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zAdgm Ao PRz Sal
zXetw X\ e L7te)stmall

AR Q™ - AeHT - ol

LM B

zlote] WAL AA7](bud stage), EAMA]7]
(cap stage) & FA71(bell stage)2] A SA=
AP}, AA712] A vl (tooth germ)= F¥Z
Zlo] 2wl 94 7+ (ectomesenchyme) Z0.7 &
&3 FH 2o A2 W, A% FHd g
BATLAAES] AL3HA BAUth ZAA 7 &
A zA o] YA o2 FA ) 7IHEA
29 AHFS Juig gzl WET} Fo}
1Al =& dAlelt). o] Al7]& 2] o)) #(dental
organ), X o}f-F(dental papilla), *|‘d(dental
follicle) 22 FAE o] AEF2 o] dojutn &
d FAEFe] T2 HNEZER E3¥ie 27
w37t dojdth, BAA 7] SHHRE £3817} A]
o] FAZ] B EE Kol BolgE #
E Axydog Wa "o 7] Fode
2] #(dental lamina)e] 34353 Ao}z (dentin)
7} W4 (enamel)o] FAH 7] AlRRR Aol
A Hde 247 A MEQA AolrA
(odontoblast)¢} H ¥ E'Jﬂj(ameloblast)q] 2] 3
Al BA8EI, o] MEEL <udA 7Y (ecto-
mesenchyme)¥t -7 *M oral epithelium)} 4]
71¢o] "t} xole] F42 g} 4

N

* A AL
= (A PSPNS

FME Atole] B33
< B3lA o] FA4A
Aol A EE A5 (pulp) FHE Ee &
o AxFdoz old Y= 4 7*51*‘6 3
2 A #H(dentinal tubules)olzt EEle E7]1&
=T} golRA E= 41754 (neural crest) *ﬂ
fee UM ZAA 71, &
olde] 87714 A, BH|sle] A3|se] B
A}, olrA EE *}OV'«] A3sg 2%
she 439 B¢ AA S 2™, FoHE
(predentin)ol & #| 183} 118 w2z} ge vt
ZAgA] uErA 42X E(membrane-bound matrix
vesicle)o] 2HAlE o] It} Aol Eol| A HH]|
H o] AZEL 7~tﬂ 7]J}o§ o]Eo}tﬁ}q /\l-o}
Ao Mg 3 2E AYA T, Fold s A
33} 3 ze] Fxolu; Ao Hojste A
Eo] Bo] ¥EHM, 7 FHEE dentin sialo-
phosphoprotein(DSPP),  DSPPe| X35+
deintin sialoprotein(DSP)$} dentin phosphopro-
tein(DPP) 18] a1 dentin matrix protein 1, 2,
3(DMP1, DMP2, DMP3) 5 ©] 3t}

Fu) g okl Ba)) § 49 A A (secretory le—
ukocyte protease inhibitor, SLPI)+= 11.7-kDa
2719 cystein—rich @A 2 A A A
SAE, v 2 7138A] FAAFl e AFAEL
dH RulsEle Aoz gA Yo’ SLPI
hilld 3$3x= NOdRE CEER974] As

3 S L/

i

l

51



Felo|= RE3} BH|gjglol HEo2 A
o] glon, Eujgeto]l=e] ¢ YA T L 3
dFHH ZuQlo] Yxgta, HERH e
AR 4A =wQle] gt

SLPIS| @A Ze A e dsEEH
e = 2R Fag dolEAZA] F
£8® w3k lipopolysaccharide(LPS)e] 2|3}
A= i A A Eel| M EH| 55 LPSe)| <8 &
Astd d5e B A0 AES ik 4
2g5 gdohn BR3P, SLPIE A8 #in
vitro)® A (in vivo)oll Al A=A X-§<f Al £
ko "730}1 HIV upo]e]2:9} uhg| o} 1}

