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EFY(pH 7499 ZZ 584 28 AL 25%
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THLZ 4TAA 127 B AnA e Al H & o
1% osmium tetroxide -8 (0.1 M cacodylate €3,
pH 7422 4T 314 9. 2 I8 94
ue} @it YA dRVE AXy X
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840A)2 2 #ASH

4. IEBNZSNZQ FA0l OIXle TGF-HQ} EGF
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A v TGF-p2} EGFY) 32 sl 93}
o] FUF WHoE FFA XS] £, wldE APt
A}, HEA 2EL 10° M Vit. Dgo] A7HE uy
gAoz vkt on AP Vit DsH 01,1 2
5 ng/mle] TGF-B(R&D system) EE 2 ng/mid]
EGF(Chemicon International Inc.)7} ¥% & 23}
A7ME WY o g mEste] wjaksloln 8UIte] uj
o] ¢ ¥ TRAP 94E A3t TRAP-%A
T A E) 8 &4, v wEc

LEHEZLAES] B DX S&
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1. DRINIEl &0 DIXle SXEN 5=22 ¥
=l

g2 R LE 8YZL WG 2T 8-
12-137F Axe] A 27 A =R e PTHE A
7Vt wjoket 49 ArlE PTH = vl8lsie 3§
Ad M ¥ $71 FrlE e L Jehyct
(Table 1). =8 PGE2 #7}ste] wjakd A% 107
M9 FxoAM e FAE FAARY F7} Azt A

= ¥ Jehiigiey BAH /oL gisln
10° M9 =2 PGE,2 A7lste] wjFg 4% §¢
Agle 277 #2E 9K Table 2).

Table 1. Effect of PTH on the generation of
multinucleated cells in the mouse bone
marrow cell culture

Nx#nber of Ratio
Troument | Mulineated | (tvetedCotro
Control 127 £ 222 -
PTH 100 ng/ml 188 £ 25 148 £ 022
PTH 200 ng/ml 190 + 274 150 £ 022
PTH 500 ng/ml 217 *+ 368" 171 + 0297

Values are Mean = SE. (n=4-6).
T P<005, ™ P<0.01, compared to control.

Table 2. Effect of PGEz on the generation of
multinucleated cells in the mouse bone
marrow cell culture

Treatment Mmgmmfwls mwl;?;lgomn
Control 120 + 071 -
PGE; 107 M 102 + 135 085 * 011
PGE, 10° M 205 *+ 349" 171 + 029"

Values are Mean + SE. (n=4-6).
* P<0.05, compared to control.
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Fig. 1. TRAP stalning of mouse bone marrow cells. No TRAP(+)-MNC was observed in control culture (A, x40).
TRAP(+)-MNCs (Arrow, x100) were seen in PTH-treated (B) and PGEx-treated cultures (C).

Table 3. Effact of PTH on the generation of TRAP
(+)-multinucleated cells in the mouse

bone marrow cell culture

" “Treatment Nuriber of TRAP(+)-MNCs
Control 44 * 09

PTH 100 ng/ml 116 + 232

PTH 200 ng/ml 159 + 311”7

PTH 500 ng/m! 183 + 348™

Values are Mean = SE. (n=7-10).
* P<0.05, " P<0.01, compared to control.
MNCs : multinucleated cells.

2. TRAP-2i LISHMIZOl S0l OIRl= SXEH
S2=0| Hg

o2 FFAIEE 8YURE W A-F hETAA
¥ TRAP-349 484 2 #2021+ TRAP-
F R EE A #AHA &ken (Fig. 14),
PTH ®& PGEE H713te] Wddt B tee
TRAP-44 tejAl 27} 3494 #2¢ 4 YU
(Fig. 1B ¥ 1C). E§ PTH ®& Vit. Dy 7181
g Aol ok 107] fidel A& 2te A E

