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High-density micromass culture was needed to take
three dimensions culture with ASCs(adipose derived
stromal cells) and chondrogenesis. However, the synthe-
tic polymer has hydrophobic character and low affinity to
cells and other biomolecules. Therefore, the surface
modification without changes of physical and chemical
properties is necessary for more suitable condition to
cells and biomolecules. This study was performed to
investigate the effect of surface modification of poly
(lactic-co-glycolic acid)(PLGA) scaffold by plasma treat-
ment (P(+)) on the adhesion, proliferation and chondro-
genesis of ASCs, and not plasma treatment (P(-)). ASCs
were isolated from human subcutaneous adipose tissue
obtained by lipectomy and liposuction. At 1 hour 30
minutes and 3days after cell seeding onto the P(-) group
and the P(+) group, total DNA amount of attached and
proliferated ASCs markedly increased in the P(+) group
(p<0.05). The changes of the actin under confocal
microscope were done for evaluation of cellular affinity,
at 1 hour 30 minutes, the shape of the cells was spheri-
cal form in all group. At 3rd day, the shape of the cells
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was fiber network form and finely arranged in P(+) group
rather than in P(-) group. RT-PCR analysis of cartilage-
specific type Il collagen and link protein were expressed
in 1, 2 weeks of induction. Amount of Glycoaminoglycan
(GAG) markedly increased in P(+) group(p<0.05). In a
week, extracellular matrix was not observed in the Alcian
blue and Safranin O staining. However in 2 weeks, it
was observed that sulfated proteoglycan increased in
P(+) group rather than in P(-) group.

In conclusion, we recognized that plasma treatment
of PLGA scaffold could increase the hydrophilic property
of cells, and provide suitable environment for high-den-
sity micromass culture to chondrogenesis
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Avge] Aol A @ A FAE-FIATA 2
2hH phosphate buffer saline(PBS; Sigma, St. Louis, MO) 2.
2 A F olF A 27hhd 27te g @ Atz
2 0.03% collagenase(Sigma)9} &7 37CollA 127+ =&
3%, DMEM-hg(Dulbecco’s Modified Eagle’s Media high
glucose)oll 10% fetal bovine serum(Gibco, Gaithersberg,
MD), 100 units/ml penicillin®} 100 units/ml streptomy-
cinol T3 graujAloR FAWMSS A7l T,
1000 rpm(200 g) 2.2 1047t A4lE sl AFo ®
AR LSS Wl sHEe) A AL Y A
T HAAES 2SI &k A

x
33, 37°C/5% COp M7lolN Aoz wokeh,

2) Ct54 PLGA AmX| M=

Ao AlEEH 2HA= 85:15 PLGAMW : 120000-
140000, Medisorb, Alkermes, USA) 35 Al&3t9 2
o, 2~# A 9] £ =7]= methyl chloroformol] =9 PLGA
Fg-Hel} 200-300 ym 719} sodium bicarbonate ¢JA}LE
o] A& Sl #3l3 T4 ARAZ F, 50% &F-&o
A EZAIA R A7]7F 200 - 300 gmo] 2, A7 4 mm 0]
2mme] ARFH ] 2AXZE Tk
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A#8 T34 PLGA 2849 Fezv) A2l Radio
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Frequency(RF) glow discharge apparatus(model PD-2,
Samco. Ltd, Kyoto. Japan)E A}8-3}4t}k. RF plasma
apparatus 2= @ Fol 27019 2H A 2 AT
o7 FAEo] glon, FR whdde ¢ 13.6 MHzY
radiofrequency generatord]] G2 E 0] 9lojA] YA S A7
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Al 38t fel# JE acrylic acid(AA) monomer gas
50 scem S 2 FYste] 59l 2tgo] 0.2 torr®2 §X| 5
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AlA, PLGA W] acrylic acid7} $2=A 490t
A AlZ% acrylic acid grafted PLGA 2H A& &
oA Atadtel] A7IAHAE WEAA, poly(acrylic
acid) grafted PLGA 2#A A& %3t}
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) ZHEMIZS| PLGA AHX|LY AX|2IHHQE