< dAEte 7ITE e Aoz dHA Y
”). c1E A—ML SLPI7} A Z HAo] 49l
A3 sete AFddE HaH o,

AA7HA] delRA SLPIY o8] 714 753 &
Hoz vRojuol, SLPIL Aok WY F
NAE 745 9 I3 BeHg &
243t 24 dNAZA Y 7hsAe] UL A
o2 AZET wElA, B AqtoA] oAt
A F dolE Ao BodteE AolRA| FoA
SLPI®] H&-& Golrr] 3], Kol dAE
SLPIS] 93 3 xot Pz Bus vla &3
EIaia=s

I AElizE & e
1. DAHE K&

A 18Y, AT 14, 4Y, 109, 154, 2049
237 (Damool, KOR)Z 4% paraformaldehyde &
Y& o] &std #F IFAZ F, FSAFE X
8ol obF8 A E3lo] 4T paraformaldehyde &
AoA 16A17F A1 &} Phosphate Bu-
ffered saline(PBS, pH7.4)89 0.2 2412k A3
3l 10% disodium dihydrogen ethylene-
diaminetetraacetate dihydrate(EDTA, pH 7.4)
A 457 HIFHY. EFE Yo
70%, 80%, 90%, 100% I, 100% II, 100% III 2
100% IV o&& AYE 47 1241244 A28}
%31, chloroforme 2 £33 #A S Ax = =1
S AFAA 2o st =4S 51-lm«] A
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Q. H+E 0/%el YA 2ies NEA

Hoz vHE F ethoxysilane(Sigma, USA)S. &
AR frel Etol=d &AM BEAET

2. In—situ hybridization

676bpe] SLPI cDNAE A|d&4A2 A 3
% 15% agarose gelol| A A3 35 Folstich
Ag3ld DNA ©#H-S sodium acetates} o &
A -70Tel 408 Bt A3 AAAZ
o}, A A NS 14000rpm -2 208 Sk 94 2
ko] pelletS €3 ©]= DIG RNA labeling
kit(Roche molecular biochemical, GER)%} T3,
T7 RNA polymerase(Roche molecular bioche-
mical, GER)Z ©]€3}o] sense®} antisense
cRNA probeE A A}s}S3 o}

xégjaa ‘__Ii;quakgmht e Hhﬁog
gty FrAFE AR F 2 A%
formaldehyde)l| A 10%-7 113 8 ch. PBSZ 2
3] Al sk 02N HCIE 2083t A28 & PBS
2 AA3IAT 0.1M triethanolamine-HClol A
387 Whg & acetylation &94(0.25% acetic
anhydrate in 0.IM Triethanolamine-HCI, pH
80)°l 10%3t A2]stgict. PBSE A3 & &
T 2 gyl B S AX F7) Tl ARAA
ot AHel probed 83 50THA 1622 &
¢t hybridization A|ZAt}. Hybridization & 2X
SSC, 0.2X SSC 1, 0.2X SSC 1= 7+zt A3 g o}
<, 15% Blocking Reagent(Roch molecular
biochemicals, GER)7} ¥#%¥ Dig buffer
(100mM Tris-HCl, 150mM NaCDZ thA] A3
B3l anti-Dig antibodyE 1:5002.2 Dig buffer
Io] 84 3te] 1At <k A 2] 83l th. Dig buffer
I(00mM Tris-HCl, 100mM NaCl, 500mM
MgCl) 2 A2 &3l nitroblue tetrazolium salt<}
5-bromo-4-chloro-3-indolyphosphate ~ (NBT/
BCIP)Z 484tk Dig buffer IV(10mM
Tris-HCl, ImM EDTA)Z A% % vidad
(methyl green)o. 2 thZxA sl HAs)gic)
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o

< 39tk oA Y-S 5-1087 48], &
B2 HA¥o| o2 g w7tx] FAE T
Weigert's iron hematoxylin &0l A 1087t
Z 94 3 2% B 108 FABI

Biebrich scarlet acid fuchin &% © 2 15%3F
dMg & FHFFE FAEA 3, phosphomol-
ybdic-phosphotungstic acid £%oA 10-15%
b 2t g 3 FASHA] g AF
aniline blue &4 &A 10-2083t G4 £
SHFE FASINT Acid waterol A 3-5¥3t
Agsta g, §9, B4R S A £ F5gd
nFez #A3IGh

