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THE EXPRESSION OF TGF-A1, IGF-1, BFGF IN DISTRACTION OSTEOGENESIS
ACCORDING TO DIFFERENT DISTRACTION RATES IN RABBIT S MANDIBLE

Sun-A Shin, Yu-Jin Jee, Hyun-Chul Song
Div. of Oral &Maxillofacial Surgery, Dept. of Dentistry, St. Vincent Hospital, The Catholic University of Korea

Distraction osteogenesis is a technique of lengthening bone including soft tissue by gradual separation of
surgically divided bone surfaces. Although the biomechanical, histological, and ultrastructural changes
associated with distraction osteogenesis have been widely described, the molecular mechanisms governing
the formation of new bone in distracted bone segments remain largely unclear. However, such information
has significant clinical implications because it may enable targeted therapeutic manipulations designed to
accelerate osseous regeneration.

The purpose of this study was to evaluate the expression of TGF-1, IGF-I and bFGF in distraction
osteogenesis according to different distraction rates in a rabbit s mandible.

When twenty-four adult rabbits underwent open osteotomy between the premolar and mental foramen,
an external bilateral distraction device was applied. Latency was allowed for five days before distraction.
Three different distraction rates were 0.7 mm/day (A, n=8), 1.4 mm/day (B, n=8) and 2.4 mm/day (C,
n=38). The distraction device was activated with the same distraction rhythms of twice a day until 4.9 mm
(A & B group) and 8.4 mm (C group) length gains was achieved. The animals were sacrificed at postoper—
ative 3, 7, 14 and 28 days. The bony specimens were stained with H&E for histologic examination, and
RT-PCR analysis was done for the identification of the expression of TGF-81, IGF-I and bFGF.

The results obtained from this study were as follows :

The 0.7 mm/day and 1.4 mm/day distraction rate groups were shown to improve regenerative bone for-
mation on radiographic and histologic examination. Also, TGF-81, IGF-I and bFGF expression increased in
the 0.7 mm/day and 1.4 mm/day distraction rate groups. But the 2.4 mm/day distraction rate group speci-
men was different with adjacent normal bone and hardly expressed of growth factors.

These findings suggest that improved new bone formation in the 0.7 mm/day and 1.4 mm/day distraction
rates is associated with enhanced expression of TGF-81, IGF-I and bFGF by mechanical tension stress.
Additionally, the 0.7 mm/day and 1.4 mm/day distraction rate groups were significantly different from the
2.4 mm/day distraction rate group in the expression of growth factors.

According to the above results, it seems possible to apply a distraction rate of up to 1.4 mm/day a day in
rabbit s mandible. And further studies are needed to evaluate growth factors of TGF-f1 and IGF-I, which
are excellent in expression.
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Table 1. Experimental Schedule.

JHE Bf9tZofiM £lo ZHYEA| AL w2 TGF1, IGF-I, bFGF2| 23

DEREEN

A AR AR 5 hee A ¢4 6, A4 29 2
BA ARSe) 22urge] da] AL AL 91
H7 A Azl AES BAAAG. 4, djot 422w
gHsks ol Ad AeE seleon 7 A7l A3
ARG 2AQRS 2 A% AHE SAAon B 7|2
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7) Reverse Transcriptase-Polymerase Chain Reaction
(RT-PCR) Analysis

(1) Total RNA isolation

T34 #Fdsh= TGF-A1, IGF-1 2 bFGFe] wa&
RT-PCR analysisE ©]-&-3to] th53} o] fAletgint. =
AFEAAES faf AFHE 919 v A SRS 45

18E A WSSl dAleta SA] A3k s Yo
w9 Al H SRRARE A AA Fe3 Trizol (Invit-
rogen Co, USA)E H7Ie & 1/10919] chloroforme2
Aglste] e wElsiith. e 9 1sopropanoli
A2)slo] pallets DEPC-D.W 70% ethanol2 A2 ¥
7A2A1A DEPC-D.Well H3ith.

\-

(Operation)
POD3 POD7 POD14 POD28
| | | | 3
Oday Sday 12day 28day
<= LatenCy ==—p g Distraction - < Consolidation =%
(A group) 8.5day
<= [atency == <= Disfraction == Cmmemm—— (Congolidation —

(B & C group)
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(2) cDNA synthesis m.z

£2]49 total RNAE random primer® 70Tl 583t
annealing & 10 mM dNTPs (Roche Germany), 1. SAH A7
RNasin, AMV (Avian Myoblastosis Virus) reverse
transcriptase (Promega, USA), 5Xbuffer (Promega, & & RE AAEEEL AR R 12¢ A= 1AL
USA)E 42°ColA 1A1F ¥-g-AIH T ¢(DNAE 260 nmel g AF7F AgtEolglov 74 AlEtA S =l
M EFHF=E 243l reverse transcription reactione HhA A okt Aledy] Zok AT S A2 3| AL
A8 o A vlwA Ao B Ae tha Ao »