FE FrEE wola AXAE 25317 Y3 AAA
Z 70% alcoholdl] 347t A3 5, PBSZ 2084 33}
A A& 25 x 107/mle) ZFEAHE 30 17,5 x 100
PLGA ~%HRA)d) BF3}1, 37C/5% CO, vl7]o A 14]
7308 BY ALE 24T 7, g ez AAFA
o). 39 H, dFRIARE wjgdo g wAstga, wo

& 39sith A sk

74 v dd2 DMEM-hgel] 10% fetal bovine serum,
100 units/ml penicillin®} 100 units/ml streptomycin® 2
TSR, AEEIE FH 2 7+ wjgAe] 1 x ITS
supplement(Gibco), 37.5 ug/m{ ascorbate 2-phosphate
(Sigma), 100 nm dexamethasone(Sigma)®} 10 yg/mé hTGF-
B1(Roche, Mannheim, Germany) 2.2 FAI&4 )
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A3tk F3o] ¢he M EE PBSE A Hste A
A%t &, ~H A ZE phosphate saline buffer(0.05M NaPO,,
20M NaCl, 2mM EDTA, pH 74)q ¥z ®7]
(homogenize, SDT 1080, Tekmer, Germany)2 3},
ZLa= IL]—:\‘H(Ult‘rasonic Dismembrator, Branson, USA)
ST B FRL 4TAA 1A PR3] RHBL
Jheeksl 1, 4 % 2 Hoechst dye solution(0.1 pg/mf)=}

Hqe 7, ﬂuoremeter(Spectroﬂuorometer, Kontron instru-
ments, Switzerland)E ©]4-3}¢] excitation 365 nm, emis-
sion 458 nmolA dFFL =AYt TFIAHL calf
thymus DNAE ©] &3} DNAY <& #itsta #a 2

%S BlustAt.

b. PLGA 2% | F-&4€ 7HaAxe e w3

AZARAA Yol F23td HAATY Feetsy W s
BAE7] J3ld, AT E BEF313 154707 39 T 4
PLGA 2~3HX& PBSZ 3x}d A3l 1mm FAHAE 2
2 %, 01% triton X-1002} 4% ParaformadehydeZ 1173
3lo] Phalloidin-TRITC(Sigma)9} DAPI(Sigma)Z 2} A%
9] Actini} &8 A3t} Confocal Microscopy(MRC
1024, Bio-Rad, USA)Z o] &5te] Al AW acting 73
st ety HalE Yolr Yttt

2 23t

a. QAL 23 E A AHNES-(reverse transcriptase poly-

merase chain reaction)

A EF2ES TRIZOL A2HGibeo)2 o] g8 RNAZ
FL HYslgen, UV  spectrophotometer(Ultrospec
3000, Pharmacia Biotech, Cambridge, England)& o]-8-3}
o] 260 nm / 280 nmA| X FFE 2] BIE 73] RNAS]
=& #A33l3, A719F 22 RNAY 33 {75 §<ls}
g} 22]¥d RNAZRE DNA® 348 First Strand
cDNA Synthesis Kit(Life Technologies, Grand Island,
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NY)Z o]&3tdrh SHEA Aikg-2 link protein, col-
lagen type 1l, 28] W& tlZ2Z §2A B-acting] &
AR #E L A3k} Oligonucleotide primer+ Table
Iz} 231, OLIGO Primer Analysis SoftwareE ©}-4-3}¢f
HAg LA Adsh

b. Alcian Blue &2}

AZ7)de FAEAQ sulfated proteoglycang acidic
pHell A} Alcian blue staining©. 2 913} t} A EZF2E
£ 4% paraform aldehydeo| A 1417t 1383, 5m FA
2 HAAS 9EY EHE 0N hydrochloride(pH 1)¢l A
W-8-A17] 5, 1% Alcian blue 8GX(Sigma)Z 12A|3%
A%tk 0.IN hydrochloride2 ¥ ¥ SA|5}a, vl Z 4
A8 nuclear fast red(Sigma)Z 5% A4 F EFso)h
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c. Safranin Og 4}

et 2ojste 05 me] AHS =51, Weigert's iron
hematoxylin® 2 5% M3}, acid alcoholZ <A
g, 228 B4 4. 0.02% fast green FCFZ 3%
a1, 1% acetic acid® 30% <t FAl8ta, 0.1%
Safranin OZ 5% g4 & Hl3lt) t]x g JAL Zeiss
Axioskop 1l microscope(Carl Zeiss, Munich, Germany)$}
spot software(Diagnostic Instruments, Sterling Heights,
M)z B4algld.