Botiin €% &4 56TColA 1217t Eer F
3l =

o o

1. &l

1. BAADI & BAD| =J(Cap Stage &
Early Bell Stage)

WA 189 A% 199 AR RN E 74
49 (oral mucosa)e HlET 5oldE Ze Al
FHEQ @)X A (outer dental epithelium), 3|
o}7]&(dental organ), WX|/+3 (inner dental
epithelium) 2 X o}f-F(dental papilla)?} 32
H A Fig. 1b). LA 1843} AF U2 FEd
A& SLPI mRNAY ¥dS #2338 5 At
(Fig. la, ¢). w ¥ FH2rL 77 et FioA
VER s, WX AR dkA
Rol} 38k A] = ZUrhFig. 1d).

2. &EAD| &J|(Advanced Bell Stage)

AE 499 AR L WG <3
A TrEoiAls ¥FgEe F4go| JAHAL.
SLPI mRNAS] &8 & X|$=el| M & 7381, Aol
BAEYG FgotAdMEe FsiA #AHUD
(Fig. le), ©|A|71 ¢l E4old ) A2 F M udd
o] AN A (Fig. 1f).

3. X&J|(Crown Stage)

M@0 AFee AF 1099 1599 2HE
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Ho| A Agoldo] AJotnA X o) Bol ¥
Ao, HE A A 3B o= Qlete
WA gyio]l 248 m A Ho
o A% 1049 FEA SLPI mRNAE 4o}
BAE ol &= Tomes E7|2 X Tsl= Ao}
AR HAREA dAE o (Fig. 2a),
AEFY A, dolrMEY HIAFH L IF
g FagolA ) AdolABolA ZatA 4=k
(Fig. 2b).

A% 15494 SLPI mRNAY] ¥HdL A% 10
Uz} FL3F A S GERARA| R Aol RA E oA
+ g A3 FEEA 0 (Fig. 20), 292 A
A2 AT 1097 vay s o, EdolddA &
olA7A] AAH oz #AEH I HFig. 2d).

4. XIOF Y=D|(Functional Stage)

AT 2099 ZAFZEHE ol wlZo]
#&E %l on, SLPI mRNAE AobA ZA X o}
NET} AFotRA Tl A FAE Y3, A=
el o] ok3lg] o m (Fig. 2e), SAZTANE
uk2-3kx] ekotth(Fig. 2f). w2 A Ze Aold
F AMEA T Hete X FAdAA FFHAT
(Fig. 2g).

v. O&

AopdAFY  F Y- 23 (epithelial-
mesenchyme)®] 43528 Az} AIAE A
TR dojdozA HIRAZI FAHD
PN ZRY A EL2HE AJolrAEI} §
A ol F B3lE AoluAEE Ao
9] 71 A& TS UTH?, Aol rA EE Aol
A AR E R A ZYU|AES et
W AolA o] Pl ATt ol A #E
He gld e uddA oo vluddy o
AE=R B3d A A T2 #AFHE A=
I 2o FHIZ A EXIE BAER UE
F St dobd MEe71de] 90%E AA 8t
YA ZS 198%)F I M(2%)F o] tiF-&
£ AA s, A X7 A9 10%H EE AR 8l
YA dulde]l 7 9= dentin sialophos-
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phoprotein(DSPP), bone sialoprotein(BSP), os-
teopontin(OPN), dentin matrix protein-1 (DMP
-1), meta loprotemases(MMP 1,-2,-9) 2 ame-
logenin(Aml) £o] .

YA MMFoNA [Fez Ay I3
oA wAAY Fae}t AMEL nPdde] FAo
Avd F3Fgel A 2AE =Y, o|EC
FAldl e E27F metalloproteinase$} collag—
enase2. @ <2lx . JFEHFAQ
matrix-degrading  metalloproteinase(MMP)<
AT a2 (pro—enzyme) 2 A 317} wojoldhn,
o] A= 7|AE ] A FINARA F
£33}, Prototype MMPE interstitial collage-
nase| A ¥ zymogenC. 24 BB HE FhE A

