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Abstract (J. Kor. Oral Maxillofac. Surg. 2006;32:524-529)

DIFFERENTIATION OF ADULT STEM CELL DERIVED
FROM BUCCAL FAT PAD INTO OSTEOBLAST

Sung-Woon Pyo, Jang-Woo Park*, ll-Kyu Lee**, Chang-Hyen Kim
Department of Oral and Maxillofacial Surgery, College of Medicine, The Catholic University of Korea
*Department of Implantolgoy, Graduate School of Clinical Dental Science, The Catholic University of Korea
“Department of Integrative Medicine, Graduate school, The Catholic University of Korea

For the repairing of bone defect, autogenous or allogenic bone grafting remains the standard. However, these methods have numerous disadvantages
including limited amount, donor site morbidity and spread of diseases. Tissue engineering technique by culturing stem cells may alow for a smart
solution for this problem. Adipose tissue contains mesenchymal stem cells that can be differentiate into bone, cartilage, fat or muscle by exposing
them to specific growth conditions. In this study, the authors procured the stem cell from buccal fat pad and differentiate them into osteoblast and are

to examine the bone induction capacity.

Buccal fat-derived cells (BFDC) were obtained from human buccal fat pad and cultured. BFDC were analyzed for presence of stem cell by
immunofluorescent staining against CD-34, CD-105 and STRO-1. After BFDC were differentiated in osteogenic medium for three passages, their
ability to differentiate into osteogenic pathway were checked by akaline phosphatase (ALP) staining, Alizarin red staining and RT-PCR for osteocal-
cin (OC) gene expression. Immunofluorescent and biochemical assays demonstrated that BFDC might be a distinguished stem cells and mineralization
was accompanied by increased activity or expression of ALP and OC. And calcium phosphate deposition was also detected in their extracelluar

matrix.

The current study supports the presence of stem cells within the buccal fat pad and the potential implications for human bone tissue engineering for

maxillofacial reconstruction.
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FEAAA LelE G A< 1% antibiotic & antimy-

ERAILIM YA E7IMES 22t 22 MEZS 23t

cotic (Gibco BRL, Grand Idand, USA)e] 3% PBS (Giboo BRL)
of "ol ¥t A E At dAA=E ENeHTh FF A
W2 34, A A 7F 9 PBSE HV# St ZA 2
237 0.06% collagenase (Type I;  Invitrogen Corporation, Carlshed,
USA)Z A g sle] 37C, 5% CO27} g% 8] 7] (Forma
Scientific Inc, Marietta, USA)oll A 12A] 7+ QF 71 &gl &, 1000
RPMO & 1087+ A8 8317 A A =S 10% FBS (Hydone,
Logan, USA)34} 1% P/S (Penicilli/Streptomycin; Gibco BRL)7} ¢
% a-MEM (Minimum Essentid Medium a; Hydone)ol] -] 7]
37, 70um cell strainer (BD Biostience, Bedford, USA)Z A& 33
AR ES obd 22 & AT DEE WA e g
w710 A vl QAT o) - vl o el st SAS =Y @)
7 Sol A #2ak ov), 2300l 1514 wjpel & make) F)
th. Al 7} 90% FE3H el o] o] 29 TrypsnEDTA (Giboo BRL)
2 AEZ BN F, 336 Aol oho] J2 A E R
(BFDC; Buccd fat-derived cdl)S & 31t}

2. Investigation of cell marker by immunofluorescent
staining

BFDC7} 7k 4ol A Bl Zab= A S 71 EEA 8] oS
7FsA o) e A EQJAA S E915}17] 9] 35he], hematopoietic stem
cdl markerel CD349} mesenchymd sromd cdl-8- A1 517] 93
AHEE = A Q] CD105, STRO-1oY o & S &3
SRS B

