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A STUDY ON THE OSTEOGENIC DIFFERENTIATION OF
ADIPOSE-DERIVED ADULT STEM CELL

Eui Seok Lee, Hyon Seok Jang, Jong Jin Kwon, Jae Suk Rim
Department of Oral and Maxillofacial Surgery, Korea University

Stem cells have self-renewal capacity, long-term viability, and multilineage potential. Adult bone
marrow contains mesenchymal stem cells. Bone marrow-derived mesenchymal stem cells (BMSCs)
are progenitors of skeletal tissue components and can differentiate into adipocytes, chondrocytes,
osteoblasts, and myoblasts in vitro and undergo differentiation in vivo.

However, the clinical use of BMSCs has presented problems, including pain, morbidity, and low
cell number upon harvest. Recent studies have identified a putative stem cell population within the
adipose tissue. Human adipose tissue contains pluripotent stem cells simillar to bone marrow-
derived stem cells that can differentiate toward the osteogenic, adipogenic, myogenic, and chondro-
genic lineages.

Human adipose tissue-derived stem cells (ATSCs) could be proposed as an alternative source of
adult bone marrow stem cells, and could be obtained in large quantities, under local anesthesia,
with minimal discomfort. Human adipose tissue obtained by liposuction was processed to obtain
ATSCs.

In this study, we compared the osteogenic differentiation of ATSCs in a specific osteogenic induc-
tion medium with that in a non-osteogenic medium. ATSCs were incubated in an osteogenic medium
for 28 days to induce osteogenesis respectively. Osteogenic differentiation was assessed by von Kossa
and alkaline phosphatase staining. Expression of osteocyte specific bone sialoprotein, osteocalcin,
collagen type I and alkaline phosphatase, bone morphogenic protein 2, bone morphogenic protein 6
was confirmed by RT-PCR.

ATSCs incubated in the osteogenic medium were stained positively for von Kossa and alkaline
phosphatase staining. Expression of osteocyte specific genes was also detected. Since this cell popu-
lation can be easily identified through fluorescence microscopy, it may be an ideal source of ATSCs
for further experiments on stem cell biology and tissue engineering. The present results show that
ADSCs have an ability to differentiate into osteoblasts. In the present study, we extend this
approach to characterize adipose tissue-derived stem cells.
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alkaline phosphatase(ALP) staining@ von Kossa
staining® 2183tz BMP-2(bone morphogenic pro-
tein-2), BMP-6(bone morphogenic protein-6),
Osteocalcin, Osteopontin, Bone sialoprotein(Bsp),
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g AHurs (Reverse Transcription Polymerase
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1. AE=2 7eff £7|M=22 22| & st

#7ke] Fe o BR A FAeS Bt AR A
A FVNANEZE T8, AT AL
Krebs-Ringer® 22 A& 3}1 collagenaseE ©] 854
digestions A|83}ed Halvorsen 52 4ol ol £7]
AZE Bt Az daxzE st
plastic adherence® ©]&3to] @&+ JEZ E3tt.
223k AIELE 10%(v/v) fetal bovine serum(FBS,
Gibco)& X338l Dulbecco s modified Eagle s medi-
um-Ham' s nutrient broth F12 (DMEM-F12, 1:1,
v/v, Gibco)¥ maintenance medium22 3dled, R&D
systems(Minneapolis, MN) 2228 143} transform-
ing growth factor A(TGF-8, 0.25 ug/mL), human epi-
dermal growth factor(EGF, 5ug/mL)9 human basic
fibroblastic growth factor(bFGF, lug/mL)E o]-&3}o
culture expansions A3t A@TA = A =7
AE] A LR F3E FE3] 95t 10% FBSE
2%3 DMEM-F12 HlA] 10 #M dexamethasone
(Sigma), ascorbate 2-phosphate(50 #g/mL Sigma) 9t
100 mM fglycerol phosphate(Sigma)& Fois}o] st

S AlgE o, daddAes F34 /= Hﬂ%k"—‘u’% o
A ¥3 10% FBSE X &3t DMEM-F12 wjx]of v
< Algetact