T 10/ Bt EAgY. MMPE A 3714
2 W =4, collagenase(MMP-1, -8, -13, -18)
¢l MMP-1& 1, IL, III, VI, X3 olmAe] &
811, gelatinasee A% (MMP-2)Z} BE (MMP-
922 UHAM A¥L VY ugdy dagx
Agtd & 573, B2 dAAE, S+ 2
AAAE oA BHEe Aoz g4 .
Stromelysins 1(MMP-3)3} 2(MMP-10)& Z &

H] 2 22] 7+ (proteoglycan), ¥ B 23 El (fibrone-
ctin), @) (lamin), 2 kel (gelatin), III, IV, IX
3 wdAdo] AL, stromelysin AlE ¢l
matrilysin(MMP-7)& 2 3 H 2del Agel
e}l (ealstin®] oH o] #FHEHA Sle AL
2 A gitk & 2ol gl MMP-202 o
2 A (amelogenin)®] g o] #HH8}7] wfo
of| L}l 2lo] Al (enamelysin) ©. 2 B8] 9Tt o]
& MMPE2 AAR1AE 5t op 2} Al 2 )7
Z o] Aol 9 3)A] %"éﬁ}lﬂ“/w.

SLPI+&= chymotrypsin, trypsin, neutrophil
elastase 2 cathepsin G 52 JA|58 S 714

3 3lew, SLPI 27]¢] e A R g4 xﬂ%L
T2 I EAY] ek Y3 2HH F
= g#A] Slrh SLPIe] ?%%@EJHRMI
H3 e 3599 #MY 24E Eié}b
o $83 93e a4 2 SLPIE $4 T
At 2EbA o o3 AFRE T 7] g HH &4
et WolQlatz A HuEglon, g E4
o2 A B A x&59 e 72 o
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To M& 0|Hg BIEE e FEA

[snxaH =/TreE, 58,

237 5349 549 HE fxdle F
3 &g e v 2 SLPIY V)% A
g HHAA AA o 23 dF2A
strp 3 sl gk dEE thE Kol o3|
3o 23 Agmq I\/HVIP 17} -99] #H]o
Tt AzAGHY L HEo 2 AFEZ
o] B8 E dAetE= 715S Uit Ao
D wal SLPI 4427t A< A7 744
o} A3 2] -2 of| 4 MMP-29F -92] 2do] &
Zhgcta STk, SLPI ¢lo vl d B ga
JAA = L&A A F, tissue inhibitor of
metalloproteinase-1(TIMP-1)3} -2(TIMP-2)&
gl B aAE AFHoR A Ht=
AENSS 2H3ME 714E B8l JAshe
Aoz Feix ok AdotA Lo A= MMP-1,
-2, -3, -9 To] AAH 1, o}d WYHA g
collagenase$t MMP-27} 3389 Alghe] /foly]
Aol FgHDom®? MMP-2, -8, -9 Bl
Aok Relea]  FAHAF N whebM
MMPE gop7| AP 7 x|o}-9-4 A& =4
& Aoz Yyddd

SLPI7} XAl AR e Bae @7t
7 gglen, £ A7E 539 Agon Iy
Zol A A Hote] AolmA LA SLPI
mRNAS} ehi 2l o] wajo] 3kolgQlr}, 2 A
o] Azpol|A old A A T ndde F4
I g &0 SLPI Hde 7l Holde] B
HES A stE wgAe] 595 vy gaiM
o} A MEZY 24 B3] MMPE
A 87] glsiMeta BztE R e, AdobRA Eo
A SLPIS} MMPe] a7 24 3A o dg A
T ¢ o zlgrojol & Aom HITh
B ArFa5g 834, RopdA I 5 SLPI
= MMPE 233t Aold 34 did F 7}
Z 2L v &S AR e 2939 B9 E 9]
A St Rz 4"

