et 28alx 20076

NFI-C &

Iig

31(1) : 61~70

A0 FAIA S

'ZAgEn FRAES d74 2 29 BK2I
“aeteta X9 A gt

238 o)A - 44 - 245 AL AEF - PAG - gFA”

I.N B

Nuclear factor I (NFI) familys A1 ol A
adenovirus®] DNA EAd] H o3 ghld g 3
< BAHA NFI2 E5FA NFI-A, -B,
-Cot -X9] 4F 77t EAst B2 A2 44
A dde) gl T3 H8S st e &
AA Yo gEx ez NFI-A a7}
low o] WAyel o]/de] A7]™, NFI-B7} 4
AEH g} Ho] B o] o] AP,
NFI-Col #3te] &l Steele-Perkins 57
NFI-CE knock out (K/O)3}e] W54 -8 Hol
© A2E 7 AR AR B 7RG A2
o] FAHA &L FAE #FFsIY, NFI-C7 X
optAy g Foll 7, Z YA F8
F 4L & Aol eyt A2 v 50
2O EA EFQ MDPC-23 Al E7} ZJol A X
2 F3ste dAdA NFI-Co s ug
AR 7} FotBAE E3o nlA= 9FE A+
3ted, NFI-C7} flom AolmA 7} FA £
£ 22}l bonesioloprotein (BSP)<] ¥ &
FEITL 3K ol NFI-Coll 95t Aot
BAXY FHFPo] FRAEZ AT I $ JS
< AR A Aol

FotRAEE AEA S AEA BV 41

* MAIXRL
* 0] =22 20059 = SHEAIEAMT] X0 of5t0] ¢t
oS (KRF-2005-202-E00148)

A= 717 23 FAL He AEZ oA
dold g gAstn fARY. olrAlzE O
4 Edoz 7|3 A g EHjste 1RY
AL Y= AF2Z -3 AXett A XY
AESHEGE g dolRAExE 43 gd 714
o &= A g g Adold e X S
A2 gt AH G FolRAEE Alojole HE
b AgEo] A=Y EAHUH (gap junc-
tion), #H#H % (zonula occludens, tight junc-
tion), ¥2 u(adhesion belts), F2H4 (des-
mosomes) 5°| Atk AEA7} E7]7) HE ®
ZoM e i 73 W HHAHo] HAA
vehte dFEEAY ddz Jepdr) 94
A ALEe] Fa o Y2 So7ke o] dA st
B FUIES AP o] AERA =
A TAMAYE AEZE 443 ENE o
2oz yrhe Ao ol 14AQ FH
2 Yehdth, o] AR Eo| AotRA X7} 4
old YHE watA 3 FoZ vlg & 5 S
s, AolAd o] A EEC] FYHA R =
ATE7E BRolFE 48¢ P 2 5
< NFI-C K/O A7 <] AoluA x| FaH 2t
o7 #EA NFI-C K/O A3 2] ZdolwA)
ZE AR dolRA s gEA FEIEY
AR EGA ) 22 A FAL] AFFANES BF
& 4 ¢t S o] A3 NFI-C #4
A7t AE HH A ZAL] AFAFR| 9 FAdol o]
ol z#lEE Vet 29 FAHFL
Hertwig A3 &x9] X3} X2 AolmAxe]
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E3l7} F a3t} Hertwig A ¥ 227} 42 9l
ARl A AT AEZFE FofEAE
o $8% ZAHon fRalop Azel FA
o2 FHAGY. A 52 NFI-C K/O 479 A
29| AotRA 2o £33} AR g E
T H2 IR oM, A2 FolRAEY &
glol] F23 9a-g sl Hertwig 4y &x9
e gHA o] fF= USR] B3t E3,
NFI-C K/O A#H<9 Hertwig A¥ x4
cytokeratino] W@ o] AvTZI} 7|THCR
= AAAYE Buslsi.

