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Osteogenic Differentiation of Human Adipose-derived
Stem Cells within PLGA(Poly(D,L-lactic-co-glycolic
acid)) Scaffold in the Nude Mouse

Gyeol Yoo, M.D.", Sung Don Cho, M.D2,
Jun Hee Byeon, M.D.!, Jong Won Rhie, M.D.’

'‘Department of Plastic Surgery, College of Medicine, The
Catholic University of Korea, *Yedam Plastic Clinic

Purpose: The object of this study was to evaluate
the development of continuous osteogenic differentiation
and bone formation after the subcutaneous implantation
of the tissue-engineered bone, in vitro.

Methods: Human adipose-derived stem celis were
obtained by proteolytic digestion of liposuction aspirates.
Adipose-derived stem cells were seeded in PLGA
scaffolds after being labeled with PKH26 and cultured in
osteogenic differentiation media for 1 month. The PLGA
scaffolds with osteogenic stimulated adipose-derived
stem cells were implanted in subcutaneous layer of four
nude mice. Osteogenesis was assessed by RT-PCR for
mRNA of osteopontin and bone sialoprotein(BSP), and
immunohistochemistry for osteocalcin, and von Kossa
staining for calcification of extracellular matrix at 1 and
2 months.

Results: Implanted PLGA scaffold with adipose-
derived stem cells were well vascularized, and PLGA
scaffolds degraded and were substituted by host tissues.
The mRNA of osteopontin and BSP was detected by
RT-PCR in both osteogenic stimulation group and also
osteocalcin was detected by immunohistochemistry at
osteogenic stimulation 1 and 2 months, but no calcified
extracellular deposit in von Kossa stain was found in all
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groups.

Conclusion: /n vivo, it could also maintain the char-
acteristics of osteogenic differentiation that adipose-
derived stem cells within PLGA scaffold after stimulation
of osteogenic differentiation in vitro, but there were not
normal bone formation in subcutaneous area. Another
important factor to consider is in vivo, heterologous envi-
ronment would have negative effect on bone formation

as.[p1]
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w2 7] A & (adipose-derived stem cells)= <, g o}
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Alkermes, Cincinnati, OH)Z A}&3lgtt 2Ex 79 =
718 243st7] $3l9] Methyl chloroforme] PLGAE =
Q] gdlof] 200-300pm =7]9] sodium bicarbonate A}
g Aol dEl& B 291, F478x AT F, 50% €=
ZollM LIXAMA 79 =Z7)7F 200-300 pmo] 32, 27 10
mm, o] 2mme] A Feh= AN AZHAG. 2
F5EE 5ol AAAE AE317] Y3 30£7t ethanol ]

2 5, phosphate buffered saline(PBS)&%-& 147t &
<} 39 o}, Al L ol 3A17 Eeh 24 PBS
solutiong Zo}Fo] AAA W 9] ethanolS A A3t Tt

2) HYQIH T DMES| S HjQkoH

a. gt A XujkA (complete media)e Dulbecco’s
modified Eagle’s medium(DMEM; Gibco/BRL, Grand
Island, NY)ol| 10% $-ejjo} & (fetal bovine serum (FBS;
Gibco/BRL))# #AA 9} AT A & (antibiotic/anti-
wE3.

b. FA4E3 = | YN (osteogenic differentiation
media)= Lut Al Eujekode] 0.1 uM dexamethasone, 50
UM ascorbate-2-phosphate, 10 mM f-glycerophosphate&
gol wETh

mycotic solution, 1X)& ¥

3 dels=
TEL A4S 658 AF ¢ 17gY F& vl-$-2(Biogm
Co., Seoul, Korea)e] <718 4ulz] AlL-3}40).
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a. t2F(gur A2l F): AlEH W(in vitro)ol A
RE7r Dyt A Zuj okl (complete media)o.2  wjekst
PLGA A AA o] FHAZ) ARE7IHEE FE vpg-20|
ol4ste] /1€ F 2709 Ft AMSE
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CESRET AEE oA 114 S48 uidy
(osteogenic differentiation media) 2 2 W} ¢3F PLGA ] =]