7} B 28 WA PGEE AUietd W Fd AS

FA7 ol 4e] ¥ e At TRAP-94 thaA
¥= #AHANFig. 10). TATA 3222 Folet
of wjoket ¥ AR TRAP-9A tAA 2o 48
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Table 4. Effect of PGE: on the generatlon of
TRAP(+)-multinucleated cells in the
mouse bone marrow cell culture

Treatment Number of TRAP(+)-MNCs
Control 06 + 024
PGE; 107 M 124 + 324"
PGE; 10° M 690 * 1475"
PGE; 10° M 980 + 1754

Values are Mean = SE. (n=9-10).
* P<0.01, compared to control.
MNCs : multinucleated cells.

Table 5. Effect of Vit. Ds on the generation of TRAP
(+)-multinucleated -cells in the mouse
marrow cell culture

Treatment Number of TRAP(+)-MNCs
Control 0
Vit. Ds 10° M 0
Vit. Dg 10° M 78 + 185"
Vit. Dy 107 M 150 * 661"

Values are Mean * SE. (n=4-6).
* p<0.01, compared to control
MNCs : multinucleated cells.
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Fig. 2. SEM view of giant cells (x1,000) attached to the dentin slice in control culture (A) and PGE:- treated
cultures (B). SEM view of resorption pits (x2,600) formed in dentin slices by bone marrow celf in control
culture (C) and PTH-treated cultures (D).

#aayon PTHE Arlele] sjgd 29 H718
PTHS] %ol v]sld PA€ TRAP-%A chalA)
29| 47} Z713tAtHTable 3). PGEE #71ste] uj
kgt A= BAH TRAP-9A th&A 22] 47}
AH71E PGE:9] FXd vl# s F7HE GA3-S vel
HRer 344 BgAX¥e % PTH %= Vit Ds
AN o HlBte 71 B A S-S JeERIATKTable
4). 9 Vit. Dy A7eb] i A4S 10° M| B
TolAlE TRAP-9 thalA 2] #Ajo] #EHA
oo i 10° 9 107 Mol FE2 Hsletd vl
A% ohgeel TRAP-4A deiA 7l A5
(Table 5).

3. FANEADIE A

ol A FEAEE AolAH YolA vt F 4
ofd¥d s e ¥ 23 FolAAd FA
HE 9ol BYE FARAAY A2 #Esg
o}, 8U Y Wi o] B ¥ t2F¥ oz} PTH
TE PGE:E 3713l vt Ao chelit Yejol
AN E7} Zold e B Sle F3E #F
g 4 AU Fig. 2A E 2B). F3E A ZE A
v doldHe ¥AE FroE AT 29 dx
ZAAE F5271 el e (Fig. 20), PTH Ee
PGE:Z A713te] g3t 39 bt Pele] F49)
7} &= A ckFig. 2D).
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Table 6. Effect of TGF-p on the generation of Vit.
Da-Induced TRAP(+)-multinucleated cells
in the mouse marrow cell culture

M ’Imtznent Tﬁiﬁ%&%
Vit. D5 10° M 78 £ 18
Vit. Ds + TGF-B 0.1 ng/ml 147 + 529°
Vit. Dy + TGF-B 1 ng/ml 10 £ 1.00"
Vit. Ds + TGF-B 5 ng/ml 10 *+ 058"

Values are Mean = SE. (n=4-6).

* P< 0.05, compared to Vit. Dz only.
* P< 001, compared to Vit. Dz only.
MNCs : multinucleated cells.