o] AFeMe F7|H LR IfdlA] otrA
¥o| E3lag oA NFI-Ce & #3 714
< B3| kg A o7 A3y 93le], Steele-
Perkins 5 "ol 2lated 22 NFI-C (+/-) A
#HZE 9= (Dept. Biochemistry, State Univer-
sity New York at Buffalo)o.23E ol o] &
wHjte] NFI-C(-/-) AFE TEo] o[ & #A
gta A2 $HE NFI-C(-/-) AF 2] Aole] &
AE 2ATgH o2 BN,

I AsiilE & e

]

1. NFI-C founder®| HI&t

D) A3FEY &

nl= (Dept. Biochemistry, State University
New York at Buffalo)ellA] |32 NFI-C
(+/-) BF 2245 Z47he] Q) wel 2709
cage°ll #2]3t3ith 242t £2] 84 cagees &
T FEot 2AHE W7o #8319 ¢
H HEL2 NZE 34 48317 A8 4=+
ko] <t

ne o

7ke] b3} 717k AXE B oW A4FA
AR Z skA] gskeh dFA7te] kg5 7|3t
of A F F nigle A4 ¢ C5BLE
(Damul, Daejon, Korea)= 19129 Nfi¢ 7 #
o smstgen, 2ntele] Nfi-¢ 7 AE 44
T vie|ae] 4 CoBL/6 4 # 9 wrjE 8t
o k21U T Nfi-e " R ANE A} o2
A Aozl Al dde 7)) wel 247t
) olgla, ok 05mmel #zE
EA o AR E AT} 3 A

o
—

¢

£89| Ols4. I8N, 883, Hols. 285 NS B8

& Nfi-cF3 Nfi-cilo] % AlololA Elojt
Nfi-¢”" Z& o+ Al el mmjA] Wlole] dha)g
o7] & ¢ o 3AET

2) Genotyping® PCR

Nfi-c "9} 34 B6 AAE mulsto] FolR
A (GDHe nEE F 05emA = A 319
FHAF EA o AFE-SHA T ATE mE]= 1.5ml
e.p. tubedl tail lysis buffer(0.05 M tris; 0.1 M
EDTA; 05% sodium dodecyl sulfate %=
0.5ug/ul®] proteinase K)ol ¥l 58°Col|A] a5
Zob g3 A)7] & 8M potassium acetateZ 3 7}
3te] DNAE 9& + AUtk dojzl DNA=
Goronostajaski (2003)2] ®WhHel wg} U3k =
o)A PCR (Polymerase Chain Reaction)& 4~
st FAA BEAS sl B He
g 98t CBBL/6OIAM deRd AddA =
neo-cassette® X3t YA FHI|H o,
Nfi-c”" ¢ Nfi-c” Arolel A glolid AA A&
neo-cassetteE X = Y9 XA g
¥Y EFE PCRe 53t <183t PCR
94T 8%3F 9BTlA 30%, 55CelA 30%, 72°C
oA 30%9 ZHoR 33Ale] ZE Al
PCR AAEL 15% agarose gelollA] A7) 9%
ato] fHAl S 83Tt PCR AHE-€
primer & Nfi-¢ (A) : 5-CATCTGTGTGAAA
CAGTCTGG-39 Nfi-c¢ (B) : 5-CCGCTTCC
TCGTGCTTTACGG-3 =Z&]lar Nfi-¢ (C) :
5 -AGCAGCTCATCCTTCACCGCG-3'& A}
&al% e, CoBL/A6SH Nfic” gk 7Sl
A9B  primer® check3dldom, Nfi-¢” 9
Nfi-¢'" & il g 7$-lE A9B 223 ASC
primerg 25 checkdt$ith.

