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Expression of BMP-2, -4 during distraction osteogenesis in the rabbit mandible
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Distraction osteogenesis(DO) is defined as a gradual mechanical process of mechanical
stretching two vascularized bone surface apart with a critical rate and rhythm such that new
bone forms within the expanding gap, reliably bridges the gap, and ultimately remodels to
normal structure. DO has become a mainstay in bone tissue engineering and has significantly
improved our armamentarium for reconstructive craniomaxillofacial procedures.

But the molecular and biological mechanisms that regulate the formation of new bone during
distraction osteogenesis are not completely understood.

BMPs are potent osteoinductive agents.

Our hypothesis was that BMPs, especially BMP-2 and BMP-4, might play an importent role
in the signaling pathways that link the mechanical forces created by distraction to biological
responses and in promting new bone formation. Using a rabbit’s mandible, we investigated the
expression of BMP-2, -4 at different time points during distraction osteogenesis.

The purpose of this study is to research the pattern of expression of BMP-2, -4 in new
bone formation during distraction osteogenesis of the rabbit mandible. The experimental group
was applied gradual distraction (0.7mm a day by twice a day, 49mm in total, for 7 days) and
the control group was carried out osteotomy alone. They were examined clinically,
histologically, and by RT-PCR analysis.

On 3 days after osteotomy, the high level of expression of BMP-2, -4 was detected. But, the
expression of BMP-4 was decreased during latency period. As distraction was started, its
expression was increased and maintained till postoperative 28days. In control group, the
expression of BMP-4was remarkably decreased till postoperative 14 days. On the other hand,
the expression of BMP-2 was no difference between experimental group and control group.
The expression of BMP-4 was maintanined at high level during the entire experimental period
in both group.

These findings suggested that excellent bone formation during distraction osteogenesis is

associated with enhanced expression of BMP-4 genes by mechanical tension stress.

Key words; distraction osteogenesis, molecular mechanism, RT-PCR analysis, BMP-2, BMP-4,
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4) Reverse Transcription-Polymerase Chain Reaction (RT-PCR) Analysis

TG Bodd= BMP-2, 4 59 238 RT-PCR analysisZE o] &3t tf23 o] A}
st FEALS f8 AFHE F99 voE 2445EE 2A4E YA USESel A AAs
ZA A AL Yol FYAZ F "RpAbd| A ZA K51 Trizol(Invitrogen Co., USA) & #
7bek 2 1/1080 9] chloroform .2 A glste] F5e st e 599 isopropanol & A s}
o] pellets2 DEPC-70% ethanol® < & AZA|A DEPC-D/Wol =%tlk RNA = 260nm ol A4
TRaEs =243 & ATsle] reverse transcription reactions AAFH I T vk S [xRT
buffer(Promega, USA), 20iM dNTP, 0251 oligo(dT) 1sprimer, Sunits AMV(Avian Myoblastosis
Virus) reverse transcriptase(Promega, USA) ® 21 RNA o] DEPC-D/W & 7}&le] %S 10
2 8§ 42°CoAAq 607 HbEAFHY wSo] EFu 3 RT  product 5ple]  1xPCR
buffer(Promega, USA), 10 pmol sense % antisense primer, 1 unit Tag polymerase @ SH+=
7hate] FHE 2bp= sk & 58°C oA 30&7F AHElet & vhA] 92°C dlA 16%, 60°C olA 30,
72°Col A 30%3F 358 A & 72°C A 10237F WHSAI AT Primerd €2 BMP-2%  sense
primer AGGTGTCTCCAAGAGACAS antisense primer AGGTGTCTCCAAGAGACATG
(253bp), BMP-4= sense primer GCTGGCCATTGAGGTGACS®  antisense  primer
GAATGGCGACGGCAGTTC 257bp)E  AE3tth(Table 2). PCR ®¥Hgo] Tx® HAEANA
Z+ A ES Su FH 3] 6xloading buffer(0.25% bromphenol blue, 0.25% xylene cyanol, 30%
glycerol in water) 2 pi$} E&8}e] 2% a3 Aagarose gel)ol 100VelA 30&3F 27| &3
ethidium bromide® @Asto] 2o Hd FAZ|Z @& vhE ZepRol= Fhvetr HYPste] AAt
El=

RT-PCR analysise Al&&te] 1}2 @848 Image Master VDS software(Pharmacia Biotech,
version 2.0, USA)E o|&3te] ¢4 48 Algste] & T 3d79 4& 100 02 3t A&
T ol E Tl Aty tixate] Aol LA AT,
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Table 1. Experimental schedule.

3Y 7Y 144 ZSIE]
(Operation) l l
0Y 5¢ 12¢ 10
—> ZH 7 <— —> A7) < > 73 3517]

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

Table 2. Primer Sequences24 From: Morone: Clin Orthop, Volume(351). June 1998.252-65

Protein Forward Reverse bp

BMP-2 AGGTGTCTCCAAGAGACA AGGTGTCTCCAAGAGACATG 253

BMP-4 GCTGGCCATTGAGGTGAC GAATGGCGACGGCAGTTC 257
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Figure 1. Distraction design Figure 2. Operation

a. Prior to distraction b. After distraction

Figure 3. Clinical feature
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C7 (x40 E7 (x100)
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Control groups Experimental groups

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

Figure 5. Expression of BMP-2 growth factor

3 day 7 day 14 day 28 day
E group 100 108 107 76.3
C group 100 98.4 103 65.5

120

100 — [ ]
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EE group
60 OC group

40

20

O 1 1 1
3 day 7 day 14 day 28 day

Figure 6. Quantitative analysis of BMP-2
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Control group Experimental group

Figure 7. Expression of BMP-4 growth factor

3 day 7 day 14 day 28 day
E group 100 63.8 66.1 57.2
C group 100 78.5 451 45.8
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80 1 [ | —

] EE group
OC group

60 { [ |
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20 F{ [
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3 day 7 day 14 day 28 day

Figure 8. Quantitative analysis of BMP-4
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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 EZ28.

Figure 5. Expression of BMP-2,

Expression of BMP-2 were detected throughout the experiment in both groups.
Figure 6. Quantitative analysis of BMP-2.

Note that expression of BMP-2 were maintained at slightly high level during distraction and
consolidation period in E group than C group.

Figure 7. Expression of BMP-4,
Expression of BMP-4 were detected throughout the experiment in both groups.
Figure 8. Quantitative analysis of BMP-4.
Note that expression of BMP-4 were maintained at high level during consolidation period in

E group than C group.
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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 EZ28.

Figure 5. Expression of BMP-2,

Expression of BMP-2 were detected throughout the experiment in both groups.
Figure 6. Quantitative analysis of BMP-2.

Note that expression of BMP-2 were maintained at slightly high level during distraction and
consolidation period in E group than C group.

Figure 7. Expression of BMP-4,
Expression of BMP-4 were detected throughout the experiment in both groups.
Figure 8. Quantitative analysis of BMP-4.
Note that expression of BMP-4 were maintained at high level during consolidation period in

E group than C group.
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