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et A dAld mE fEA X F3UE ¢
sto] A 16, 184 # &4 1Y, 5¢, 104, 204 ¥ 30
d T ICR AF 70v] & A Fd o] &3kt 24
AH A 98 BFAE 4°C 4% paraformaldehyde
@1011*1 1627 233 F 10% EDTA £2d)A
2-457t &3]8t 1, RNAase free ZZ oA Ex ol u}
gt g, 2ok F 5um FAZ 2bE (8 dAe A
& 954 A A2HE F, ethoxysilran—coated <2}
ol =d go:] AHE AAA 4T BHstEn g7
HHEL hematoxylin—eosin GAsle] dejeka o2

#asd,

2. cBNA probel| &t

1) RNA9 #Z3 RT-PCR 283 g7I4¥E 24
AF- 9 F-Bo] fAAE] %BﬂEJL RAom &
H7l AI719] A 549 AF A, stetdF 2 AE

o] Total RNA Isolation Kit{Promega Co., Wi,
USA)E ol 4319 total RNAE F&34t}. dRe
total RNA+= oligo(dT)-latex(Promega Co.)& O] 3}
o] poly(A)'RNAZ #2319t} Total RNA 2 poly
(A)RNA 1pe® 2509 AMV reverse transcriptase
(RT)(Promega Co.)¢} oligo-d(T) primerE o] &3t
first-strand cDNAE 43ttt A4 13, 13, X
g wed, IGG, € BMP-4 59 #3d2] “71*1@‘
< blast search program(NCBD)& o]-&38lod d31 o]
o B33l sensed} antisense oligonucleotide pri-
merg F& AZste] Ao o] &3t tH(Table 1).

Reverse transcriptation(RT) 34 <& £3t] A4
3t cDNAE template2 7}7}+9] primerg o] &3k W4
C : 4min, 36¢ycle (94T : 1min, 55C : 3sec, 72T :
2min), 72°C : 5min® 2722 PCR $Z(PCR cy-
cler, MJ research)& Al&3 ¥ 1.5% agarose gel°l
A7) FEstd Ay ddS AQEun. #ed
FAA GHES pGEM-T easy Vector System
(Promega Co.)& ©]&€3t9 subcloningdtsl ABI
automatic sequencer (Perkin-Elmer, Foster city,
CA, USA)E o] &3l databaserte] A 1¥, MY
X3 ¥4, [HH 2 BMP-4 fAzke] €471 Mg}
YA AT
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Table 1. Oligonucleotide primers used in the PCR amplification of mouse type |, Il and X collagen, IHH, and BMP-4 mRNAs.

mCol I-s COLIAL (275bp)
mCol I -a

mCol II-s COLIIA1(584bp)
mCol II-a

mCol X-s COLXA1 (437bp)
mCol X-a

mihh-s IHH (414bp)
mlhh -a

mBmp4-s BMP4(431bp)
mBmp4-a

5 primer: 5'-TCTCTCTTGCTGTCCTTTTG-3'
3’ primer: 5'-TGTGCCTTAATGAGTGCCT-3'
5' primer: 5'-AAGACCCCTACAGATGCT-3

3’ primer: 5'-TTGACCTGTGCTCCTGCTGT-3’
5'primer: 5'-CTAGGAAACATGCAGGAATT-3'
3'primer: 5'-TTTATTCTTCCACTCGATTGA-3'
5'primer: 5'-AGAGCACCTTCCATCCAC-3'
3'primer: 5'-TGAGGTGCAAGCCCATCTA-3'
5'primer: 5'-GAACTGCCGTCGCCATTC_3'
3'primer: 5'-GCAGTTTGTGTGGTATGTGT-3'

2) cRNA T=2H A

T-easy vectorl subcloning® A# 138, I8, X3
WY, Indian hedgehog(IHH), BMP-3 ¥ BMP-4
cRNA probeZ ©] &8 fAz dHES 5 2 3 &F
Y AFEAZ AA3 F pBluescript-SK(+) vector
(Promega Co.)oll t+A] 3 ¥ subcloning 3t} 2 3
tHA] & ¥ sequencingdte] DNA inserte] Waks &
15t3 DNAE 4138 8}8l1 Proteinase K A 2] ¥ DIG
RNA labelling kit(Boeringer-Mannheim biochemi-
cals, Mannheim, Germany)$t T3 2 T7 RNA poly-
merase (Boeringer-Mannheim biochemicals)E ©]-&
8lo] sense$} antisense cRNA probeZ 2HAd it