~F
=

3

N
A
A
]
[
>
s
Ha
0o

EX

Ton

1=

-

ot dAIA 719 A AF (wild type) S
WHE 5o AojR NFI-C knock out (K/O)
MHE 4% paraformaldehyde §9-& o] &3]
57 DA F A etE g E3S v E
Hzole) 5Y uH Aojr] s Bk A 1A
319t} 109% ethylene diamine tetra— acetic acid
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(EDTA)-1% paraformaldehyde (pH 7.4) £-<§ )
A 2 FgEsta A, 85 59 HAF S AR
U3 g2 2o 8t 5 um FAR HAAEE
FAl o7 Al AEta B A X ol RE F
AR7A Aol Fuko g Fato 2 Al
o} 9de dHE HAZZSEAGA S 99
AT B39 42 e %‘“" o] we} hemato-
Xylm eosin®. & A ¥ JgHn| Aoz #H#
st o,

L. sz
1. NFI-C K/O M9 Genotyping 2t

C5BL/6SE Nfi-¢~ mHjdt ZA$ol= A9B
primer& check3t9< o, A4 AF 9} Nfi-¢7
AF7F gy, A BFA = Nfic f-42k¢]
A4 99 358 bp PCR W=7l #ZE Qo
Nfi-c¢”" B Nfic f421e] Faaddgel 358
bp PCR Wl=st #aEx @skch Ni-¢7 %
Nfi-c” & )3 2 %o = ASB primers} A}
C primerZ Al&3la] PCRE Al&9S o 3
4 A7+ 358 bp PCR #l=gt #3Eglon,
Nfi-c” 87 & 358 bpst 545 bpe] W=7} %
FEEQ oMW Ni-¢ AF = 358 bp s ae_r
ZE 2] e¥skor} 545 bpe) neo-cassette HlE=TE
#a=E A (Fig. D).

2. NFI-C K/O AiF9] SO0t &

A4 BA, Nfi-c" A%, Nfi-c” A2 %9
oz #AY LS W 33 WA Nfi-¢" & Ho}
s e 249 o4g wd ¥ 4 ge
Nfi-¢" A= Mo}e} Ax)9] do]sg} A Ao] 7&
A% 22& B39 (Fig. 2A, B, C). 34 A4,
Nfi-c"" A%, Nfic " AR 93713 %52
o7 AMgEle Wl AT Wile #EAHA &
skth (Fig. 3A, B). Nfi-c” A% Nfi-¢” A3
2 Wil AE W B AFE 134k, Nfi-¢”
AL 187lEl, Nfi-¢/ AFHE 4ntele) v gz
A3 (Fig. 4).
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3. NFI-C K/O Ai(O] SEfStA Ho}

A AR AR I FEAAN FHL He
AFEAEL s 48 Aol ARt B
Fo2 FAE Aotdd gotde] WHd 73
Ao g wge FolrAErt #FHUY. & ¥
A A2 dotd FHA2 ARMED ZA XY A
FANH R EALE EHE il—’FZ:Z‘J o] &4

T %t Nfic” A# 9 dA) P& FEoA
T 38R ¥4d HEd OHJ °‘“‘—4 4%
2 Fotd & Adstne A5 FHd ¥
A Q Adotdo] ol A= AN (Fig. 5A).
B 3A QL Aot s B XS] FdH
ANew, S4& B2 e vBFAY dobs
AE7} 1R GAHQ Zotd de wet B9t
3l wig sl AT EF A 2R98 dopd
o] FAHA 2 Az AF5He] Fotdd 9
& EEidolA &3 =EH JNeH, AFxE
2ol AAARA A FRE #F T 5 AU
(Fig. 5B).

Iv. &2 2 1ot

= ole] A& 243745 (dental epithelium)}
i dA ZHGAE (ectomesenchymal cell) A
ol9] A¥-zt¢izte] A33AES T3 2HHY
A= B Sy a3 ool (4343 E o}y
(dental organ)& ¥4J 3t HYEA L7} £3}8}
+ e, A FHAEE A FF (dental
papippae) & A3t AJol A E e} XM 27}
B3lalm o]So| @ Aold T} AF+E FAF
o} oAl THEAEE =3 XS PAEHY
o] AIXEC] AIMEA, X FAd 183 A=2E
£ A, Aol AHE Fol WA
(internal dental epithelium)2} ¢]X] 45 (exter-
nal dental epithelium)7} X3 ol#|Zo 2 F24
3l Hertwig 43 &% (Hertwig's root
sheath)2 ¥4 3t} Hertwig 49 2271 X2
o] e AAsta AT Aol S A= A
olRA £ BEE FEIT,