33] A} v ok ¥ BFDCS 0.25% trypsin/ EDTA (Gibco BRL)i
Fg5te] 1x 10704 4-wdl chamber dided]] £5+3}17, Al &
PBSZ 3H A& 3t &, 3.7% paraformaldehyde solution (Merck-
Schuchardt, Germany) ©. 2 Al 25 37C g+ ] k7] o A 0% &
ql-—/z%}\]iat} —/X40ﬂ° Fo 0133 PBSZ &+ W A A3, B
Eo] 7 kS8 2Elr] 15k 1% blocking bufferE- % 37 37°C
2w g7l A 308 Fot FstAth 1A A = Anti-
human CD34 (BD hio-science), Anti-human CD10° (Serotec Ltd,
Oxford, UK)$} Anti-human STRO-1 (R&D system, USA)=- 10
uyme] EE Mg F, 1070 59 A4 Rl o
Al PBSE 3% A ¥ 5l x 22} 314 (Goat anti-mouse IgG-FITC;
KPL,USA)E lugmle] s 2 7}k 3, A 2o A 1A 7+ Fok §
2slal, PBSE 3W M A slal 33| 402 A xE #Es)
Aot

3.

ﬂJH

=3t XM =E=tR

33] Alv) Wi g A xS osteogenic pahway 2 7t 588 o
27 Aol gt 238 fxal] 96, BADCE 12
well plateol] wellg2x 1072 ¥F35} 27 24/\]7l Bof 7129 )
okl & ZHF G- wjokol 0 B wEE YT THE 15w
okoll o] 212 DMEM (Dulbecco sModified EagIeMedlum), 10%
FBS, 0.1 uM Dexamethasone (Sigma), 10 mM glycerol phosphate
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(Sgma), 50 uM L-ascorbic adid 2-phosphate (Sigma)e] S tt. ©] vl %
of & 39 o)) 18] w3Ha| F1] 0%e) A E T3 EE B w7}
A v ¥t A =yAR A sl A FEj e A4S
okt (Luk i A)) 2 A2 (RS AR 2422 v
Hj Fsk AT

~
S|

AH

4. 773} A

o
jifed

A. Alkdine phogphatase assay

&3} Z A 72l Al £ dkdine phosphatese 4 =5 21
S o] gsto] BAEy] 9)5ted ZYA B3} WA o] A 5 x 10
] Al 22 chamber dideol| A 7, 14, 2194 7 7k} vl s}, Bt
33 =HE A F S 3, ALP staining kit (Sigma-Aldrich,
Steinheim, Germany)& AF-8-3Fo] A 3191 t}. Citrate-Acetone-
Formadehyde 377 9 of] 3037+ ©7F 214 8FaL Hol 2= A
2519t} £ gho] = = dkdinedye mixtureo]) A A -2-of 4] 1557}
F2bsl 7 ohA) A3 3 5 Neutrd Red solution©. 2 of = o 41 3}

(5]
AR

B. Alizarinred &3 2%

) 4 BFDCe] =8/ #3317 frie o, Zo] YA = A=A
gRlst7] flste] Mg 714 9] A 3] 8hE Ve &= Alizarin red
QAL NPeATh B F3 AN 5 x 10 ) A2
chamber didedl| A 7,14, 21 7F 22} vl k31 27, 4l £l A 10%for-
main®. 2 307k 1 Gsk, Fat 33 THRFE M H T F 2%
dizarin red (SgmarAldrich) 2 220 A 0E-7F G251 7 tha] E
# 3 SRTFEAHG L = AN o & AEstdTh

5. RNA/gene expression by RT-PCR

=94 T3t A A 7, 14, 214 7+ 7+t vl <kst ol PBS
(Gibco BRL)Z A 2 31 3= cdll scragper (Sarsted, Inc, Newton, USA)
=2 o]&3lo] 4283} 7, QIAGEN RNA extraction kit (QIAGEN,
Hilden, Germany) & ©]&-3}o] RNAS 2] 3+ % RT-PCR premix
(Bioneer, th 4, =) ©]&3to RT-PCRe 85t 3ith 2
3l totd RNA 5ug2 42C o)l A 602 7F M-MULV g -A 245
o] &5to] cDNAZ AR 5, primerd-5 o] &-sto] F%3}5]
th AR2 3 pimere] A d-2 fowad 5 -ctg cat tet gec tet ctg ac-3
o} reverse 5 -ctatic acc acc ttactg cce-3 o), i W Z2+2
GAPDHE A3 5ith PCRO] kg 2712 94T o A 537+
Aek T, 04C 18, 55C 18 30%, 72C 187 057]) AA|st2L
A et F7) o 4 72C 57 7F Ast At vk AbE
agarose gdol| A A 719 % 3 Ethidium bromides & A ko] UV
lampol] A €13} 3 T}

m&
1. M9 SHZAM (Immunofluorescent staining)

