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Expression of type I, type II collagen on distraction osteogenesis in the rabbit mandible
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Expression of type I, type II collagen on distraction osteogenesis in the rabbit

mandible
Dae-Sil Kang, Yu-Jin Jee", Hyun—-Chul Song”

Department of Oral & Maxillofacial Surgery, Graduate School of Clinical Dental Science,
The Catholic University of Korea

Division of Oral & Maxillofacial Surgery, Department of Dentistry, St. Vincent’s Hosptital,
The Catholic University of Korea'

The purpose of this experiment was to examine the histological changes and the pattern of
expression of type I, II collagen in the elongated area by distraction osteogenesis in the rabbit
mandible. Sixteen rabbits weighing 2.5kg-3kg were used for this experiment. Experimental
group was distracted at the rate of 0.7mm, twice/day for 7days, and control group was only
osteotomized. After 5 days latency, osteotomic site is distracted for 7days. Consolidation period
1s 28days. The animal was sacrificed at the 3rd, 7th, 14th, 28th day after the operation. The
distracted bone was examined by histological analysis and RT-PCR analysis. The results were
summarized as follows:

1. Experimental group was observed that the gaps between the distracted bone edges were
occupied by new bone.

2. Expression of Type [ collagen were detected throughout the experiment in both
groups and Expression of Type I collagen were markedly increased during distraction and
consolidation period in experimental group than control group.

3. Expression of Type II collagen were detected throughout the experiment in both
groups and expression of Type II collagen were maintained at high level during
distraction and consolidation period in experimental group than control group.

From these results, in contrast to type II collagen, type I collagen seemed to be more
expressed by mechanical stimuli during distraction and consolidation period. The predominent
mechanism of new bone formation in the distraction gap was intramembranous bone

formation, but some of the regenerated bone was formed by endochondral ossification.

Key words: distraction osteogenesis, type I collagen, type II collagen, histological analysis,
RT-PCR analysis
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) Reverse Transcriptase-Polymerase Chain Reaction (RT-PCR) Analysis

ZFPAo Bolste A [ I8 wgde HdAYAS RT-PCR analysisZ o] &3to] tfg3} 7to]
Arretath 2EAZS S8 AHAE o vy FAEFE 248 AP ST AAlet
I SA A ko] Yol FYAZ 5 "RPALE oA ZA K431 Trizol(Invitrogen Co., USA)S
A7kek $ 1/10812]  chloroform®. = A g3te] 35S @ stAth ths 522 isopropanol® #
g 3lo] pelletse DEPC-D.W70% ethanol® & & AZA#A DEPC-D.We| >%th cDNAE

ol

=43 & Aslo] reverse transcription reactionS A A&t Random
primer® 70CoA 5&7F annealing® 10mM dNTPs(Roche Germany), RNasin, AMV (Avian
Myoblastosis Virus) reverse transcriptase(Promega USA), 5xbuffer(Promega, USA)S 42T ol A
1A RESAI AT cDNAE =33 & TDMH(670mM Tris-HCI(pH 8.8), 1% Tween 20, 166mM
ammonium sulphate, 100uM dNTP, 2mM magnesium chloride)buffer, 10uM sense @ antisense
primer, 1 unit Taq polymerase ¥ T#H5 5 7l8te] TS 25p0 3 % 58°C oA 303t A& st
T oAl 92°C oAl 156%, 60°C oAl 30%, 72°CellAl 30x%%F 353] AAIs & 72°C oA 103+
PCR HkS-S Al Z T}, Primerx &4 & type I collagen& sense primer
GAGGAATTTCCGTGCCTGGC® antisense primer AGCTGTTCCGGGCAATCCTC(312bp),
type II collagene sense primer AGAGGTTATCCAGGCCTGGA®} antisense primer
TTGAGCACCTTC AGGACCAC(366bp)E #-&3tHtHTable 2). mRNA level®] A3t H=Fs
918l B-actine = It th(Fig 9). PCR W&ol Fxd HAESANM 4 Ad=s 10 F 3o
6xloading buffer(0.25% bromphenol blue, 0.25% xylene cyanol, 30% glycerol in water) 2 pl$}
E3tsle] 2% 33 A(agarose geDell 100VelA 30+3F #7]d 53l ethidium bromideZ A3}
o] gel document system(Bio-Rad, USA)olA #A3dtk. RT-PCR Analysis® A 83t U

WFE S Image Master VDS software(Pharmacia Biatech, version2.0)2 o] &3}o] @& o] ma i
e 95ty & F 3979 &S 10082 st 7+ #3ke] wd ol & Hl skt
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B9 (Fig. 7, Fig. 8).