el NFJHAEZFE FolBHE HAFA
¥ (preodontoblast)E AAH FolEAH 7} F3}

63



3l ddle WHRAE ATAE (preamelob-
last)e] EA71 R oy, ujdy FFAE
7} BolEAE ATAER £5}stH AE7 2
AR 3, ME7} 7| A F X, S4E HA
=, FAA| (Golgi complex)7F 8 Yol $1X]3}
o ZHNFEAA Y ER)o] Al X2 71AME ¢
ARABHA Aot AolRAE HAFMETL Aot
AEZ F3lstH JotRA X9 Y4 S F3
A% (adherent junction)o]\} X2 A3 (tight
junction)¥} 22 M X AFAA] (intercellular
junctional complex)7} &g3iA BoH?, Aolm
Axe A1gy 13 ad9dy 2L /717149
e Ty AolRA XS AdolA e niA
Wl o] dentin sialophosphoprotein (DSPP)& &4
o) gt} oA el 71d o] A& wet o}
BEAEF AEE E715E 94 Foz o] 4
ol #el E3|A Hu, AFYHog FolRAE
© AF 7H8AE] dotd e Hhel AXEA A
o}dg fA A B, a2y o] ol
Az 37y gid 7142 ol 7HA] & &
HA A &t

Nuclear factor I (NFI) family® AA-E24 <1
AEE H, 47, d2H, A L A AM =
NFI-A, NFI-B, NFI-C 23| 2 NFI-X9] 4] 7}
A FAARAER o]FAA gl Drosophila
melanoster$} Caenorhabditis elegansol| <= 3}
e §Az2 P4 Qg NFIe A8
T A adenovirus®] DNA B0 &3 ¢y
A2 Ag FAHAo, e g2 XY
FAAES] ddol Fa3 &2 e 99
Z e Y o)g S0 NFI-A &
AA7} glod Hol wye] o)go] 47mP,
NFI-B7} A =H = 9 #o] T o] Fo] &
Acf®, NFI-Col #etede HZo] Steele-
Perkins $*¥¢] NFI-C& knock out3l® 3}e}2
e FYA)7] 4A A1, FHA Az oF
7ke] o) fo] AL AT 53] FAE A
BE-= FAAo AT 2 o] HAY HFFH R
HAE T 3oy, NFI-C7} X2 Aold A1
A F dolEAxe E3HANN T8 g
< &= A

o] AFeA G AolRAEeGE TgEA

64

T OI5L. H8HN 2855 Hig= 285 208 ¢E

NFI-C K/O A#A 9 olBAEE AE9] 7|7}
Z3 B g Egolrt o] AEEL T3 A X
ST ko] AAH D A X PFolgr} B
5 ouls B e 2 g7y
B A A Q] Aol B A EEL A4 E0] HAF 1|
3449 ol Iy AU o] A=
NFI-C #2427} 4¢ =W M EAl] AF3A
9] PAdo| W= ARH oz HFFHA 4
ol A X7} Eal3lm, o] whh vgdHQ A4
oldo] AH = Aoz ALE & Ut =3
o] A7 NFI-Coll 93l ol 2o ¥
ol gl F ULE NS A+ A2 &
F NFI-Col| efstel 2dHe FAAA ]
B A7t 98% Aot
Steele-Parkins'"5¢] o] <8¥ NFI-C
FAAE Aot LAY AN g TFEAE
de A Fout FolRAX AFAE
A B s 7] A|ESte Agole A e £33
gxjo] 7ol e} wdo] F/RItka it
NFI-CE ZEAMEIME S ZA Eol|A
' 2ER geda st 28y NFI-C
K/O RBF A F2A & oo flo] Aol=mA|
Fo| B3lo} Fobd GAo|ut o] ifo] 2gH A
& NFI-C7} Aoln A Xo| vt Aeja oz 243
< omgte}, E3 NFI-C K/O A7 Ax ¢ 3
Ao A AFLE FFAoE FAHY 2L &
PR e v 3G E dFINE A3
1049 NFI-C K/O AF 9] Az Jd FEA
€ A #{FY dF9 FAAAQ ol & A9
e AG FH ol v FFE QA Agopdo] Bol
5ol e HFEAQL Foldde B
AEE0] FAYH U, 2K Aot
o] FAHA & AT HZo] Aold ¢
3 EMolR &1 =FHI Yo, AFE
Z)o] A WA e #E & 5 AU
A% 1749 NFI-C K/O AF 9 74 $¢ ¥
e X He] Fopd e A2 FAH O
U X2 G B9 golde 4L A
& 5 Ak FxHo ¥ste] WX Fe NFI-C
K/O AF 9 o]de] FE3A et AL AHA
Fo Hlgte] FRF- X Tl AlV|HoR
A o] FjA] 7] W29 Aoz gud) o] 4



