CHtetoto & gazi el nfets|x]: Vol. 31, No. 3, 2009

— Abstract

MANDIBULAR BONE REGENERATION USING AUTOGENOUS SKIN-DERIVED PRECURSOR CELLS

WITH A MIXED DEMINERALIZED BONE AND FIBRIN GLUE SCAFFOLD IN MINIATURE PIGS

June-Ho Byun?, Mun-Jeong Choi*, Young-Jin Choi*, Kyoung-Mok Shim?,
Uk-Kyu Kim?, Jong-Ryoul Kim?, Bong-Wook Park*

'Department Oral & Maxillofacial Surgery, School of Medicine and Institute of Health Science, Gyeongsang National University

‘Department of Oral & Maxillofacial Surgery, School of Dentistry, Pusan National University

Purpose: The aims of this study were to assess the in vitro co—culturing pattern of isolated skin-derived
precursor cells (SKPs) with a mixed demineralized bone (DMB) and fibrin glue scaffold and to evaluate in
vivo osteogenesis after transplantation of autogenous SKPs with a these mixed scaffold in the animal s
mandibular defects.

Materials and Methods: We isolated SKPs from the ears of adult 4 miniature pigs. The isolated SKPs
were co—cultured with a mixed DMB and fibrin glue scaffold in a non-osteogenic medium for 1, 2, and 4
weeks. Histological characteristics of in vitro co-cultured cells and scaffold were evaluated. 1x10" cells/100
A of autogenous porcine SKPs were grafted into the mandibular defects with a DMB and fibrin glue scaf-
fold. In the control sites, only a scaffold was grafted, without SKPs. After two animals each were eutha-
nized at 2 and 4 weeks after grafting, the in vivo osteogenesis was evaluated with histolomorphometric
and osteocalcin immunohistochemical studies.

Results: Homogeneously shaped skin-derived cells were isolated from porcine ear skin after 3 or 4
weeks of primary culture. In vitro osteogenic differentiation of SKPs was observed after co—culturing with a
DMB and fibrin glue scaffold in a non-osteogenic medium. Von Kossa-positive bone minerals were also
noted in the co-cultured medium at 4 weeks. As the culture time progressed, the number of observable
cells increased. Trabecular new bone formation and osteocalcin expression were more pronounced in the
SKP-grafted group compared to the control group.

Conclusion: These findings suggest that autogenous SKP grafting with a DMB and fibrin glue scaffold
can serve as a useful alternative to bone grafting technique.

Key words: Skin-derived precursor cells, In vitro osteogenesis, In vivo osteogeneis,
Mandibular bone regeneration.
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Fig. 1. Isolation and cultivation of skin-derived precursor cells from the ear skin of miniature pigs.

A & B, After 7 days of primary culture (passage 0, x 40). Irregular and heterogeneous shaping of
skin-derived cells was observed in this primary culture period. C, After 3 weeks of culture, homo-
geneous skin-derived cells were proliferated in the culture plate (x 40).

Fig. 2. In vitro co-culture of skin-derived precursor cells
(SKPs) with a mixed DMB and fibrin glue scaffold in non-
osteogenic inductive media. A, Immediately after primary
co-culture of SKPs with a mixed scaffold in DMEM-F12.
B, Round and homogeneous SKPs were observed in the
mixed scaffold at 1 week after cell seeding (x 40 magnifi-
cation). C, Dark brown matrix formation (arrow) and an
increased number of cultivated cells were observed at 2
weeks after co-culture (x 40). D, Enhanced positive von
Kossa staining was detected at 4 weeks after in vitro co-
culture (x 40).
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Fig. 3. The specimens of in vitro co-cultured SKPs
with a DMB and fibrin glue scaffold. A, One week
later of co-culturing. Culturing cells were visual-
ized in the mixed scaffold (x 100). B, Two weeks
later of co-culturing. Slightly increased visualized
cell number was detected compared with one
week specimen (x100). C & D, Four weeks later
of co-culturing. Well-preserved round and homo-
geneous cells were observed in the mixed scaf-
fold and the visualized cell number increased as
time passed (C, x 100; D, x 200).

Fig. 4. Bone regeneration using autogenous SKPs in
the porcine mandibular defect. A, Square shaped
bony defects were made in the mandibular body. B,
Photograph of SKPs at immediately before in vivo
graft. C, Autogenous SKPs were grafted with dem-
ineralized bone and fibrin scaffold in one side of
defect. The other defect was filled with only deminer-
alized bone and fibrin scaffold. D, Resorbable bovine
collagen dura mater (Lyoplant® Aesculap, Germany)
was covered on the grafted defects.
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Fig. 5. Histological views at two weeks after graft. (A & B) Control specimen. A, Newly-generated trabecular bones were weakly
observed under the periosteum (arrow). However, it was rarely observed in the grafted defect (arrowhead) (x 12 magnifica-
tion). B, Osteocalcin was not detected in grafted tissues in control specimen (x 100 magnification). C, In autogenous SKPs
grafted group, abundant newly-generated trabecular bones were observed from underlying basal bone (arrow) (x 40 magnifi-
cation). D & E, Osteocalcin was detected in osteoblsts (arrow) lining the trabecular bone and osteocytes (arrowhead) in the
new bone (C; x 40 and D; x 200 magnifications). E, Osteocalcin positived new-bone generative activity (arrow) was detected
around the grafted demineralized bones (arrowhead) in the autogenous SKPs grafted group (x 100 magnifications).

Fig. 6. Histologic appearances at four weeks after graft. (A & B) Control specimen. A, Slightly increased new bone generation
(arrow) and osteocalcin activity were observed compared with control group of 2 weeks after graft (A and B; x 40 magnifica-
tions). (C & D) Newly-generated trabecular bones were more enhanced and matured than the specimen of 2 weeks after graft
(C: *, basal bone; arrow, borderline of basal bone and new bone) (C; x 40 and D; x 100 magnifications). E, In this period,
osteocalcin was also detected in matured osteogenic cells (x 200 magnification).

Table 1. Semi-quantitative analysis of osteocalcin staining in cellular components of the newly-generated bones in
mandibular defects.

Control group Experimental group
Osteoblasts Osteocytes Osteoblasts Osteocytes
2 weeks later - - T4+ T+
4 weeks later + +/- + 4+ +
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