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Induction of Osteogenesis from Cultured Mesenchymal
Stem Cells and Their Marker Expression
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Department of Orthopaedic Surgery, College of Medicine,
Kyung Hee University, Yonsal University*, Seoul, Korea

Purpose: To induce osteogenesis from culuted mesenchymal stem cell isolated from human

bone marrow and to detect the marker of osteogenesis to develop cell therapy method

Materials & Methods: Mesenchymal stem cell (MSC) was isolated form human bone marrow
and cultured. In vitro and in vivo induction of osteogenesis was performed. And histological,

immunohistochemical and molecular biological study was performed to confirm osteogenesis.

Results: Osteogenesis induced M SCs were strongly stained by ALP immunochemical stain.
Von Kossa stain showed black meneral deposition. Tetracyclin labeling revealed new bone for-
mation. RT-PCR for osteocalcin m-RNA showed increased osteocalcin m-RNA. H-E stain
showed penetration of cellular component into the pores of collagraft strip and showed formation

of osteoid.

Conclusion: Based on the results, osteogenesis could be induced from cultured mesenchymal
stem cell isolated from human bone marrow. Expression of markers for osteogenesis was con-

firmed by histologic, immunohistochemical, and molecular biologic method.
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goo0 0O 17 000 spinal needlel OOOO
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0 DO0OO0O 000 Phosphate buffered
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steptomycin OO0 DMEM-LG 0000 OO
00 6-well(10 cnt) tissue culture plated 3
x 10’ cells/critl OO0 2400 0000 OO0
O 000 00O0U0O0 oooooooooodg
0 100 nM dexamethasone(Sigma Chemical
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00. Ketamine(40 mg/kg, Ketara , 000
0)O 000 0D00D0O 00000 000 ooog
00000 000 00000 OO0 oood. 5
x5x 3mm 000 Type | collagend OO0 O
000 calcium phosphate ceramicll colla
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mesenchymal stem cells cultured in control medium for two weeks. The cells appeared fibroblastoid. (right,
x 100).

graft strip(Zimmer Orthopaedic, Warsaw,
IN, US.A)0O 00 0000 0000 2400 O
0 00 0000 collagraft stripdd 00000
oob o0 obb obb ooooo. boooo
000 D000 0000 00 collagraft O
oooog.

5.000 0000 oo

Collagraft strip0) 000 3, 6, 9, 1200 O
0O 000 0000 o0ooo. 000 collagraft
strip] formalin 00 000 O 100 000O0O
000 paraffin 00 OO0 5uym 000 OO OO
oo0o0o0 Oooo. 0000 oo oooo
Hematoxylin Eosin(H-E) OO0 0000 O
00 000 OO0 00000 ooo0o collagraft
stri) 00000 OO0 OO0 0O 0O0Oo00O0
0 0bd ooooo. bodo obboo oo
(newly-formed osteoid) OO0 OO OO0
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0 000 00000 .(Fig. 1)
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0.000 00 0bboo boo

0000 000 O0ooo oobo oo oo oo
0 0000 OO 11 p-nitrophenol nmol/
min/105 cellsD 00 O0O0O0O DOOO OO 5
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Fig. 2. Microscopic findings of akaline phosphatase staining of mesenchymal stem cell cultured in control medium
for two weeks. The cells were not stained with violet color (left, x 100). Microscopic findings of alkaline
phosphatase staining of mesenchymal stem cell cultured in osteogenic medium for two weeks. The cells were

stained with deep violet color (right, x 100).