Aol BZAZ AREINHEE FE vf-920f o]2]3514 1
AL 0 2AY B 8T T

s 5o 9o FYE Ao 0.05% type
[ collagenase(Slgma) 3 v F7)(37C /5% CO)oll A &
3} tt. DMEM3} 10% fetal bovine serum-g 4] 48k
22 Z5A the, 50mle] Fro] W1 4% (1,000
rpm, 5 min)E A5l E7|HAEE FH3FY o 100 um
T3 UdE 22902 AE tg o5 gt AMEu %
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do] &2 wjF 71l BF8ka 37T/5% CO, 271 3ol
A vttt A27 ddFE @8] o]F W trypsin-
EDTA (Gibco/BRL) 2 ;qa]s}oq Qe AzE Azl
%, A 249 Al (subculture)dho] Z83F o] A2
g U

b. AME7|ME 9] HEA|(labeling)

A7 A £ ERXE ¢s)A PKH26 fluorescent cell
linker kit(Sigma)"'g o]&atQth. WA trypsin-EDTAZ
A sted Bre) AEZ BYAD F, YAgle e
2 AFstn 9422 (1,000 rpm, 5 min)3te] @ A E
£ F3A89t. 39 A XE Diluent C 1mldl] F-FA]7)
2, 71E W] PKH26 94 891 1mig H7}ake] AL
Al 583 WA £, 2mile] 8ol ¥ HY(fetal bovine serum)
S F/b53 187 9@ o e 4miE #7199
1%, AZE APEYtn FHYE wFeloz 34
A& st

c. PLGA AAA U Ax B2& 2 F é%i} =

AWEINAE 4 X 107)/ml 5] AE 24 S8 100

15 AAA Aol dojz=d F 7| (37TC, 5% COy)lAM
2/\1{? ¢ FAAA AEZE AAA W2 Eo7tA &
HA ¢ o duk AEegd S ¥ 147 v &, ol
Z718 e gyt Axujgdon, A¥re FLe F
AEs fo g oz T/HET widEdn). Wl 3
drje} A 3H T

d A o4 R F2 A3

TE ah¢AE ketamin(125 mg/Kg) o2 B2} ] A}
st} ol F E49E nAst W RE YFLE &%
=R

g & ujFo] 47HE AT 272 ARk g
& (panniculus carnosus) o] AER)7L EojF &
AERSIC DUESONPE S DR D
Z7|NEE 717 PLGA AR A} 83} G5 okl o
2 ujFE A7\ EE 718 PLGA XA A2 22} 270
A Z 4 E o]4 o}—r A4S Btk A48 14, 270
Ao zkz} 2ute] o] wh-2E AFAIAA FEL A3}
Ao

O
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3) HA} gt
a. 23 dvd a2
A TS Z2F Bo ¥, 52 13 (Sakura,
Torrance, CA)oll B0] Z4 Ax=z ¥ 02 1A 5
P A S, 20T oAA A, Sum FA 2] HHS slide
o B&sAd. FHFFE ol83ld 54 1ZNE AAF
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# 2 F:PLGA AAA W AgEridEe] 4 23

B3 &, Fx3 & H(confocal microscope, MRC
1024, Bio-Rad Laboratories Inc., Hertfordshire, UK)&
o]-g-3to] PKH260.2 R X% AXE #3359

b. Bz Hat

A# % EES 10% neutral-buffered formalindl] 3143}
3, s 2ojd &, Sum 2AEAE AU MEE
o 37 22 AL H7] 91549 Hematoxylin and
eosing A& A3, FH3Y] HF GAA A 7]
Ao X33 E #2lstr] YA von Kossa G4-& A3}
Aok von Kossagd whye gulatyd & 548k, 5%
silver nitrate>8-<4o)] 308 7F HHL A7) & Z2ESLF 33
FASIL FRE WA HAgAe] 20873 =&A7 1
Ur SH552 FAE 5% sodium thiosulfate &4 4] 10
B A&A)7)3, nuclear fast red-&d ol 587 )= A
HAEL FRFE FASL ¢RSE 59 O B
Atk SE setol=e B3 WA S AMESA B
@3t

mlo

S CECEEE P!