4. THSNEANEO| SAM0| OIXlE TGF-8QH EGF
o st

99 4gE Tt w2 SFAE W] B4
e gzt SE2AZGAEdS 8% ¥ o]
A HTAEFAE] YA vlRe TGF-Het
EGFe) 9%& #&a4ch 25AE WA 107 M
o] Vit Ds& A7}eto] w4 739 TRAP-SA oY
AX7 AU TGF-BE B3 Arlste] Wi
A% 01 ng/misEdME 2 71 7k e 1
3 5 ng/mle] FEE F74ste] vt 7 Vit Dol
&t} PAE TRAP-FA DA £ Aol A
2L F2E & UYtHTable 6). FH SFAE W%
A Vit. Ds?} EGFE B33 71ate] af g 44 Vit
Dyoll 23] A E TRAP-%A Al 2] 427} EGF
o ozt ZrE%em o7 oAl TGF-pE B
A7sre] W% A$ TGF-f GEH7IAISE fAbet
Al AezoAE TRAP-FA tRIAXY &7 57t
H91 52 FEAANE dA=H 4vd 285
BRIl TH(Table 7).

v &

2 dFdqae AN a2z #38
AF7ar] 95t M gol AHesE w2 FA
X ujPd e o) 3l AIAHEGARTL FAd 1
Ay F£F FIAYH 223} TGF-p 2 EGFe
o g2 A} vk~ FEAXLE FEjdk 8Y
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Table 7. Effect of EGF alone and combination with
TGF-B on the generation of Vit, Ds-induced
TRAP(+)-multinucleated cells In the
mouse marrow cell culture

Treetment TRP‘:‘;’XRTI\KCS
Vit Ds 10° M 78 + 181
Vit. Ds + EGF 2 ng/ml 217 £ 137
Vit. Ds + EGF + TGF-B 0.1 ng/ml | 263 * 753"
Vit. Ds + EGF + TGF-§ 1 ng/ml 133 £ 581
Vit. Ds + EGF + TGF-B 5 ng/ml 07 = 033"

Values are Mean + S.E. (n=4-6).

* P< .05, compared to Vit. Ds only.
* P< 001, compared to Vit, Dy only.
MNCs : multinucleated cells.

7 ekt A% o 12-1370 9 GHEA Xt A L
o PAE A2 £ PTHE 718k v g
7% =xd) vEse 2718 Qn(Table 1), PGE S
Azbete WP A 10° M =204 Fd4d8e
Z717} BAFQHTable 2). o2 § A EFo0
oZAE EAE 20 A B Hdte o
g FAYA TEES FUisty FFALE WU
% B3N 2e EAHEQ TRAP 948 A&
v} 2y A% 84ztel wig$F TRAP-44 @
AT BAEYo TRAP-YA A TE A e
YA )R] ko (Fig. 1A), PTH, PGE; ¥ Vit. Ds.
< A7veta] v g 735 e TRAP-FA t¥ A
¥7} #2€QohFig. 1B 2 10). =& 2tz 223
A Z2RE Arlete] Mg AL 25 HUtE 22
29) FXo) vl sl TRAP-U¥4 FdA £ 571
71819 2(Table 3, 4 2 5), 53| PGE& 3713t
Wl okat A9 A ol & Zte AU U4
Ix JAE S #FY & AAHFg. 10).

PTHE Z&F4E £338le B 322024
AA L AFERANAY B 1A RFTAH X
A7)¢ FE3HA9 A7 E VML EHN HEAR
o A& F7AAGa A Q. A2 89
PTH 8471 $ZA¥7} opd 2FAZA EA3}
o® PTH7} 22A 2o A48 ¥ FPAH 08 9F
AEE AR 7450 dFdn got”
PTH7} S2AE AFAXEY] B3E A 5
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slgo] el A glolY thekgt Wi o2 WA X B
g}y H 7% S nA Aoz 2y}