AR om, 53] Caor e 1 J =7t At

(3) reverse transcription-PCR Adeke] F7tR skt A RE S wd Ee g iR

H&¥ cDNAZ TDMH (670 mM Tris-HCI (pH AHE HYed 2 Je T3 CFelA dAAsHA Yepdt
8.8), 1% Tween 20, 166 mM ammonium sulphate, (Fig. ).
100uM dNTP, 2 mM magnesium chloride buffer, 10 = AR AAE AH st APt g A F
uM sense % antisense primer, 1 unit Taq polymerase Qo] gebd HrlE AFgstgitt AEY) 4 ddEte & &
4 SHFE 7Isl] FHS 25 W=z 3 F 58C of|A 30% 3YA e AT BT 28l O E5olA S-TE
F A e & oA 92¢C oA 15%, 60°C 4] 30%, 72T goo] Fa1x]o] Ut} Ald7]el adete = § TUA
ol Al 3023t 353] AAIg & 72T oA 10%3F PCR W& A BT J2la O 25 A AlA Al Ald #9171 4
< AlZt. Primer sequences B3 Table 29 Z3tTH. A EEUT. & T 28YA ATS FElzE XA &
mRNA level®] A &et &S $18] human house keep- AE|Qlon AAE FEA oz F I AAV EE
ing geneS! f-actin®Z &3} (Fig. 8d). PCR ®H- a1, B A A543 3 Fx320] B
o] TaE A EA 7 S 1044 F 3kl 6Xload- 9o}, old AAFEo) wle] AR} Ho] AA FHo] 7}
ing buffer (0.25% bromphenol blue, 0.25% xylene oY, a8l G of7te] F23Z o] #aAEgloy 1
cyanol, 30% glycerol in water) 2 @<} &3t} 2% AErhnnlatsia, AR AA Al o ds) A Ee]E AT
A A (agarose gel)ol 100 Vel 3083t A7 538t
ethidium bromide® @A3ato] gel document system 2. YAMMA 274

(Bio-Rad, USA)°lA &A1t}

& ¥ 39 Fe A Add F97F A7F Be e

8) Quantitative analysis of PCR-product 3 G B AP Bt UEehdo] 8 de] g1lo]
Zy Fol|A i E AAAAAE2] PCR-product 42 270 7bssteth Aedr)d E9E & T 7R WA ARG
sto] Image Master VDS software (Pharmacia Biotech, £ AT BT 283 CollA A1 297t S71E 274 ¥
version 2.0) Z2IZ o] &3] F njg] FEO| W A7t AP Rt Hol AAREE € 5 Ul = &
e AR S Fota, FdA| g Attt 2 189 2897 ZGE ARRIAA AvtE 2T Zhte] WA B
& T 394 3HS 10002 slo] AA S Falo] HH S Fagol aela A FAF s WA Fapte] vet
H 1 £ it stk (Fig. 6a). B AAFH oA Et2g ] 55

Table 2. Polymerase Chain-Reaction Primer Information.

Gene bp Sense Primer Antisense Primer

TGF-#1 271 CGGCAGCTGTACATTGACTT AGCGCACGATCATGTTGGAC
IGF-I 345 GTACTTCAGAAGCAATGGGA GGTGCGCAATACATCTCCAG
bFGF 282 TACAACTTCAAGCAGAAGAG CAGCTCTTAGCAGACATTGG
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1) TGF-p1
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m, CoA = mlustuat oFgh & BYloh (Fig. 8a,
9a).

2) IGF-1

= ¥ 794 A7 BedlAE BT TR dds BYl
1, & F 28UATIA vluF A EATE BrolA ATE
o o] A3 o] Yelgth CoE BE 7)o wdo| H
Z] ow‘}/v\q (Flg. 8b, 9b).

3) bFGF

= F 794 AT Bl TGF-12} IGF-1 ¥the
oA T7E HHE HYlw & F 14°‘77}21 A=A
om & T 28UAo] AT 7tad WS Bl B

A9 wo] w2 okt a8a
o] ¥2] &9kt} (Fig. 8c, 9¢).
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Rabbit s mandible and distraction design of the model.
Radiograph of rabbit' s mandible.

Osteotomy was performed between the premolar and mental foramen and the distraction device was
placed.

Extraoral photographs after operation.

Extraoral photographs of rabbit demonstrating mandibular distraction.
a. Prior to distraction.
b. After distraction, severe cross-bite developed.

Radiographic findings at 28 days in all groups.
Osteotomy line was remodeled in all groups and A28 & B28 distracted site were more radiopaque than
C28.

Histologic findings at 3, 7, 14, 28 days in all groups (H-E stain). Newly formed osteoid tissue (arrow)
was viewed in A7. Small foci of endochondral ossification(arrow) was existed in Al4, B7. The distrac-
tion gap was filled with new bone trabeculae in A28, B28. New bone trabeculae with osteoblast rimming
were seen in C28.

. RT-PCR analysis demonstrating expression of growth factors.

a. Expression of TGF-B1 at 3, 7, 14, 28 days in all groups.

b. Expression of IGF-T at 3, 7, 14, 28 days in all groups.

c. Expression of bFGF at 3, 7, 14, 28 days in all groups.

d. Expression of f-actin.

Note that growth factors expression increased during distraction, early consolidation, consolidation peri-
od in A, B group than C group.

Quantitative analysis of growth factors.

a. Quantitative analysis of TGF-8

b. Quantitative analysis of IGF-I

c. Quantitative analysis of bFGF

Note that expression of TGF-1, IGF-I and bFGF were maintained at high level during distraction and
consolidation period in A and B groups than C group.
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Fig. 2. Radiographic feature.

Fig. 4. Application of device.

a) preoperative feature b) postoperative feature

Fig. 5. Extraoral photographs.

a) A28 (post-op 28 days) b) B28 (post-op 28 days) c¢) C28 (post-op 28 days)
Fig. 6. Radiographic findings.
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a) A3 (x 40)

d) A7 (x 100)

9 14 (x 100) h) B14 (x 100)

) A28 (x 40) © B28 (x 40) ) C28 (x 100)
Fig. 7. Histologic findings (H&E stain).
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a. Expression of TGF-81

b. Expression of IGF-

c. Expression of bFGF

d. Expression of f-actin

Fig. 8. RT-PCR analysis.
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Fig. 9. Quantitative analysis of growth factors.
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