BFDCS| 543 she}at7] §18) CD makere) profiled: 73443}

S th BFDCe] 3t ¥ ol A FTC-conjugated CD-34, CD-105STRO-1

GRS olGote] G F 27ke] WA FTE BoAW A3,

CD-349) &8 & VA Shgkoh, A ER6] 4 OD-106 3

STRO-10] #@5 = %42 BT (Fig 1). ©] 3 2.2 BADC/}
[}

71 AERA S e S 2 e Ao E A 5 gl Th

Fig. 1. Immunofluorescent staining of hematopoetic and mesenchymal stem cell markers
expression in buccal fat pad driven stem cell (x100). A: No treat: B: Treatment of CD34
antibody; C: Treatment of CD105 antibody; D: Treatment of STRO-1 antibody.
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2. Alkaline Phosphatase S34H

BFDCE =34 Zatuf Aol A wj Fste] 7,14, 21 243} 5
Alkaline phosphatasee] 14 =& vhot el 2 3t 14 A -8 52
s A E = A S gdaiier A9 FdE g g9l
solusien, g4 9 vt Je &< Sdskdd (Fg 2.
utehA] akdine phosphatase?] &7 =71 Sl&2 Sl e = 3%l
£.1, osteogenic pathwayol| A =34 71573 & Bt

Day 7

Control §

BEXOA YA Z7IMES 22l 22 MEZC| 23

3. Alizarin red SAH

A 23} v Ao A vl %3 BFDC=, 14 A H-E] A 9]
71 Aol A 23]} 714 o] Wk FFS Hol7] AlFst e, 21
AA| o A A g By S Ho, BRDC7L Fi = A u) A
ANA R MERE FE E3tE o] Alxe] 78-S Atetal o
£ A3l glate Aol Fel= Ak (Fg. 3).

Fig. 2. Alkaline phosphatase staining result of buccal fat-derived cell (x200). A, B, C: control group, cultured in

universal media after 7, 14, 21 days respectively. D, E, F: experimental group, cultured in osteogenic media after

7, 14, 21 days respectively.

Day 7

Control

OM media

Day 14

Day 21

Fig. 3. Alizarin red staining result of buccal fat-derived cell (x200). A, B, C: control group, cultured in universal

media after 7, 14, 21 days respectively. D, E, F: experimental group, cultured in osteogenic media after 7, 14, 21

days respectively.
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Osteocalcin

Fig. 4. Expression of osteocalcin (303kb) in buccal fat-
drived cells after 21 days of culture in osteogenic media.
Lane A: 1Kb Size marker; B and C: cultured in osteogenic
media, D and E: cultured in universal media.

4. Osteocalcin &&iFF &l

2324 23} v Ao A ] ket BFDCE 2194 of] 433}
RNAE #2)elof RT-PORE Al ate] fazel 2dg o

& 7 7}, osgtocdldng: encodingst s W& o] f 427} 23
ol =), 2P0l FEHY YT FAL 5 9
(Fig. 4).
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QA Well= &7] ME7FEA AL o) &2 AT 27 ]
srolgol| A z}7) 2 A7) 2@ 2H o 7 By} 7}
Aol 45 YAS A5 T8 24 2 A7 AR
B} AHE BTee 7l 7ML Atk AA 1 2712
A AFR AT S T F, 2, AF 522 £t vt
Lahren, H 2o ot o) a5k A HbA| E ol = o] 7 3l =7
A E7FEA B Ao & o] FshiE ofu g} W, AE, 25, 4
TR AARA SR T3 b o] AL ke

o] ¥l Aol A= PR ol A 328 BFDCol A 74+e] 7]
A Eo) TEAAZ A&7 STRO10 A FAIHFS-S 1
q]oﬂ 7N Z7F EAE A Sl & Ao, vk £
BAE] A AZ &7 CD3A A= &4 AA
° i Ho} i%ﬂ_‘zﬂuﬁl 71N E7Fobd 2+ Z7IH EA
O Z71 XYL EelstArk (v Ex 2.