Kawng Hee Cho, Dong-Seol Lee, Seong-Ho Yoon. Hyun Sook Bas,

Heung-Joong Kim. Ji-Woong Kim. Joo-Cheol Park

= NFI-C F32p7F Xofbe] A oA oA F
7] Ao}e] ¥y L}%ﬂ E3] X Pl TaF
9&g 3t AL 9|3

o] @_?ow C5BL/69} Nfic”™ sull gt 7 $-o
genotyping®] 23 A4 AF S Nfic”” 837}
gloj ko Nfic” ¢ Nfic” & mujgt 4 $ole
genotyping®] 2% A4 AF <k Nfic” 47 2
23 Nfic” AZ7 #=Qg. 28 1 24
H) &L 134: 78 49 ¥ &2 Nfic” AFA &
A8 woreh. o] 9k #&AF}e] Steele-Parkins' &
£ 1729] heterozygoteE mH3tRAS W AA
A7 9} Nfic” A7 283 Nfic” A#7} 33 : 87
1349 vl&E dde] R E S mEga o
t} o] Adk= o] ATy ALY i gt
o g T thekdt BMo] QS AARRIT E
g o] A M Nfic” BH2 4377 §%52]
S 2 A3 S wole AFY Aolu AEE
o] A=A ¢kskrt o] A= Nfic F312k<]

AEo] AF e A AEE A F3¢E 0|
A& go Kol o] Foz Qs 7HHA
o2 AFe Wyl 248 F IS v

AZH o7 o] AFE E3ld AF A=
Nfic”” A#E o &8t & F AolmA Lol &
5‘—}9} gotde] B4 S - 844 #
gt AT, NFI-CoF X234 FARee] dad
Al, NFI-C AARIA A7 2 NFI-CE 2H3t=
A 5o BF 27} AF o o] FolZrhd o]
Aog Aopdel A olsg Aotael
A fEol S8 & %+ g Holth

vZ E

NFI-CE olRAM 2ol FdA o2 dds e
ZAARIAZ NFI-C7} glowd 2|2 “dold A
=+7é=+ ‘ot R A 0] £} o) o] o] ZeH

Aoz defA glont ol it W Eet 714
% Z 4EA A gt

ol AFo| e A7|H o2 FUddA AolRA
o] Ry oA NFI-CY 9&o) &3 714
= dBH o2 AT §8kd, NFI-C (+/-)
AHE Mo ZHE Wol o|E wulste} NFI-
C(-/-) BHE ©ES] o]& FA8tx, M2 1
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# NFI-C(-/-) BF & genotypingdti &<
o #AZ g XolY EFJS 2AFHoR
#Adso oL Ze A3E AU