5u1n—4 B AW S slided] B4 xyleneol A &ul2}
T g L2ENA FF AFE AR F ARG 2
Z ) o) EA3= WA peroxidaseZA-g Z0]7] §)
8] 3% hydrogen peroxideol|A] 1587} ¥FS-A| AT} H|Eo]
Q1 A< 10% horse serum 2 x}eh3} h Osteocalcin
9] gxat A<l rabbit anti-osteoclacin(Chemicon Interna-
tional, Inc., Temecula, CA)S 7}7 10% horse serum U} o]
A 1A)1ZE Fot vjekslduh. PBSE 387t 23] A e
biotin®. 2 ¥ A& o]z} A biotinilated goat anti-rabbit
Ig G(Biosource International, Inc., Camarillo, CA)E 4
2ol A 30E3F WS AIZ T o]t A W AE MF &
peroxidase$} avidinZdA4] &9 (ExtrAvidin-peroxidase
(Sigma)) 0.2 2204 30E7E g3 A|H T} PBSE A|H &
3,3-diaminobenzidine tetra hydrochloride(DAB peroxidase
substrate, Sigma)® $343}% 1, Mayer's hematoxylin®.
= d2EAE stk d4E sElolee FEAn AL

Table I. Name and Nucleotid Sequence of the Primers
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Agate] R,

d. Reverse transcriptione-polymerase chain reaction
(RT-PCR)
=4 E YeElE A
osteopontin®] ¥ {FEZ go]
SErLE
BEES B F TriZol&9(InvitrogenTV, Carlsbad,
CA)& ol&3to] RNAE 3¢ F, MMLV-9 A a4
(InvitrogenTM)g— AF-8-381o ohgo dT primed cDNAE +
Hadth T 54 93 ¥-8-& OLIGO Primer Analysis
Software§ AH8-3te] -3 255 Asle Ao
o, Ao AHE {F3HA Fo] AldAE Table 17 2t}

<] bone sialoprotein(BSP)¥}
317] 93] RT-PCRE A

. !l:hfﬂi . zj. L :

7t. Confocal microscope A

ZE oM B 3408 wEgE HErF PLGA
AAA WA FEEAOH o] AWE A E7} YA
o] /g, 27§4E Fl= Q&S AArHFig. 1).

Lt He|xXsE 4An

1) H&E M

EE TolA PLGA AA A QMZo2 Ak S0i7t A4
o] #EH o[ 4A 7t HEE £AE BYoH, Y=
T 2 BIHET BF IMETFRT 24T 99 &
v 7 o ¢(visual field) V] PLGAY} x}A]ste BEo] 74
3t] PLGAVF 55 € $3S Bk a8y 24 & bl
= AAAY &5 Aol o] 9] T Aol Holx gt}
(Fig. 2).

2) von Kossa SAH

dzed 2a=d 1Y 2 27499 HEAA
AR T FLeAe d-o] AAFHA o}, BE T
oA AEe 71A9 N33 A2 dAHR ¢kriFig.
3). .

Primer Sequence Base pairs
BSP sense TCAGCATTTTGGGAATGGCC 657
BSP antisense GAGGTTGTTGTCTTCGAGGT

Osteopontin sense CCAAGTAAGTCCAACGAAAG 400
Osteopontin antisense GGTGATGTCCTCGTCTGTA

B-actin sense GCCCCTCCATCGTCCACCGC 493
B-actin antisense GGGCACGAAGGCTCATCATT
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Fig. 1. Confocal microscopic findings of PLGA scaffold with adipose-derived stem cells which were implanted in the nude

mouse for (Left) 1 month and (Right) 2 month. Implanted adipose- derived stem cells in PLGA scaffold which were stained
with PKH 26 were observed as red flourescent color.

Fig. 2. Histologic findings of PLGA scaffold with adipose-derived stem cells which were implanted in the nude mouse(H &
S, x 200). Blood vessels (arrows) were seen in PLGA scaffold of control group((Above, left) 1 month group and(Above, right)
2 month group) and osteogenic stimulation group ((Below, left) 1 month group and (Below, right) 2 month group). No difference
among groups was seen except finding of more absorption of PLGA in (Right) 2 month groups than that of (Left) 1 month
groups.