f
r-ﬂl A fo

v.g £

o)l & Lol Ba)) § 49 7)) A (secretory  le-
ukocyte protease inhibitor, SLPI)+ ?—i_] 2t ~EHA|
cathepsin G¢} o} 2 Tl A 28] 48 AT
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2N A EEE 23E BI%E Vs
gte Ao deiA girh oA B 2 X o}
W1 #e] JuEts, Ysietd ws)
g Fugo A g 7d dudEe Y4
Baj 7t dojuyte 3o SLPIE i Es) &
259 ZAGNAZ By 7l5A0] I& AL
2 Aztdo) a2y @7k x| ol A SLPIS
S o g gigt Rae A gt wakA,
B AFe APy F AdolBA Eo 9%
dotdy g FsloA SLPIY 98-S Yolr
71 918 AopdAdA Y E SLPIe| WA =}
T A E BEBIA T
Z2 oA mRNAZ &9lsy] HaiA
mRNA in-situ hybridizations A3 A3} A
ol RAE7} AFF o AER EashH Al SLPI
o o] Flelgith ndde FH S A3
7] Y mYAGANANE ¢ A= SLPIY 2E
B TG AIARA FAPIG A#H7 A GAE
B A3Aaz SLPIF Aol RA®

gt ndde §AE Bl A MMPE
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Explanation of Figures

Flg. 1. Cap (b). early bell (E18) (a). bell (PN1)(c, d), and advanced bell stage (PN4)(e, ). Negative results shows
in in situ Images at early bell stage (E18) and bell stage (PN1)(a, ¢). Masson’s staining shows slightly
posltive for collagen oral mucosa (om) and outer dental epithelium (ode)(b. d). Posltive reaction of the in
situ hybridization in pulp cells (pc) and odontoblast layer (ol) was observed at the advanced bell stage
(PN4) (o). Masson'’s stalning shows positive reaction in predentin (pd) and alveolar bone (ab) (f). do, dental
organ: Ide, Inner dental eplthellm: dp, dental papllla: al, ameloblast layer: ab, alveolar bone. Scale bars of
a, ¢, and d indicate 100um. Scale bars of b, e. and f are 20um.

Fig. 2. Crown Stage (PN10) (a. b) and (P15) (c, d). Dentinal tubules (arrows) are shown positive in situ reaction
and expression of SLPI Is more strong than postnatal day 4 in subodontoblast layer (sl) (a). At PN15, strong
expression of the SLP! is shown in odontoblast layer and dentinal tubules (c) compared to PN10. Masson's
staining of PN16 (d) shows strong reactlon more than PN10 in predentln (pd) (b). al. ameloblast layer.
Arrows Indicate dentinal tubules. All scale bars indicate 20um. After eruption of the tooth, at functional Stage
(PN20) expression of the SLPI is restricted to subodontoblast layer in pulp and periodontal ligament also
strong (p) (8). Negative control for /n situ Is shown in f. Masson’s staining shows strong reaction in dentin
and alveolar bone (g). Scale bars of e, f. and g are 100um.
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- ABSTRACT -

Expression of the Secretory Leukocyte Protease Inhibitor (SLPI)
during Mouse Odontoblast Differentiation

Je-0 Jeong', Soon-Jeong Jeong, Myung-Hwa Les, Joo-Cheol Park,
Heung-Joong Kim', Moon-dJin Jeong

Department of Oral Histology, "Department of Oral Anatomy, College of Dentistry, Chosun University,
Dong-Gu Seosuk dong, Gwangju, 501-759, Korea

The biological function of secretory leukocyte protease inhibitor (SLPI) is believed to be the inhibition of elastase, cathepsin G

and other protease, thereby protecting tissue from self-degradation by these enzyme. Tooth development is associated with
morphological and biochemical changes of the dental papilla and enamel organ. Among the proteins involved in the development,
some proteases and inhibitors have important role for reorganization of the each developing cells. The SLPI is thought as a
regulating protein on the synthesis and degradation of matrix proteins. But there was no report of expression of this molecule on
the tooth development, especially on the odontoblast. Therefore, the aim of this study is to verify the role and expression of the
SLPI during odontogenesis and mineralization during mouse tooth development.
From in-situ and immunohistochemical analysis, it has firstly described that the SLPI is expressed in odontoblasts during tooth
development. Expression of the SLPI was increased in differentiated odontoblast than that of young odontoblast and at the same
time, collagen was also observed, From these results, the expression of SLPI in odontoblast may prevent the degradation of
collagen through the regulation of MMP, suggesting that the SLPI may play the important roles in odontogenesis and
mineralization.

Key Words: Secretory leukocyte protease inhibitor, mouse tooth development, odontoblast. collagen
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