d. Dimethylmethylene blueE ©]-&
(CAG)Y &A

AA GAG% papain digestion®} dimethylmethylene

blue dyeE o] &3ttt METZE2 125 mg/ml papain

type lI(Sigma)2 &3}, 60CollA 24A17t 5 B

t}. Dimethylmethylene blue stock solution(dimethyl-

3 Glycosaminoglycan

methylene blue, sodium chloride, glycine, 0.1 M hydro-
chloride)?} 43 15% Fo] E3F=AZ 525 nmoA &

Table 1. Oligonucleotide Primers for Reverse Transcription Polymerase Chain Reaction and Expected Product Sizes

Gene Primer

Froduct Size(base pairs)

F CCTATGATGAAGGCGGTGC
R GGTAACTTGCATGAGTTC

Link protein

F CTGCTCGTCGCCTCTGTCCIT
R AAGGGTCCCAGGTTCTCCATC

F GCCCCTCCATCGTCCACCGC
R GGGCACGAAGGCTCATT

Collagen type II

B -Actin

342

TIA, 432; TIB, 2257

493

Accession numbers were obtained from the National Institutes of Health GenBank databank.
T, Collagen type IIA splice variant, prechondrocytes and mesenchymal chondrocytic precursors; collagen type IIB splice variant,

mature chondrocytes.
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E23 5 :PLGA A AA 9 Zeb=ul a9}

F5E 233} Chondroitin-6-sulfate(Sigma)E EF =
deg o]&ste GAGY ¥E st
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2 Ay A9E 4L 482 e YRS ZEY
EABE A, 74 & 23 Hth SAA F949E gst

7] 93}, SPSS for windows & 13 9] Student’s t test
£ AMESIE e, FoFEL 5%E st

Jh ZENE 28 ¥ ZUEE 5
MRS BRI 159N 39 9 38T 2 AL
HelshA ge PLGA

£ DNAZA X Eetznts
lelxﬂ o f %hﬂ P()Z& Z47t 4.5 + 047 pg/scaffold,
6.56 + 0.24 yg/scaffoldo]) 31, Ze}=v}lE X a8 PLGA |
AA ] g P(+)re Zb7} 7.51 + 0.63 pg/scaffold,
10.94 + 0.82 yg/scaffold 2.2 P(+)io] BAH o2 F2J3}
A 2o oko] DNAZ} PLGA AR Ao] EAetad, Be
Fo] HANZIL BAHT, FAHE AL ¥ 5 UAATHp
<0.05)(Fig. 1).
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Fig. 1. The DNA amount of three-dimensional cultured
adipose-derived stromal cells in PLGA scaffold without plasma
treatment, Plasma (-) and with plasma treatment, Plasma (+) for
surface modification. Adipose-derived stromal cells were
maintained in control medium under PLGA scaffold for 1 hour
30 minutes and 3 days, respectively. Each value represents the
mean of triplication. Data presented are mean +SD(error bar).
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Fig. 2. Representative confocal laser microscopic images(origi-
nal magnification, X 400) of adipose derived stromal cells in
PLGA scaffold without or with plasma treatment for surface
modification. Adipose-derived stromal cells were maintained in
control medium. (Above, left) Plasma non-treatment group
cultured for 1 hour 30 minutes. (Above, right) Plasma treatment
group cultured for 1 hour 30 minutes. (Below, left) Plasma non-
treatment group cultured for 3 days. (Below, left) Plasma treat-
ment group cultured for 3 days. The actin, which was stained
red with Phalloidin-TRITC, was not found in 3 dimensional
structure for 1 hour 30 minutes. The shape of the cells was
spreaded and the number of cell was markedly increased
compared to plasma treatment group after 3 days. The actin of
cytoplasm was constructed in 3 dimensional shape with finely
arranged form.