3. In-situ hybridization

4T B39 HAE xyleneo 2 & g2t A3}
311009, 90%, 80%, 70% ethanol®] &4 & &3 &,
317 N(4% formaldehyde in 1X PBS{Phosphate buff-
ered saline, pH 7.4))°l 1087t 2133t el. PBSE
28l AA3kaL acetylation £9(0.25% aceticanhy-
dride in 0.1M triethanolamine-HCL, pH 8.0)¢) 10%7t
Aejg F 2X SSC(0.15M sodium chloride, 0.015M
sodium citrate)2 F 2+ AF 3 thg g4 2 2
(70% ethanol : 1%, 80% ethanol : 13, 95% ethanol :
2%, 100% ethanol : 18, 100% ethanol : 5%, 95%
ethanol : 13%) I & AA F7] FoA AERAIA
50% formamide, 10mM Tris-HCl, 200xg/ml tRNA
600mM NaCl, 0.25% SDS, 1 mM EDTA, 1X Denha

rdt’s solution, 10% Dextran sulfate7} &-&2 & dj
cRNA Z2HE 23 50C|A 16417t hybridization
39t} Hybridization & 2X SSC, 02X SSC 1, 02X
SSC =z A33 v 15% Bloking Reagent
(Behringer Manheim)7t @-+¥ Digbuffer (100mM
Tris~HCl, 100mM NaCl, 500mM MgClL) 2.2 A& s}
I NBT/BCIPZ 2481 Dig buffer IV(10 mM
Tris- HCl, ImM EDTA)Z 323 A3 & tha methyl
green 2 2 G35t FeAn| 4 o2 ATt

m. o221

1 AE 18, 18, X8 DA Indian hedge-
hog(IHH). 2 BMP-4 SEK} EHS0| S2iy
S0l

RT-PCReA £2]3l] cRNA probe &4l o] &
& AR dHEY G7IME S blast search pro-
gram (NIBD o] &3te] &Rlgt 23, £ FHAE
& database A9 AH 18, 013, X8 2¥94, In-
dian hedgehog(IHH), ¥ BMP-4 fH A2 H7]|A
A3 U3 Aoz ANHYTH



Fig 1a. Mandibular condyle anlage at d(day) 16 of gesta-
tion. Each section was cout in the coronal plane,
x40. Cartilage of mandibular condyle (MC) adjacent
to ossifying mandible (OM), Sphenoid bone (S),
temporal bone (T), Meckels cartilage (M), and
developing muscle (Ms) are seen in (a) (H-E stain).

Fig 1c. Mandibular condyle anlage at d 16 of gestation.
Each section was cut in the coronal plane, x40. (o)
Type | collagen mRNAs are observed in not only
cartilagenous cell (arrow in ¢) but also developing
perichondrium and /or periosteum

f50] WY Yo et dFe A3
Do FEE PEY + A0, B3 ANE o
ohgel ARold A4y FUE erdehFig la)
B4 1890l BA) SFaewd Ao <5
o BAZ] A 2 UHoIH Ygon, setatT

—
=
(@)

AFME FaFe
(Fig 2). ¥ %
T3t F-Lol nEs 1y

UIRnEA 34 25, 20044

Fig 1b. Mandibular condyle anlage at d 16 of gestation.Each
section was cut in the coronal plane, x40. (b)
mRNAs are expressed in the differentiating cartilage
cell (arrow in b).

Fig 2. Cartilage anlage of future mandibular condyle cut in
the coronal plane on d 18 of gestation, x40. Expre-
ssion for typell collagen mRNAs is not seen in
perichondrium / periosteum (arrowheads), but is
seen cartilagenous cell (arrow) of mandibular con-
dyle. Ds, disk: MC. mandibular condyle: Ms, mus-
cle; T, temporal bone: Ti. tibia.
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Fig. 3. Developing mandibular condyle of 1-day-old mice.
BMP-4 mRNAs are expressed in ossifying mandible
(arrow) and slightly detected in the differentiating
chondrocytes (arrowhead), x200.