PGEE 2F+E ZAd: WE4Q TAQAz
e zle] AFE YAl BB 7], FEW
A3 BYe] Werl 27l8E S 2T A
2 £GP, 28U T2 Ui PGES] 9%
& S e BEAES f9 SHE 2 A
2348 2390n AFH0] o J2 o
PGEyt 2843 z2THZS 2£4& Az,
Conaway V& PGEy} &% &4 2 oA)9] o
2242 ztetin Bod & A E PGE;
7} TRAP-4 DA 2] 48 F7A7 o] Fdy
o BBAR AL Qs ANV} T3 F&
=8 244X iFA] PGE; A7t 95te] BIA %
FA 2 gAol 27HEQutE Akatsu $79] B
29 YA} A Vit D= FES FNELS
9 stz BEALY B9 48 F7H71®, 24
GHAE ujokA] HTHE HEE 23 Ao
2 AR A, £ AT E 99 4 dFEH
FALBHA EFAZ WFA) Vit D& Arheto] ok
¥ 7S TRAP-4 thlA 29 471 3714 € @3
& 4 ARk olH T AAS & FFAE YA B
& QA4 EE0] RTAX] S 2z LT
Vel e Aolg &gt

Belg LA TS S AolAH $olA] 8t Wk
3 ¥ gotdd Yol YAY NETE FAARENA
L2 #gFsG. =7 == PTHY PGE:E A7}
dlo] Wi A$ BT A 27} dobdH ) 23
Ho| Q& Ao] BaAwglon 2o gl X
2L wl$- vhekaA) velstch(Fig. 2A R 2B). $9
AolAM S)oM B4ATE v & BAY A2
B AAsD FoldANd PAE F4os BaP 2
3 J2TAAE 9% F5497 #2599 PTH
EE PGEE A7tsle] v Aol = o] Hejol
EF4o BEHAHFig 2C 2 2D). o|H§ 472
}58 2880 vleA TSHAE vjoA o 2
Ay 2L At oot HFBARXFAES §
Aol #x2¥ 4 vtz A4 & Ao oY o
EAEGA LS Ao uA & TGF-B¢ EGFY 4
& Fasgch

gzAd| g TGF-pe] Zgo| Balole Aol g
ATATAES0] Haslo] glon 2ZH XS] AEE2
& dAsht 2 7)1 BANAHE HaE Ya?,
MC3T3-E1 AlZ9] A% 71%5S Z2AIE 88

OESMEUAEe| Fdo| OXls FE

D ZBAX FAAETY F4E dAFTE Lo
= Qo)™ 2ZA Lt I 715 S 2a Qe
gl 359 € 4o SIFAX vl Vit Dy
3 TGF-f& S8k wiFe F oF A EGA
2o YL #EY A3 TGF-B7F 0.1 ng/mle] =
A& Vit. Dgoll 93 ASAHEFA TS YL &
AP em 1 B ong/mie] FENAE AAANF =
o] FA4Ql EFHE eI HTable 6). oj&d A+
Ade vhp-& AL W GA] TGF-p71 He 5=
M Vit, Dgol] o3 FIHE2] P42 Z71A]7)
H 2 TrdAde A3Axe FA4S dAAZI}
¥ Shinar¢} Rodan®¢] A7z s} fAHEE O} A}
#el FFAE uldA 001-10 ng/mle] FEoA
TGF-$7} Vit. D3, PTH ¥ interleukin-1 S| )%
HIAE] YL Fx blHEd JAARATE
Chenu 5%¢] B319he Ao]d¢ RHTh ¥H EGF
T 22 A ookt S nAle He 4
A e WAEz FAE wFA AXYFE 2
an% 2ZAL gAL AAANUT?, £F EGF
© 224 A7 GA] 2EFTE E%e AL &
AR lem® B dpdMe 5% WA Vit
Deell 2@ ATAHEFAES] PAE 8= AL
2 e HTable 7) H3ZA X A1H XS] £3E F
st EFTE AN Ao FEHA)h £
FTAE WA TGF-Bet EGFE E§A sl o)
%3 A Ee 5o TGF-BE 713 ASoe o
BAEFAES FAo] HHHNL, L FRAAE
A e AvtEe 137 BFEAC

olHF ATARES FHHEA TGF-PL} EGF
22X EA XS B4 9%& vl 5 9o 53
TGF-pe &3] P8 olJg FFTAHA=
8% 92 g9l v F2=HEARE 4P
=} o} A AR TGF-Be] AEEH 750 Bo| W
AA g2 deoln B8] BEA R YA T 7)F
o & d7E v Ao R o]of thF} Al&H
gl A7 Ease et Atz