2. Alkaline Phosphatase % von Kossa Staining

24 719l w871 E7ANEE 35 FRF WjFsta, A
1,3, 5,7, 14, 214949 cold PBS(Sigma) & M E&&
3] A4 & i FAEEE ACP mix (acetone:citrate
solution:37% paraformaldehyde=65:25:8)% ©]&3}
23k Sigma Diagnostics®AF] ALP staining kit
o]&3to] alkaline phosphatase activity® &% 3%
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2 A SHFE AFE T 60R7 UV lightE 24K
. #19} 22 alkaline phosphatase staining® von
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camera® #9st3 $M%Z Scionic PC image analysis
softwareE ©] &8l #Ajalsir}.
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BMP-2, BMP-6, osteopontin, osteocalcin, bone
sialoprotein® collagen 159 ¥4 #& vhao] § Zﬁ}
BHE QAT ES dgubgog BAsh v
He fractin? ) Bl S A3 0?%"5\2“1 o| *}%Ef}
primers table 19 Yeh} )t} Tri-reagent(Sigma) &
°]-83to] Chomczynski®} Sacchi®] single-step method
o w2} total RNAS F%3l2 UV spectrophotometry
(Phamacia, Gene Quant, LKB Biochrom, England) 2

AUz Fef E7IMES] ZEHEZ | F3joff Cist HFHE o7

TEE FAsta o|F 3.5ueS R Superscriptreverse

transcriptase (Life Technologies Inc.)$} oligo(dT)16
primerg o] &34 first strand cDNAE Eg3lsitt. 100
U ENE Az FAE cDNAY 1/102 A&l
PCRZ A4t BMP-29F BMP-6& 30 cycle(95T
A 187t denaturations Al&EAL cycleS F7HA71®
A 95ToA 453, 60TolA 452, T2CHAM 287 A]
33ta, f-actin® collagen [ 40 cycle(94ClA 387
27 denaturation, cycle S7HA1718A 94Tl 15
55ClA 18, 727TA 1)<, bone sialoprotein 40
cycle(94Coll A 387 7] denaturation, cycleg S7HAl
FIHA 94CAA 18, 56.5TAA 1£, 72TM 18),
osteocalcine 40 cycle(94°ColA 383F 27] denatura-
tion, cycle Z7HA7IHA 94CodA 18, 60TA 1E,
72T 1 #)9 27102 PCRE A3t} o] 104
£ ol&3ld] ethidium bromide® FGA¥ 1,5% agarose
gel& UV transillumination®.2 #2431 digital cam-
era® #93l 1 Scion image analysis softwareE ©]-8-3}
o BXM& Aldstsitt, f-actinel thdt A4tlA 2l intensity
£ F8l9 RT-PCR A%E B4t

Table1 PCR oligonucleotide primer sequences and sizes of expected amphfncahon products

Primer Sequence

BMP-2 forward

5 -GAGTTTGAGTTGAGGCTGCTC

BMP-2 reverse 5 -TGAGTCACTAACCTGGTATCC 442bp
BMP-6 forward 5 ~-GCAGAACGGAGATCTTGTCGG 6290p
BMP-6 reverse 5 -GTCTCTGTGCTGATGCTCCT
Col 1 forward 5 -TGACGAGACCAAGAACTG 599bp
Col 1 reverse 5 -CCATCCAAACCACTGAAACC
BSP forward 5 -GCTCAGCATTTTGGGAATGGC 614bp
BSP reverse 5 -CTGCATTGGCTCCAGTGACAC
OC forward 5 -GTCCAAGCAGGAGGGCAG 997bp
OC reverse 5 -TTGAGCTCACACACCTCCC
B-actin forward 5 -CCTTCCTGGGCATGGAGTGGTG 202bp

F-actin reverse

5 -GGAGCAATGATCTTGATCTTC

Table2 Reverse transcription polymerase chain reaction

“Primer denaturation annealing . polymerization .
BMP-6 95T 1 minute 95T 45 sec 60T 45 sec
BSP 94T 3 minutes 94°C 1 minute 56.5C 1 minute 72T 1407
Col 1 94C 3 minutes 94C 1 minute 56.5C 1 minute 720 1 40
BMP-2 95T 1 minutes 95T 45 sec 60T 45 sec 72T 2 30
oC 94C 3 minutes 94°C 1 minute 56.5C 1 minute 720 1 407
B-actin 94C 3 minutes 94°C 1 minute 56.5C 1 minute 72C 1 40
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Fig. 1. fat CD105-1.

Fig. 3. ALP staining (2 weeks).
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Fig. 5. Osteogenic differentiation of ATSCs(adipose tissue-derived stem cells) in a spe-

cific osteogenic induction medium.
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Fig. 7. BMP-2 expression.
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Fig. 9. Bone sialoprotein expression.
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Fig. 11. Osteocalcin expression.
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