ERE Al A HI%Q 71 ES0] AT w24

Y

gl

A ZE AER Zstste] A2 71dS 435 F Um

S HAFUTh HY 7N E7) Balele] TR A ERY B
Y g AS Hol= 2L dexamethasone, asoorbic acid <} P-glycerol
phosphateS: & HHXMW Fried g ATk o A

A
©] A3h= BFDCE 29
ANz xd gz
7} YRS Hof 9]

FE AN M G Fof 2w
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<l odeocddn (0C) 9] Wd & RT-PCRS Fall A A& &= 9}
ATt

=9 AAAF L 710l BHEHE F4, 712 A5, 712
o] M 3] 3te] M GA = o] Fo| A w9, 7} TA of] w}e}
A7F T A HA dAIQ Sl A= A E S JA, A,
e, Y] 714 B o] dojutm, T Al 7
A A E = A 19 w2 (type | collagen)o] bt Al 19
WAFLE v o] A5yt dold A xe 71H ] Edirt ®
th 5 A @A <l 7] 9] A 4ol 4= ALP, Osteopontin (OP) =}
Osteonectin (ON)5-¢] =373 FA2H7F Vet ALPE Al 2
2ol Fol e AR ZFA o] Z7]dl| FH-8HA| YERd T
AASE ZHA e =7 2 ALPaningS AH&3l 7, 253} f
I A ol A ul G 14 ARl A f A o] LrERLEZ] Al AHEl oW, 21
datell = G E Fgo] SE o™ Aol AgFF FE
A A o] vhebstth B gk o] A oA Alizainred® ZHg& 94
ste] A9 714 9] A 3]5tE vty o n, Alizain red= 44
skl W 219 AHF-H L = 7] A Ak T

npR e A Q1 7] o] A 3 stel M= A A 27 EsRe T

A2 Eo]AA Ek Von Ko&a%ﬂ&i,Sulfobromophthden(BSP)
OC 59 B2 A7) o] @AM A E4 A& VERdTh
VonKossaa G4 2> 4 3] 3 Al 29 7] Z o ‘—3— CRSICA-RE 32 1

T}, BSPE 13| 3 Hl T Ak A5 = F A o), 29 A
o A%k AR ehith = BSPE A9 4ol A nudedte

hydroxyapatiteZ & A1 3}, A 18] w92 S &3] 4 3] 544 7)
= Al AT e T, OCE TR A A TH 5= &
A 2pelH, FF Z 5 A ZE8he] 215 o]t RNAE 2] 3}
RT-PCRE Aldate] fxdze] By s gelg 23, OCE
encodingst= B2 4] FAAVE HdE S st ZFA

0. O 3 ol
FEEL dee S0 AT

oISk e Aol 4] & o} AES) 719 HAFE B4 F
A EA T FHHE RS ohim, oW APl A AEH
BFDCO] A 2. 758, vasclar pericyted] A1 = 715-3he}. 1
oIl S8 B AREE WX AYZIAN 412

i

o]

2RH ALE RST 2L 25 W, 2, 2 3
Ar2A9 £ 5 907, 0|9 2452 E 2%
2ol #27 7bsAo] YO o|F HSAAUAE BF

0_1_40

(cell sorting) o} 7+o] 4 Al &= Z-H’j °l SR A= 1l
<ok upe} 7o) ojm] o7 W A

4748 9.

ZA oA 2714

E%%EﬂﬁﬂefﬁﬂﬁW? TEAYZH 5T
R HEE woplA o= @5 1 o%é 14122 AHel
o2 ALYt TFE AR O 7 AHA o 7 AL37) 95
A invivo F & e ol| A ARg-oll th &k -9} 0] Al o] A
ol e A7 2B Aolth 58 RY Y AL 7haA
9 g AYAA W Arhe WS W S A
2t =g H AEaA e Al A o oy
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