Fig. 5. Condylar cartilage at d 10 of postnatal mice, H-E
stain, x100. The resting, proliferative, transition,
hypertrophic cartilage (Hy) and chondro-osseous
junctional zones are distinguishable.
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mln
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Ehget. 4% 520
R ER %%8}%1?%01 Bgagen 3

ferative zone), B|U] A= ?(hypertrophlc cartﬂage
zone), ©|3 AFZ(transition zone), 433} AZ=
(calcified cartilage zone/chondrofosseous juntion),
F3}5(ossification zone) 5& TEE F AT =

/\

Fig. 4. Condylar cartilage of mandible and ulna at 6 of pos-
tnatal mice, x40. Condylar cartilage increased In
size due to accumulation of hypertrophic chondro-
cytes and ossifying mandible, H-E stain.

Fig. 6. Condylar cartilage, temporomandibular Joint and nasal
cartilage at d 20 of postnatal mice. Type | collagen
mRNAs are expressed in cells of the temporal fossa
(arrowhead), condylar chondrocyte and periosteum
(arrow) of the mandibular condyle, x 40.
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Fig. 7a. Condylar cartilage of mandible at d 30 of postnatal
mice. (a) Type | collagen mRNAs are still expre-
ssed in condylar chondrocytes (arrowhead in a),
and periosteum (arrow in a) of the mandibular

condyle, x40.

Fig. 7¢. Condylar cartilage of mandible at d 30 of postnatal
mice. (¢) Hypertrophic chondro- cytes are charac-
terized by the expression of type X collagen mRNA,
x100.

3. In situ hybridization B0l oI5t 1 &, I1E], X
& WA Indian hedgehog(lHH), & BMP
-4 mRNAQ| &5 ZM
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Fig. 7b. Condylar cartilage of mandible at d 30 of postnatal

mice. (b) Expression of the type!l collagen (arrow
in b) is visible in cells of the glenoid fossa due to
the transformation of Fig the connective tissue cells
(fibroblasts) into fibrous cartilage cells, x40.

Fig. 8. Condylar cartilage of mandible at d 30 of postnatal
mice. x 100. IHH mRNA is limited exclusively in the
lower part of the proliferative zone and the upper
part of the hypertrophic cartilage zone and mandi-
bular condyle.

3 Agz7 SoM ARz FEHAHFig 1o).
ot re] WAlo] ZyPel met 13 mYd
mRNAS] #d 2 siota 7o v A3 395
& A9 AF23 A Ao ¥y =
on I 9y e WA 18Y, AF 1Y, AF 10¢,
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AT 204 2 AZ 3047k x4E A tHFig 6, 7a).
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- ABSTRACT -

Expression of mRNAs characteristic of cartilage and bone
in the developing mandibular condyle of mice

Kuk-Soep Ji”, Young-Jooh Yoon”, Joo-Cheol Park?, Kwang-Won Kim"

v Department of Orthodontics, College of Dentistry, Chosun University
2 Department of Oral Histology, College of Dentistry, Chosun University

It has not been elucidated whether the initiation of condylar development of the mandible is related with the periosteum
of the mandible, or if it derives from a separate programmed blastema not related with the mandible. Also, although the
mandibular condylar cartilage is known to promote growth, few studies have dealt with molecular-biologic mechanisms
such as the expression of specific genes according to the differentiation of the mandibular condyle.

To elucidate the unique cellular characteristics, development, and differentiation process of the mandibular condyle, an
examination of expressions of genes characteristic of cartilage and bone were carried out using RT-PCR and mRNA in
situ hybridization.

1. Type?collagen mRNA was detected with type IIcollagen mRNA in the differentiation and growth process of the
cartilage of the mandibular condyle. Type IIcollagen mRNA was demonstrated in the whole resting and upper part of
the proliferative zone, whereas type Icollgen mRNA was observed in the resting, proliferative and upper hypertrophic
cartilage zone of the mandibular condyle.

2. The condylar cartilage rapidly increased in size due to the accumulation of hypertrophic chondrocytes as characterized
by the expression of type Icollagen mRNA during postnatal development.

3. BMP-4 mRNA was present in the anlage of the future condylar process and also in the ossifying mandibular body.

4. THH mRNA was limited exclusively to the lower part of the proliferative zone and the upper part of the hypertrophic
cartilage zone during condylar development,

These findings were different from those in the growth-plate cartilage of the long bone, indicating a characteristic
feature of the differentiation of the chondrocytes in the condylar cartilage present in prenatal and postnatal development.
Furthermore, it was also suggested that chondroblasts of condylar cartilage rapidly differentiate into hypertrophic
chondrocytes with increased functional Load force such as muscle activity and mastication.

KOREA. J. ORTHOD. 2004 : 34(2) : 143-52

¥ Key words : Cartilage, Mandibular condyle, Differentiation, Collagen, gene

152