=

=

& Afol

T

=!
=

=9

al

7

1 75%

I3

374 ol Hl

ko3
T

A el M =

of dAA &

Aok HiE

s

Aol o

il

[e]
=+

Aol Sl A

O
LA

54

!

il
B

A
70

0
Hn

B

—_—

<

0

G

)

Hn

B

o)

g, 7 & A I

L

R

el v =910l 7714 o]

[e]

H

1%
Osteocalcin, Osteonectin, Osteopontines ©]

L

R

[e]
- T
RELUNE )

2

42 F2Z A LI M IV 322 UyA

R L

M 2]
il
FAEH, o] u

2

v
12 chondroblastel] 2]

4
=

R
OJ7\

9l

s
R

ah

9

A

S Qojybri”. v

9

L osteoblastel] 2]
AEz A I 8§ w

=l ¢

24
b

ol

= A

)

K

[e]
A

A

0

o
Hu

Hn

Gl

X
M

WA Aol oA AdEglen Fz

)

o @l o

=

=

HA Al I

9

o 9

stk 1

[¢)

-
R

=
=

:[L

 dE Al

)

o

)

A
B8

)

0
H

il

—

O

M

H

Hn
B

B
B2

W
ﬂ
s

s

O

0

o
Hu

ol

—

Nfo
iy

Hn

Soluh Ao oA =

Aoz deiA ol FzAe

|

=13
=

L
R

szt & w3l

=
=

}q_ZO.

9
pul

ol

|

Hn
Nfo

0

oF
X
o)
X
Hu

ol

=3

w

)

o)

i

H

o

)
By

jut

#4o] F= o] 707X

19}t Warrens”’

°

al

ddar B

54)ell

s} 4ol e

A1

—_—

<
dr

A mRNA2]

2]

=

0

A 13

L
R

ko3
T

Fich e

°

o} erii



ol =] 8]

ko3
T

7

3

I Aol 7

9]

o] W)

ol
e

o
T

~o

!

ol

B

|

|

AAA ez A 1

el

|

)

ol
ol

ah

9

o 9

-
X

A AEA

Q)
=

A oA

Hn

Hn

S

)
1o
To
!
ol
o
Br
o

Hn

Aol A AT

ul O
15

2Eeke

|

Hn

ol
o}

0

A

=

AL IO

Rrofuyet Al 1T

H

N

o

ol

B

ol

0

X
Nr

o]
Fo
jan

"

—

Gl

o
Hu
B

—_—

<

T (0.35mmx2/day) 2} WZ2aH(F

il

O
LA

]

A
i

=3

16v}2]

23 A1

y

o
E

0

A1

FSA Tt

5|

%

i
‘_Iryl
fugt

94}\

7
N

o

ﬁo

!

%
B

Gl

N
-
o)
A

W 37t S Aol 7]



azd

1. Codivilla A: On the means of lengthening in the lower limb, the muscles and tissues
which are shortened through deformity. Am J Orthop Surg 1905; 2:353-359.

2. lizarov GA: The tension-stress effect on the genesis and growth of tissues; I. The
influence of stability of fixation and soft-tissue preservation. Clin Orthop 1989;238:249.
3. Ilizarov GA: The tension-stress effect on the genesis and growth of tissues; II. The
influence of the rate and frequency of distraction. Clin Orthop. 1989;239:263.

4. Snyder CC, Levine GA, Swanson HM, Browne EZJ: Mandibular lengthening by gradual
distraction. Preliminary report. Plast Reconstr Surg 1973;51: 506-508.

5. Costantino PD, shybut G, Friedman CD, Pelzer HJ, Masini M, Shindo ML et al: Segmental
mandibular regeneration by distraction osteogenesis. An experimental study. Arch.
Otolaryngol. Head Neck Surg 1990;116:535-545.

6. McCarthy JG, Schreiber J, Karp N, Throne CH, Grayson BH: Lengthening the humam mandible
by gradual distraction. Plast Reconstr Surg 1992;18:280.

7. Karaharju-Suvanto T, Karaharju EO, Ranta R: Mandibular distraction. An experimental
study on sheep. J Craniomaxillofac Surg 1990;18:280.

8. Karahaju-Suvanto T, Peltonen J, Kahri A, Karaharju EO: Distraction osteogenesis of the
mandible. An experimental study on sheep. J Maxillofac Surg 1992;21:118.

9. Warren SM, Mehrara BJ, Steinbrech DS, Paccione MF, Greenwald JA, Spector JA et al: Rat
mandibular distraction osteogenesis. Part III Gradual distraction versus acute
lengthening. Plast Reconstr Surg 2001;107:441-453.

10. Proffit WR. Etiologic factors in the development of dentofacial deformity In: White
RPJ. Surgical Orthodontic Treatment. St. Louis, Mosby-Year Book Inc. 1991;24-70.

11, Ydsex, o<, WS, e, v, ofdF o A stetEAlT A A1
SAMENG AT A 18 wdd o] gk A5~ 59 A] 2001;27:385-393.

12. Ten cate AR. ORAL HISTOLOGY. development structure and function. St. Louis, Mosby Co.
1985.

13. Lane JM, Suda M, von der Mark K, Timpl R: Immunofluorescent localization of structural
collagen types in endochondral fracture repair. J Orthop Res 1986;4:318-329.

