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Abstract (J. Kor. Oral Maxillofac. Surg. 2002;28:114-125)

INFLUENCE OF CO-CULTURED FIBROBLASTS ON THE DIFFERENTIATION OF
MOUSE CALVARIA-DERIVED UNDIFFERENTIATED MESENCHYMAL CELLS IN VITRO

Yu-Sun Hwang, Myung-Rae Kim
Department of Medicine, Ewha Womans University Graduate School

This study was designed to evaluate the influence of fibroblasts or connective tissue from mouse oral mucosa on differentiation of
neonatal mouse calvaria-derived osteoblasts and mineralization of bone nodules. Primary cell cultures from mouse calvarial osteoblasts
and 2-4 passaged fibroblasts from oral mucosa were co-cultured in monolayer cultures, devided into 6 experimental group according to
cell density or cell confluency. Osteoblasts were also co-cultured with fibroblasts in Transwell® culture plate with different co-cultured
period according to osteoblast differentiation. The alkaline phosphatase activity were measured in monolayer cultures and cultures
using Transwell®. The mineralized bone nodules were presented by Von Kossa staining and density of mineralized nodules was mea-
sured by image analysis. The connective tissues with or without osteoblast seeding were cultured and examined histologically by Von
Kossa and Trichrome Goldner staining.

The results were as follows;

1. Prolonged maturation of matrix and delayed mineralization of bone nodules were resulted in monolayer cultures.

2. Co-culture of fibroblast with osteoblast using Transwell® during osteoblast proliferation stage stimulated proliferation of osteoblasts

and increased alkaline phosphatase activity and mineralization of bone nodules.

3. Co-culture of fibroblast with osteoblast using Transwell® during matrix mineralization stage decreased and delayed mineralization

of bone nodules.

4. In vitro cultured connective tissue with osteoblast seeding resulted in proliferation of osteoblasts and matrix formation with miner-

alization.

Key words : Osteoblast differentiation, Mineralization, Fibroblast co-culture
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Table 1. Initiation of bone nodule formation in monolayer
cultures.

Initial day of bone nodule formation
days in culture

Experimental groups

OB 15 days
OBC+FB 15 days
OB+FB(1/0.5) 17 days
OB+FB(0.5/0.5) 17 days
FBC+OB 20 days
FB not appeared

OB: osteoblast, OBC: osteoblast confluent, FB: fibroblast, FBC: fibrob-
last confluent
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Table 2. Effect of culture condition on alkaline phosphatase acitivity of osteoblasts in monolayer cultures (Mean+SD)

ALP activity (p-nitrophenol micromole/min/ml)

Experimental groups

day 7 day 15 day 19 day 26 day 33
OB 0.016+0.001 0.149+0.006 0.125+0.002 0.123+0.005 0.076+0.006
OBC+FB 0.023+0.001 0.160+0.015 0.120+-0.005 0.123+0.001 0.070+0.003
OB+FB(1/0.5) 0.018+0.002 0.063+0.006 0.064+0.003 0.095+0.002 0.055+0.001
OB+FB(0.5/0.5) 0.014+0.001 0.043+0.006 0.049+0.002 0.067+0.002 0.055+0.012
FBC+OB 0.016+0.001 0.022+0.006 0.023+0.002 0.048+-0003 0.024+0.005
FB 0.009+0.001 0.016+0.002 0.014+0.001 0.023+0.002 0.016+0.002

OB: osteablast, OBC: osteoblast confluent, FB: fibroblast, FBC: fibroblast confluent
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Fig. 1. lllustration of Transwell® used for osteoblast and
fibroblast co-culture.
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Fig. 2. Graphs showing effect of culture condition on alkaline phosphatase activity of osteoblasts

monolayer cultures.
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Table 3. Effect of fibroblast co-culture through Transwell® with various co-culture periods on alkaline phosphatase activ-

ity of osteoblasts (Mean+SD)

Experimental groups

ALP activity (p-nitrophenol micromole/min/mg)

day 17 day 21 day 28 day 35
OB 0.827+0.069 0.405+0.030 0.365+0.017 0.317+0.016
PR-MT-MN 0.556+0.063 0.468+0.074 0.715+0.010 0.504+0.024
MT-MN 0.200+0.060 0.526+0.002 0.387+0.025 0.332+0.011
MN 0.184+0.013 0.401+0.023 0442+0.012 0.376+0.006
PR 0.515+0.024 1.010+0.041 0.871+0.023 0.735+0.013
MT 0.286+0.007 0.737+0.054 0.493+0.032 0.408+0.016

OB: osteoblast, PR: proliferation, MT: maturation, MN: mineralization

g ( _ |

Fig. 3. Photographs of the mineralized bone nodules stained by Von Kossa in monolayer cultures at day-19 (a), day-33 (b),

and day-41 (c). Culture plates: OB(upper left), OBC+FB(upper middle), OB+FB(1/0.5) (upper right), OB+FB
(0.5/0.5) (lower left), FBC+O0B (lower middle) and FB (lower right).
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Fig. 4. A graph showing densitometric measurements 7198 PRZ3F MTS OBZ-o H]&] k7|2 2442 A 3] 37}
of mineralized bone nodules in monolayer cultures. O Ag 5 A Bk vid A3 877 L3E SAu] o)
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Fig. 5. Graphs showing effect of fibroblast co-culture through Transwell® with various co-culture periods on
alkaline phosphatase activity of osteoblasts.

a b c

Fig. 6. Photographs of the mineralized bone nodules stained by Von Kossa in cultures through Transwell® at day 21 (a), day
35 (b), and day 42 (c). Culture plates: OB(upper left), PR-MT-MN(upper middle), MT-MN(upper right), MN(lower left),
PR(lower middle) and MT (lower right).

120



254 gl
T2 =

(8]

- .
(5] .=-T'I"
ii3 e
- —

i—

f e

Fig. 7. A graph showing densitometric measurement
of mineralized bone nodules in cultures through
Transwell®.

Fig. 9. Longitudinal section of 4-week-cultured
connective tissue without osteoblast seeding(Von
Kossa & Trichrome Goldner staining, x200).

Fig. 11. Longitudinal section of 6-week-cultured
connective tissue without osteoblast seeding(Von
Kossa & Trichrome Goldner staining, x200).
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Fig. 8. Longitudinal section of 4-week-cultured
connective tissue with osteoblast seeding on the
top of tissue. Showing osteoblasts (arrow), C:
collagen matrix and M: mineralized area.(Von Kossa
& Trichrome Goldner staining, x200).

Fig. 10. Longitudinal section of 6-week-cultured
connective tissue with osteoblast seeding on the
top of tissue. Showing osteoblast(arrow), C:
collagen matrix, M: mineralized area(Von Kossa &
Trichrome Goldner staining, x200).
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