #EEd o, vgdAed Aol M E
ZO-1 @i do) WA 52| okeh(Fig. 4A, 4B). o]+ A=A
FotREA 7} NFI-C K/09 AHZ A FAbo] Adtaa)e] 3
gol o] FoiAA] edshe-S vElith =3 AF 17de 74
FTEREANA ZO-1 @id e A AF 9} NFI-C K/O A# <)
A BT FotRAEAN BF oFaiA SAHATH(Fig. 4C,
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4D). °] A= NFI-C7} Aot 371383 & 2|29 34
o F2 #A7] W] TR X FFQ] AJolRA L= A ZAL
ol AFAX FAoE FAHUSE vt Occludin
A e A% 1799 A3 AF Y AR FG BEA Aol
A FAA T3] THE Qo NFI-C K/O AF A9 v3
39 JolmA Eoll N Tde] #AEA] FUTH(Fig. HA,
5B). o] Hx|He] Aol wA ¥7} NFI-C K/Od 23l 1 &
ol ¥gatl2S Uehdh o9} vlmste] A% 1049 34
ZGOIRA Tl A ZO-17} of oFetAl BEE A9E =,
ol AolmA o] Yol T3tsld EAldhe Z20-19) U]
AR 02 AZ3P] og] FEe Agkely] wid

UEh 2ael Aoz Azt
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oldel A2 FHstd & Wl NFI-Ce gotzAlze] I
o FRZ 9T vIAE GotumAEe F3jet obdel
A & A FaT AsolAu, oo B He 1T
@3 BEd ] AsME NFI-C A234 faAste]
BEBA, NFI-C ARIA 47 = NFI-CE 238k A
ol B 7t At 2ed Ao Arith

|
=

V. g

NFI-C K/O AFANME FotmAEe Ealzpgd] o] 4ol
Zg o] Atz oz AJold FAJo) ool A7l AF FA
o] EghAsHA o] FoA = Aog LA Uk 2y oldl o
o a3 7| & G A A Lt AdolBA 2} #3lsly]
AR o7 Folde FAsE Hoe A} AFxAe] INE
wz 2 22 glE]ojo} &, o] ol thgdt Al XTAte] A
A Bol 2% 4TS 3= Aoz LA U

B dolAls NFI-C K/O AF oA ol dAe o]l
A7) Aol JolmA| x| Fejeha wsle}l A ZAto] AR
Eol 71%5S A £3 Aol 7191 AQIR] Lol 93}
o, NFI-C K/O AF oA #Ag v g 32 olRAXES
38 2 Ry A AL o] 83l geigEos #FEa,
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Light micrographs showing cross sections of incisors from P10 wild type (1A) and knockout (1B) mice.
A A normal incisor shows a circular dentin (D) and odontoblasts (O) that line the inner surface of the
dentin. The pulp chamber (P) is filled with pulp fibroblasts. B: A mutant incisor shows an open area as
a result of failure of dentin formation by abnormal odontoblasts. Note thick osteodentin (OD) that con-
tains numerous trapped cells and abnormal odontoblasts lining the inner surface of osteodentin.
Abnormal odontoblasts demonstrate totally different morphology. They have a round shape (arroe-
heads), and many cells embedded in osteodentin. Note their morphology that resembles osteoblasts and
osteocytes. Am; ameloblasts, E; Enamel. Scale bars = 200 p#m.

Light micrographs showing longitudinal sections of molars from P17 wild type (2A) and knockout (2B)
mice. A: Fully differentiated odontoblasts (O) are elongated and extremely well organized as a sheet of
odontoblasts located perpendicular to the dentin (D) surface. B: A mutant molar shows an preodonto-
blasts and odontoblasts demonstrating different morphology. Odontoblasts shows well organized and
elongated in coronal dentin area. However, preodontoblasts shows disorganized pattern especially in
root dentin area. Am; ameloblasts, E; enamel, P: pulp. Scale bars = 200 #m.

Electron micrographs showing odontoblasts in longitudinal sections of mandibular incisors from P17 wild
type (2A and C) and knockout mice (3B and D). A: Odontoblasts in wild type incisor are elongated in
height, well organized and tightly arranged (Uranyl acetate and Lead citrate stain, x1,000). B:
Abnormal odontoblasts of mutant incisor demonstrate totally different morphology. They have a round
shape, and not tightly arranged (Uranyl acetate and Lead citrate stain, x1,000). C: There were many
intercellular junctions (arrows) such as tight junctions between odontoblasts of the wild type mouse
(Uranyl acetate and Lead citrate stain, X7,000). D: Neither intercellular junctions nor terminal webs
are observed in odontoblasts of knock out mouse (Uranyl acetate and Lead citrate stain, X7,000).