v.d g

AgBAIN HEAEe B3 o] Aol
A 3 ALsE ohea BHAENLYE o &
sl B4ALE £, MIAAT, A AP
22 WM Y4HE GUALE BEH Y A
229 TRAP 94 A9z, Aoldusid #2
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He AEEd 2 9 Zdotddd I4He &5
& FARAEN A S 3t BEFOEN FIARL
FAELE FUY ohF ol T ASHATGA Z
B/l A= TGF-8 ¢ EGFY] %S #Zsld
23 g8 243E U

L vl$A TN EE Polshe 83Ut v A+ %
7t EHME?} #EHJ oY 1 #E PTH E&
PGExE 718l vl Fjt 2% feldtA 713819
t},

2. w2 FFEAXE Beldle] wgdg AS dx
ol Xl TRAP-A thalA L7} A9 &= R] gsk
o1} PTH, PGE; 2 Vit. Dy& #7Fslod uj kg 7
$ th9] TRAP-49 thM 27} @3t

3. otdH Yo FFAEE wgAA EXYA

ZERE AN AL GG Fee] AEEC] 4
old¥ o RIAFYE AFF + AN

4. B FPAEE Fotdd oA AP &
ZES Arlslod MG  AZE AAR S F
ARAARu| Ao 7 AoldRE #EAS AT o
geje] et veld S #28 ¢ UAct

5. FFME WA Vit s EGFE B84 715t
i g 739 Vit. Dol 9] 5te] FA == TRAP-%
A AL b EGF| 28 -%7}5131*7
TGF- A& Vit. Dt S8H71AW Vit Ds 2
EGF$} 533718t Ml gst 49 TGF-8& w2
FZoM e TRAP-%A theAlxe] 338 £
dgout & EdAdAE daATlE ArEgl
ARE JERII.
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- ABSTRACT -

Effects of Transforming Growth Factor-B and Epidermal Growth Factor on the
Osteoclast-like Cell Formation in the Mouse Bone Marrow Cell Culture.

Choong-Nam Lim, D.D.S., M.D.8., Seon-Yle Ko', D.D.S.. M.S.D.. Ph.D..
Jung-Keun Kim D.D.S.. M.S.D.. Ph.D.. Se-Won Kim, D.D.S.. M.8.D.. Ph.D.

Department of Dental Pharmacology and Oral Biochemistry”, School of Dentistry, Dankook University

Bone marrow culture systems are widely used to differentiate osteoclast-like cells in vitro using several osteotropic
hormones. In this study, we isolated and cultured the mouse bone marrow cells with or without some osteotropic hormones
such as parathyroid hormone(PTH), prostaglandin Ex(PGE2) and 1.25(OH);-vitamin Da(Vit. Ds). We confirmed the
formation of osteoclast-like cells morphologically and functionally by the expression of tartrate-resistant acid
phosphatase(TRAP) and by their capability to resorb dentin slices. We also studied the effects of transforming growth
factor—B(TGF-PB) and epidermal growth factor(EGF) on the Vit. Ds-induced osteoclast-like cell formation. In control, a few
multinucleated cells were formed whereas PTH and PGEz increased the number of multinucleated cells. PTH, PGE; and
Vit. Dz induced the formation of TRAP-positive multinucleated cells. After culture of mouse bone marrow cells on the
dentin slices with or without osteotropic hormones, giant cells with diverse morphology were found on the dentin slices
under the scanning electronmicroscopy. After removing the attached cells, resorption pits were identified on the dentin
slices, and the shape of resorption pits was variable. EGF increased the osteoclast-like cell formation induced by Vit D,
however, TGF-p showed biphasic effect, which at low concentration, increased and at high concentration, decreased the
osteoclast-like cell formation induced by Vit. Ds.
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