Ch. HAYxX355 AA 2 HHHEE WA HS o] &3ty A A3
FA R3] B 2AR osteoclacing 74 A E7E 2o fzrde gaoz ddEes NEs TAHA Eok
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Fig. 3. Histologic findings of PLGA scaffold with adipose-derived stem cells which were implanted in the nude mouse (von Kossa
stain, X 200). There was no evidence of osteocalcification in control group of (Above, left) 1 month, (Above, right) 2 month and
osteogenic stimulation group of (Below, left) 1 month and of (Below, right) 2 month.

o 28y BEf=ToMe 1AL AR AEdo)
e vioke ZHes JAHE AEE 2 & AT, 2
LAdIAE AEA] FaoT QUEE HTF0| iy
o2 EA3HFig. 4).

2t. BSP% osteopontin®| W&

HETdA e Y, 2789 3] H7]95 4] BSP(657
bp)<} osteopontin(347 bp)e] W=7} Rolx] & whd, B
=Tl A= BSP(657 bp)9}t osteopontin(347 bp)e]
=7t Uld 9 20Y BEAM 25 wd = Fig. 5).

#HZE9] Zuk 53 Huang 59 23] Awz3dx Z,

AZ, 25, A 502 B} sM5d 2720 g
£ Aol gefed,™ AENAEE 7|29 24 U9
g 1M E we] 2 7 FFo) raEty, B

[

4
1898 A7 @710, 5 Hig) o B2 E74EE 7}

Az Y3’ AWFe § AA FES Y7) B w
HHog B 9 AFHI 7hsE, wof 271427 7}
Ax e &H8U £A7F dve Aol Aok

L& o83l FxHos 37w AT
7t 3] o] FolA =, F= AIFH HellM e 23
AAA W FE FALR o] FolA Ko 2B 9
Ao 2HEL 33 Y2 vehr] d &, AzEE
zAo|N 229 Z/NE2RY BN 224L Q4
o H4a7) YeME 2RLY RYo2 227} b5
3AY AAA M F2HoRY £ ARE HHe
Aol Wasith.

3244 AAAZ= poly(D,L-lactic-co-glycolic acid)
(PLGA)E vl%3}4, polylactic acid(PLA), polyglycolic
acid(PGA), chitosan 5-°] 3l&d], °|& AA A= &4
TZE A 7bedte] ol 1415*‘(ingrowth) g+ %l
a, YA Aol FoH, & £ B g F
7} 7bsdtal, AR BaAol Foke Aol Stk

olg ¥ ol AAAZt AURAZHAAN KA E7]
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Fig. 4. Immunohistochemistric findings for osteoclacin of PLGA scaffold with adipose- derived stem cells which were implanted
in the nude mouse (x 200). There were no stained cells in PLGA scaffold of control group ((Above, left) 1 month and (Above,
right) 2 month). A little cells were slightly stained (arrows) in osteogenic stimulation group of (Below, left) 1 month, whereas many
cells were stained (arrows) in osteogenic stimulation group of (Below, right) 2 month.

1 month 2month

<+ B-actin
493bp

<« Osteopontin
347bp

SN < bone sialoprotein

657bp
+ + ¢ 4
Control Osteogenic Control Osteogenic
Stimulation stimulation
group group

Fig. 5. Results of RT-PCR analysis for mRNA of BSP and
osteopontin of adipose-derived stem cells with PLGA scaffold
which were implanted in the nude mouse for 1 month and 2
month. Expression of mRNA of BSP and osteopontin were noted
in osteogenic stimulation groups of 1 month and 2 month, but
expression were not in control groups.
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Osteocalcin® T A&
FoMA| T AT BEHlEE 7] F34 AEEZ, bone
sialoprotein®} 7 FAHE3le] EolH EAAUH,
Lee 52 AWE7IHMEE PGAY o3l ZHRFE
Aol FAEd ZAHsIA o|AEte WHEASE HALE
AAE A 47 e SAoU oY, 8FdME EART
T A] osteocalcine] FF o2 LAFHYThT Y’ &
AFANME BEIFES A ¥ dErdis A &
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