14. Sato M, Yaui N, Nakase T, Kawahata H, Sumimoto M, Hirota S et al: Expression of bone
matrix proteins mRNA during distraction osteogenesis. J Bone Miner res 1998;13:1221-1231.
15. Ashhurst DE: Collagens synthesized by healing fractures. Clin Orthop 1990;255:273-283.
16. Kallio TJ, Vauhkonen MV, Peltonen JI, Karaharju EO: Early bone matrix formation during
distraction. A biochemical study in sheep. Acta Orthop Scand 1994;65:467-471.

17. Sandberg M, Aro H, Multimaki P, Aho H, Vuorio E: In situ localization of collagen
production by chondrocytes and osteoblasts in fracture callus. J Bone Joint Surg [Am]
1989;71: 69-77.

18. Yasui N, Kojimoto H, Sasaki K, Kitada A, Shimizu H, Shimoura Y: Factors affecting
callus distraction in limb lengthening. Clin Orthop 1993;293: 55-60.



19. Yasui N, Sato M, Ochi T, Kawahata H, Kitamura Y, Nomura S: Three modes of ossification
during distraction osteogenesis in the rat. J Bone Joint Surg Br 1997;79:824-830.

20. Carter DR, Blenman PR, Beaupre GS: Correlations between mechanical stress history and
tissue differntiation in initial fracture healing. J Orthop Res 1988;6:736-748.

21. Chidgey L, Chakkalakal D, Blotcky A, Connolly JF: Vascular reorganization and return
of rigidity in fracture healing. J Orthop Res 1986;4:173-179.

22. Morone M A, Boden S D, Hair G: Gene expression during autograft lumbar spine
fusion and the effect of Bone Morphogenetic Protein 2 Clin Orthop 1998;351:252-265.

10



L= T2

Table 1. Experimental schedule.

3day Tday l4day 28day
(Operation) >
Oday Sday 12day 40day
latency ——> <«—— distraction > < consolidation ———>

Experimental groups were sacrificed at 3rd, 7th, 14th, and 28th day after operation.

Table 2. Primer sequences?. From: Morone: Clin Orthop, Volume(351). June 1998.252-65

Protein Forward Reverse bp
czli,;:ei GAGGAATTTCCGTGCCTGGC AGCTGTTCCGGGCAATCCTC 312
Type 11

AGAGGTTATCCAGGCCTGGA  TTGAGCACCTTCAGGACCAC 366

collagen

11



Figure 1. Distraction design Figure 2. Operation

a. Prior to distraction b. After distraction

Figure 3. Clinical feature
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C3 (x40) E3 (x40)

C7 (x40) E7 (X100)

Cl4 (x40) E14 (x40)

C28 (x40) E28 (x40)

Control groups Experimental groups

Figure 4. Histologic feature (H-E stain)
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Control group

Experimental

Figure 5. Expression of Type I collagen

group

3 day

7 day

14 day

28 day

E group

100

074

074

o047

C group

100

220

141

82.7

700
600
500
400
300
200
100

3 day

7 day

14 day

28 day

O E group
O C group

Figure 6. Quantitative analysis of Type I collagen.
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Control group Experimental group

Figure 7. Expression of Type II collagen .

3 day 7 day 14 day 28 day
E group 100 83.7 88.2 4.7
C group 100 65.9 70.9 27.4
120
100
80 | [ ] -
I I L[ 7_ O E group
60 O C group
40 — [ — —
O 1 1 1
3 day 7 day 14 day 28 day

Figure 8. Quantitative analysis of Type II collagen.

Figure 9. Expression of B-actin
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Figure 1. Distraction design.
Note that osteotomy was made bilaterally anterior to the first premolar.
Figure 2. Operation.
Periosteum was elevated along the border of the mandible and mental nerve was
identified.
Figure 3. Clinical feature.
After distraction, slightly cross—bite developed.
Figure 4. Histologic feature (H-E stain).
Newly formed osteoid tissue(arrow) was viewed in E7, and small foci of endochondral
ossification(arrow) was existed in E14. The new bone trabeculae resulted in a near
complete closure of distraction gap in E28.
Figure 5. Expression of Type 1 collagen.
Expression of Type I collagen were detected throughout the experiment in both groups.
Figure 6. Quantitative analysis of Type I collagen.
Note that expression of Type [ collagen were markedly increased during distraction
and consolidation period in E group than C group.
Figure 7. Expression of Type II collagen.
Expression of Type II collagen were detected throughout the experiment in both
groups.
Figure 8. Quantitative analysis of Type II collagen.
Note that expression of Type II collagen were maintained at high level during
distraction and consolidation period in E group than C group.
Figure 9. Expression of B-actin.
Sequence; ATCGTGGGCCGCCCTAGGCA, TGGCCTTAGGGTTCAGAGGGG, bp(293)

16



