The effect of hyaluronic acid on expression of extracellular matrix
proteins and bone formation in rabbit mandibular distraction

osteogenesis

Ki-Nam Park 1, Hyun-Chul Song 1, Yu-Jin Jeel, Jin-Young Yoo 2
' Div. of OMFES, Dept. of Dentistry, St. Vincent’'s Hospital, The Catholic University of Korea

® Dept. of pathology, St. Vincent's Hospital, The Catholic University of Korea

EREE!

32

442-060 7% F9A] 2 25 93 7HEY U AUAERSY X3

Hyun—Chul Song

Department of Dentistry, St. Vincent's Hospital, The Catholic University of Korea, 93
Chi-Dong, Paldal-Ku, Suwon 442-060, Korea

Tel: 82-31-249-7670 Fax: 82-31-258-3352

E-mail: omsjyj@kornet.net

3 A A} & (Acknowledgement)
= AT 7 2 AsE ATE] T4 (

F2 Qs JNAER Age)g

ALz eo]del ol at=ew, Ao s

Taol FAEHUY

re N

i)
)

B 50



ABSTRACT

The effect of hyaluronic acid on expression of extracellular matrix
proteins and bone formation in rabbit mandibular distraction

osteogenesis

Ki-Nam Park 1, Hyun-Chul Song 1, Yu-Jin Jeel, Jin-Young Yoo 2

' Div. of OMFES, Dept. of Dentistry, St. Vincent’'s Hospital, The Catholic University of Korea

z Dept. of pathology, St. Vincent’s Hospital, The Catholic University of Korea

Distraction osteogenesis is a new bone formation technique. There is a advantage of the
environmental adaptation when distraction force is applied to the gap between osteotomy lines.
But it has a disadvantage of long-term wearing of the appliance and long consolidation period.
Therefore we make an effort to reduce it and repair normal function.

Extracellular matrix proteins have a function to control the cellular growth, migration, shape
and metabolism. In these, hyaluronic acid is a member of polysaccharide glycosaminoglycans
(GAGs) and has a important function as hone formation and osteoinduction property.

Purpose : In this experimental study in rabbit mandibular distraction osteogenesis, we
investigated the bone enhancing property of hyaluronic acid and the expression of extracellular
proteins such as osteocalcin and osteonectin.

Materials and Methods : The experimental study was carried out on 24 Korean male white
rabbits (both mandibular hody, n=48). Distraction group was divided to distraction
experimental (A, n=16) and distraction control (B, n=16) by the application of hyaluronic acid
(Hyruan, LGCI, Seoul, Korea). Normal control group (C, n=16) was only osteotomized. After 5
days latency, distraction devices were activated at a rate of 1.4 mm per day (0.7 mm every
12hours) for 3.5 days. Animals were sacrificed at postoperative 3, 7, 14, and 28 days. H&E

stain and immunohistochemical stain was done on decalcified section. Additionally RT-PCR



analysis was done for the identification of the expression of osteocalcin and osteonectin.
Results : The bone formation in distraction experimental group was much more than that in
distraction and normal control group at postoperative 28 days. In immunohistochemical stain,
osteocalcin was enhanced at only postoperative 14 days, but osteonectin was not different at
each post-operation days. In RT-PCR analysis, osteocalcin was not different at each
post—operation days, but osteonectin was strongly expressed in distraction experimental group
at postoperative 7 days. The expression of osteocalcin and osteonectin was elevated during the
healing period.

Conclusion : We found the good bone formation ability of hyaluronic acid in distraction
osteogenesis through the immunochistochemistry and RT-PCR analysis to osteocalcin and
osteonectin, known as a bone formation marker. The application of hyaluronic acid in

distraction osteogenesis is a method to reduce the consolidation period.