Z 39 %o} Phalloidin-TRITCZ HAE o] £ Ho
AEZ WY actinF e 7} P()Zeld AeH A2
o] 4o old HAYE FeNE FFAHAG P(+H)7
o g2 o A2 32D AEE 9 actin®:
i3 24 fiber network He| 2 A EE Jof FA3}A
3284 Fz22 wadEHY deS ¢ F UATHFg 2).

mr?a

oo M orr de
o3

Ct. Hematoxylin & eosin 44

AZEIHE 1Fde dF 2o BFHA ggkon,
ol BlE) P+l o 2 9 AEs BREHRA
ﬂ%%i}%_‘i 259 ME7|E JAAE] F7HE 42
] 4%51‘”0‘11, PHZolA B e dF
SAth(Fig. 3).
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Fig. 3. Hematoxylin and eosin staining(Xx 100). Adipose
derived stromal cells were cultured in PLGA scaffold without or
with plasma treatment for surface modification. (Above, left)
Plasma non-treatment group cultured for 1 week. (Above, right)
Plasma treatment group cultured for 1 week. (Below, left) Plasma
non-treatment group cultured for 2 weeks. (Below, left) Plasma
treatment group cultured for 2 weeks.

— +

Fig. 4. Alcian blue staining(x 100) and Safranin O staining( <
100). Adipose derived stromal cells were cultured with
chondrogenic medium for 2 weeks in PLGA scaffold without or
with plasma treatment for surface modification. Sulfated proteo-
glycans shows green color with Alcian blue staining at pH 1 and
red color with Safranin O staining. (Above, left) Plasma non-
treatment group stained with Alcian blue staining. (Above,
right) Plasma treatment group stained with Alcian blue staining,
(Below, left) Plasma non-treatment group stained with Safranin
O staining. (Below, left) Plasma treatment group stained with
Safranin O staining.

E #EYA gou, 230 & PH)Fel Hls) P(+)TolA sul-
fated proteoglycane] F7}3t AS & & SIAtKFig. 4,
Above). Safranin O @4 A& sulfated proteoglycan<- &
Loz dMsla Bsle AL E P(+)TlA sulfated
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Fig. 5. Total glycosaminoglycan content in PLGA cell con-
structs. Adipose derived stromal cells were induced in chondro-
genic medium for 1 and 2 weeks in PLGA scaffold without
plasma treatment, Plasma(-) and with plasma treatment, Plasma
(+) for surface modification. Each value represents the mean of
triplication. Data presented are mean SD(error bar). *; p<0.05,
compared with Plasma(-)

-1 +1 -2 +2 culture period (weeks)

link protein

collagen type II: IB

B-actin

Fig. 6. Reverse transcriptase polymerase chain reaction(RT-
PCR) analysis shows the expression of cartilage-specific collagen
type 1l and link protein. Adipose derived stromal cells were in-
duced in chondrogenic medium for 1 and 2 weeks in PLGA
scaffold without or with plasma treatment. -1, plasma non- treat-
ment group cultured for 1 week; +1, plasma treatment group
cultured for 1 week; -2, plasma non-treatment group cultured
for 2 weeks; +2, plasma treatment group cultured for 2 weeks.

proteoglycano] F71gF AL & JeRthFig. 4, Below).
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Yang 5'& %E}Z“} He & olnds FHAA MEZ
FYe 29 7 IS B FAaL, k= Ay 79
WA 7 AR Iﬂ"ﬂ"i AAA 3ol By AZolR
olg]gt XW syt MERFEY Frtek NETL F4
dhe T HAHA AZAAANE FAHEH 2ao] €
gx Basch

AAEL AW HAMTE PLGA 2WX] BFE&a
15A1ZE (B34 2A)9 3 F(FAA SH)ol HAF
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L 83E ATITe A & F AU o) tF &
© oln] MAE] E7] AF AZug AP AFTH
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