Immunohistochemical localization of ZO-1 in longitudinal sections of mandibular incisors from P10 wild
type (4A) and knockout mice (4B), and molars from P17 wild type (4C) and knockout mice (4D). A: A
normal incisor shows spots and lines positively reactive of ZO-1 at the proximal (arrows) and distal
ends (arrowheads) of the secreting ameloblasts (Am). Weak immunoreactivity is also observed in the
secreting odontoblasts (O). B: A mutant incisor shows labeling for ZO-1 at the proximal (arrows) and
distal ends (arrowheads) of the ameloblasts. Staining for ZO-1 is not observed in the abnormal odonto-
blasts. C and D: Normal and mutant molars shows positive reactivity for ZO-1 in the proximal (arrows)
and distal ends (arrowheads) of the ameloblasts, and also weakly in odontoblasts. E: enamel, P: pulp.
Scale bars = 200 pm.

Immunohistochemical localization of occludin in longitudinal sections of mandibular incisors from P17
wild type (5A) and knockout mice (5B). A: A normal incisor shows labelling for occludin at the proxi-
mal (arrows) ends of ameloblasts (Am) and also in odontoblasts (O). B: A mutant incisor shows im-
munolabeling for occludin at the proximal (arrows) ends of ameloblasts. However, staining for occludin
is not observed in the abnormal odontoblasts. OD; osteodentin, P; pulp. Scale bars = 200 #m.
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Abstract

MORPHOLOGICAL CHARACTERISTICS OF ODONTOBLAST IN NFI-C KNOCK/OUT MICE

Seung-Bak Ko, Chang-Seop Lee, Nan-Young Lee, Sang-Ho Lee,
Heung-Joong Kim*, Joo-Cheol Park**

Department of Pediatric Dentistry, *Oral Anatomy, ** Oral Histology,
and Oral Biology Research Institute, College of Dentistry, Chosun University

NFI-C null mice demonstrated aberrant ocdontoblast differentiation and thus abnormal dentin formation
while other tissues/organs in the body, including ameloblasts, appear to be unaffected and normal.
However, little is known about the mechanism of NFI-C function in odontoblast differentiation and
dentin formation.

Odontoblasts are tall, highly polarized cells that are responsible for formation and maintenance of the
bredentin and dentin. An indication of their polarity is the acquisition of specialized intercellular junctions.
As preodontoblasts differentiate into odontoblasts, they are joined and attached at the apical end by well
developed terminal webs of cytoskeletal actins, and associated tight as well as adherent njunctions.

In this study, in order to investigate if disruption of the NFI-C gene interferes with formation of a spe-
cific or other structural proteins of the intercellular junctions, we examined morphological characteristic
of the aberrant odontoblast in NFI-C null mice using light and electron microscope. In addition, we de-
termined the expression of major structural proteins of intercellular junctions, ZO-1 and occludin, during
the differentiation of odontoblasts using immunohitochemistry.

The results were as follows:

1. In light microscopy, abnormal odontoblasts of incisors of the NFI-C null mice were round in shape,
lost their polarity, and trapped in osteodentin-like mineralized tissue. Mutant molars have relatively
normal crowns, but short and abnormal differentiating adontoblasts in root formation area.

2. Electron microscopy of abnormal odontoblasts revealed the dissociation of the round osteoblast-like
cells, the loss of their cellular polarity, and the absence of an intercellular junctional complex known
as the tight junctions.

3. A mutant incisor showed labeling for ZO-1 at the proximal and distal ends of secreting ameloblasts,
while staining for ZO-1 was not observed in the abnormal odontoblasts.

4. A normal incisor showed immunoreactivity for occludin in the differentiating odontoblasts. However,
staining for occludin was not observed in the abnormal odontoblasts of mutant incisor.

These results suggest that NFI-C gene causes dissociation of odontoblast and thus abberant odonto-

blast differentiation and abnormal dentin formation by interfering with the formation of intercellular
junctions.

Key words : NFI-C, Odontoblast differentiation, Root formation, ZO-1, Occludin
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