0000 000 000000 00000 000
000 000 000 000 0000 000 OO0
00 0000 000 0000 000000 000
000 000.(Fig. 2)

0.000 00

000 000 0000 von Kossa 000 00
00 000 000000 00 000 0000 O
000 000 0000 0 000 0000 000
0000000000 00000000000
0 0000 000 0 0 000 .(Fig. 3)

0. Osteocalcin mRNAO 0O 0O

Osteocalcin mMRNADO 000 OO 0OOO
Northern blot analysisO 000000 O0O00O0O
000 O000O00O osteocalcin 00 mRNAD
000 0000 000 ooooo. oodo rela
tive density ratioll 12.1, 0000 relative

density ratioll 6.100 O0O0OO00O0 osteocalcin

mRNA] 000 0 20 000.
RT-PCR 000 000 000000 mRNAD
00000 .(Fig. 4)

3. 000000

H-E OO 000 00 300 000 Oooogd o
000 collagraft stripd 0 OO0 OO0 OOO
000 60 000 OOOOO OO0 collagraft
strify 000 OO0 OO0 ODO0OO O0OO OO0
0000 00000 D000 D00 ooo O o
go00.000000 D000 OO ooo god
00 0000 000 0 ooo.(Fig.- 5)

000 0000 D0o00OO0 oo ooboo gog
tetracyclin labeling OO0 O OO OO
000 000 000 00 00000 oo ooog
00 OO(osteoid) 000 O OO0 .(Fig- 6)
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00 OO0 (osteogenic cell), 0000 OO(chonrr
drogenic cell), 00 OO0 (adipocytic cell), OO
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Fig. 5. A. Microscopic findings of H-E stained specimen (collagraft only), which was grafted on the back of rat 6
weeks hefore. Pores of collagraft were filled with scanty cells and some fibrous tissue . B. Microscopic find-
ings of H-E stained specimen (collagraft +mesenchymal stem cells), which was grafted on the back of rat 6
weeks before. Pores of collagraft were filled with abundant cells and osteoid.

00 oooobo oobo oo oobo oo oo
00 000 oooooo ooo ooobo oo oo
00O 00O (bioactive factor) osteogenii®, 0
00 OO@BMP-2y;>®22=:30 00 00 oo
0 (osteogenic growth peptide),” 00000
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sone)***P0 0 O0O0O0O0O. 0000 OOO O
00 oobo oooo bob ouo oo oo
0000000 00000000000
0 0000 000 TGFftransforming growth
factor), PDGF-BB(platelet derived growth Fig. 6. Fluorescent microscopic findings of specimen,

factor-BB), FGF(fibroblast growth factor)O which was grafted on the back of rat 6 weeks
0 000 000072 0 00000 100 nM before. Yellow fluorescence indicate newly

formed osteoid.
dexamethasone, 10 mM B-glycerophosphate,
0.05 mM L-ascorbic acid-2-phosphate] 00 19960 Cassiede 070 00 0000
000000000 ooooo. hydroxyapatite 60%, tricalcium phosphate
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Fig. 3. Gross and microscopic findings of von-Kossa staining of mesenchymal stem cell cultured in osteogenic medi-
um for three weeks. There were dark black staining mineral depositions (x 40).
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00000 O00.0000 0002000000
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0O 0000 OO0 0000 osteocalcin m-RNA
0 OO0 Nothern blot analysisO0O OOO0O O
000 000 00 OO0 o0 Ooooo oooo
000 OO0 000 ODUODO oooo ooo oo
00 00000 0 0O 0O0D0.0 00000 oo

Fig. 4. Results of RT-PCR for osteocalcin m-RNA. 0000 000 0O0O00 ODDO000 000 O O
There was thick white band in osteogenesis 000000000000 0000 00 000

induced group compared to the control group. 0 0000 000 000 0000 00. 0000

(con: control group, osteo: osteogenesis induced
group). 0 00 00000 Cb4s, Cb14, CD34 00 O
00 000 oo Obooo oo oooog sH2,
O 0Od(fibroblastic cell), 00 0O0O(reticular SH3, SH4 00 000 000 OO0 O0OOOO
cel) 00 OO0 O OO0 O0OO O0OO OO OO 0O 0000 ogn.te
O(stem cellD)d OO0O0OO0 OO0 OOO OOOO2 ooo,” ooo,* 00222 00, o000
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