Key words : distraction osteogenesis, extracelluar matrix proteins, hyaluronic acid
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Table 1. Polymerase chain-reaction primer information

Gene bp Sense primer Antisense primer
Osteocalcin | 678 | GACACCATGAGGACCCTCTC GGCTCCAGGGGATCTGGG
Osteonectin | 291 CTCCACCTGGACTACATCG GCTGGCCAAACTGCCAGTG

Table 2. The expression of osteocalcin in mandibular distraction area

Group 3day 7day l4day 28day
A group 0 + + + + +
B group 0 + + ++
C group 0 + + ++
Table 3. The expression of osteonectin in mandibular distraction area
Group 3day 7day l4day 28day
A group 0 + + ++
B group 0 + + ++
C group 0 + + ++
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Rabbit’s mandible and distraction design of the model. Arrow describes the osteotomy lines.

Custom-made distraction device.

Hyaluronic acid (Hyruan, LGCI, Seoul, Korea).

Surgical procedures.

a. Osteotomy was performed anterior to the premolar and posterior to the mental foramen
(arrow : mental nerve, arrow head : osteotomy line).

b. Distraction device was fixed to the mandibular body.

. Extraoral photographs demonstrating mandibular distraction.

a. Prior to distraction, normal occlusion.
b. After distraction, severe cross-—bite.

c. After distraction, severe attrition of lower incisors (arrow).

. Bone regeneration photographs of each group in post-op 28 days.

a. normal control group (arrow : excessive bone tissue).
b. distraction control group.

c¢. distraction experimental group.

. Radiologic findings.

Distraction gap was described with arrow. Osteotomy line was radiolucent in all group of

post-op 3 days and 7 days. Distraction gap was filled with radiopacity from post-op 14 days.

. Histologic findings (H&E stain).

a. osteotomy line was filled with hematoma and inflammatory tissue in post-op 3 days. Normal
control and distraction experimental group was similar to distraction control group.

b. Arrow described the cartilageous tissue and arrow head described the bone formation in
distraction control group of post-op 7 days.

c. Arrow described the cartilageous tissue and arrow head described the bone formation in
distraction experimental group of post-op 7 days.

d. Normal control group of post-op 14 days described the complete healing with new bone and
arrow described the trabecular bone formation.

e. Arrow described the new vessels and arrow head described the trabecular bone formation in
distraction control group of post-op 14 days.

f. The cartilageous tissue (arrow head) still remained and fibrosis (arrow) was seen in

distraction experimental group of post-op 14 days. But bone formation was similar to



distraction control group of post-op 14 days.

g, h, 1. Post-op 28 days. The gap was filled with new bone and distraction experimental group
showed more bone formation than normal and distraction control group.

Fig. 9. Immunohistochemical expression of osteocalcin in post-op 3, 7, 14, and 28 days.

Arrow described the expression of osteocalcin. Osteocalcin was detected in new bone formation
area (osteoid) and cell cytoplasm. Distraction experimental group of post-op 14 days showed
more expression than normal and distraction control of post-op 14 days. All group showed ++
expression in post-op 28 days.

Fig. 10. Immunohistochemical expression of osteonectin in post-op 3, 7, 14, and 28 days.

Arrow described the expression of osteonectin. Each group didn’t show the expression of

osteonectin in post-op 3 days and it had no difference in the extent of expression.
Fig. 11. RT-PCR analysis in osteocalcin of post-op 3, 7, 14, and 28 days.

Osteocalcin expression had no difference in distraction control and experimental group. It was
not expressed in normal control of post-op 28days.

Fig. 12. RT-PCR analysis in osteonectin of post-op 3, 7, 14, and 28 days.

Osteonectin expression didn’t appear in each group at post-op 3 days. In post-op 7 days, the
expression of osteonectin in distraction experimental group was higher than that in normal
and distraction control group.

Fig. 13. Expression of B-actin.

Sequence; ATCGTGGGCCGCCCTAGGCA, TGGCCTTAGGGTTCAGAGGGG, bp(293)