1. CBBL/6%} Nfic”  mwl@t 73 $-ol genotyping
o A7} A4 AF <} Nfic”” A7 7} Holwtel.
Nfic” 9} Nfic” & mulg 7 -$-olE genoty-
ping® A7 A4 A2 Nfic” 47 283

fic”” AF7F 2AFQcE 2V 2 24 ¥
$& 1347842 Nfic” AF A BA3] w3k
o},

2. A% A, Nfic” AF, Nfic” BHE gete
2 #FRY S ) 3 A Nﬁc*” = ‘1 o}
o} g2 239 oS A & & ey,
Nfic”” A7 & st [Ae] dojs} 77|
a3 AAE 2T

3. %4 AF, Nfic” 87, Nfic”” 4#H 5L 93
717t frEA o2 ARSI S W A S Aol
U AEES] #EHA Eogrt

5 3 AFAAAE FAHQ Aoldo] AR
HhAo] Nfic” AF e 2 2o] oAz X4
F9 o B]PZAQ Fopdo] Eol YAHA
1=

o] A7 AT kg A< Nfic” AF 9] &Y
< E3ta] A Aold Ao A At
7VsdtA stgou, Bot 2849 A7 93t
A& F Nfic” A9 AL ZAE 3
Hol mAlg)ojo} & Aoz AlgHch
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Flg.
Flg.
Fig.

Fig.
Fig.

o A w

. Gross observation of normal (A), Nfic

Explanation of Figures

. Conflrmation of Nfi-c”” mice. (A) PCR primer set. (B) PCR genotyping of littermates from Nfi-c™ two

heterozygous cross. (C) Comblnation of PCR primers.
= (B),and Nfic”” (C) mice. (C) Showing abnormal maxillary and
mandicbular inclsors

. Growth features of normal (A) and Nfic”™ (B) mice. There was no growth retardation in Nfic”™ mouse.
. Birth rate of Nfic” mice from Nfic*” two heterozygous cross.
. Photomicrograph of cross-sections from normal (A) and abnormal (B) maxillary incisors. (A) Showing a

circular dentin and odontoblasts that line the inner surface of the dentin. (B) Showing an open area as a
result of lack of dentin formation. Am, ameloblast: E, enamel: D, dentin: P. pulp: aD, abnormal dentin.
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- ABSTRACT -

Maintenance and characteristics of the Nfic-deficient mouse

'Kawng Hee Cho, 'Dong-Seol Lee, 'Seong-Ho Yoon, Hyun Sook Bae,
'Heung-Joong Kim, 'Ji-Woong Kim, 'Joo-Cheol Park

'Oral Biology Research Institute, Chosun University
ZDepL of Dental Hygiene, Namseoul University

The phylogenetically conserved nuclear factorl (NFI) gene family encodes site-specific transcription factors essential for the
development of a number of organ systems. There are four Nfi genes in mammals (Nfia, Nfib, Nfic, and Nfix) and single Nfi genes
in Drosophila melanogaster, Caenorhabditis elegans, Anophelesspp., and other simple animals. 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. However, little is known about the mechanism of NFI-C function in
odontoblast differentiation and dentin formation.

In this study, growth, fertility and morphological characteristics of Nfic-disruption were observed in order to maintain and
characterize the NFI-C null mice.

The results were as follows:

1. Fourteen heterozygotes corsses produced 215 F1 progeny distributed: 134 wild type, 78 Nfi-c”", and 4 Nfi-¢”". The single PCR
distinguishes both genotype and sex. Primer A and B amplified 545 bp of the Nfic gene with neo-cassette, whereas primers
A and C amplified 358 bp of the original Nfic gene.

2. Gross observations of the mouth and jaw of Nﬂ—c’/
incisors.

3. There were no growth retardation and increased mortality of Nﬁ-c’/' mice.

4. In morphological observation, abnormal odontoblasts of the NFI-C null mouse were round in shape, lost their polarity, organized
as a sheet of cells, and trapped in osteodentin-like mineralized tissue.

~ mice revealed virtually no mandibular incisors overgrown, thin maxillary

These results suggested that this animal model provides invaluable information on understanding the molecular processes
responsible for odontoblast differentiation and dentin formation.

Key words: NFI-C. odontoblast differentiation, dentin formation.
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