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ABSTRACT : The interaction of cell adhesive protein and polypeptide with bone marrow stromal stem cells
(BMSCs) grown in tissue engineered films and scaffolds were examined. Several proteins or polypeptide
known as cell-adhesive were coated adsorption on poly(lactide-co-glycolide) (PLGA) films and scaffolds and
adhesion and proliferation behavior of BMSC on those surfaces were compared. The protein and polypeptide
used include collagen IV, fibrinogen, laminin, gelatin, fibronectin, and poly(L-lysine). The protein and polypeptide
were adsorbed on the PLGA film surfaces with almost monolayer coverage except poly(L-lysine). BMSCs
were cultured for 1, 2, and 4 days on the protein- or polypeptide-adsorbed PLGA films and scaffolds. The
cell adhesion and proliferation behaviors were assessed by sulforhodamine B assay. It was observed that the
protein- or polypeptide-adsorbed surfaces showed better cell adhesion and proliferation than the control.

Keywords : cell adhesive biomolecules, poly(lactide-co-glycolide), bone marrow stromal stem cell, cell
interaction.
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F5he BHETIAES EAG ek Ak B4

sl BEE7AEE 71FARSE 14 AR v
3000 U s}l 33t gfo] £ FAE ARES)
o] 20~30 mLe] ol AF s 2w vl o 26y
3 Astg) o] T 50% BFE (Percoll, Sigma, Chem.
Co.,, USA) AAFu gl HHs] dsiAA HE T
o)z] kEZE slgit) o]F AAREIE 500 gollA 25
B aRYste AE3sy HES, AES, S
o7 FRslg e, nlo|ar AL o|E3td AEFH
2 Esle] wjeklo g oha] 31435te] 1000 pmellA 10
27k QAR AEAS AAstL AEE 100~
10° MZ/em’e] s=2 wioF FefTe) wiekslaich Al
o] ujjefFl-e Dulbecco's modified Fagle medium (DMEM,;
Gibco BRL, USA)°l| 10% $-el&3 (FBS; Gibco BRL)Z}
A (10 UmL YA G 2023 10 pg/ml S|
241 B; Gibco BRL)S AHE3FT) sljokd AlEE 390
g2 wjokels wAlstgom 9o A Ak

Za2in, #2274 AsE, 20034



Polymer (Korea), Vol. 27, No. 5, 2003

sheich

284 BB AAA Az 2ER 223 AAA
o) AL el e Telols FEUAR PLGA
(lactide/glcolide mole ratio; 75/25, Resomer RG 756, Boeh-
ringer Ingelheim, Germany)E 3 &AF%] 90000 g/mole
Ql A& AR, A AAY oS Ads] HE 2

A7 93P} EF (Orient Chem. Co., Korea)S AR8-8}5itt

TEAF 2 é Zﬂﬁf}ﬂ %%H, PLGA TEAE el

2 23} PET 2E Afolof] ¥ 120 T2 183 2 7}
LR EA R 100 kgr fem’ 2.2 05 #7F ghEE 7)1

o2 AReolA WZAIA 100430 pm TS BEE Al
sk
232 AAAE &) ANaw/d FEHoE o 2
o] Azttt WA, PLGAE ¥ gylg-2elo]|= (Junsie
Chem. Co, Japan)oll £-31&F & Aol <3| =7|7} A"
Qe dA ulg (PLGA : 9=1:12)2 EF3iAct &3
2 pLGASE 99 EFEE A4 15 mm % 77 5 mm
A7)e] AlE o ¥ F A (MH-50Y, CAP 50
tons, Japan)E ©]&-38Le] AF2olA 60 kgr/lom’e] FHOE
24417F 2t 7iskslkeek v FAEE EE 4
& 2Z3)7] 9JEiA Z2egollA 24X F<k ZRIAZ
°) 30 mTom, -55 C 24 48412t <t 524
staict 25 gujq) wEaFzee|=E A7
A Hx 159 F9 25 T AFPoA AxA
= A o)A Baste Aol ARg-slir
Ay ZTejgelol=e) Fi PLGA L&A TEH
AR AN ] mH Azele] Aata 4AE FAI
7] 98 A=A S]]l ekl IV (COL 1V; Sigma
Chem. Co., USA), 2| (LM; Sigma Chem. Co.), F|HE=
Je] (FN; Sigma Chem. Co)¥ Z&|Relo]l=2l E2j(L-2}
o]Aly (PLL; Sigma Chem. Co.), A2}& (GT; Sigma Chem.
Co.), FE.2 x4 (FG; Sigma Chem. Co)& F2AAA I
2} 2L NASET (Table 1), AT} E]5El]
gaatefell /] R gHle] FaEe] THE %
] AZEEEd COL IVE 510 pgmL e %8 A&
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Table 1. Protein and Polypeptide Used for Pre-coating

proteins and polypeptides source
Collagen Type IV (COLIV)  Human placenta; acid soluble
Fibrinogen (FG) Human plasma; fraction I type III
Laminin (LM) Basement membrane of emgelbreth-holm-
Swarm mouse Sarcoma
Gelatin (GT) Porcine skin; powder, type A (acid-cured

tissue)
Bovine plasma; 0.1% solution
Hydrobromide; mol wt 70,000~ 150,000

Fibronetin (FN)
Poly(L-lysine) (PLL)
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A 3A17F ok kA= gl eH, LME 10 pg/mL2] i}j
gl A 1A17F Bk WA= giok FN2- 10 pg/mLe] 5

2 36 CTolA 1A2F F<F FA8k s, PLL 0.1 pg/mL
9 Ex g ARoA] 1A7F WAFHCE GT+ 2 wivh®
308-7) )3k 5, FGE 10 pgmLe] F52 36 CollA
147 whastgiet. ARes sl Aa) glefel=s Hd o
FEo)A AEL Agslger o=z o2 37 olA
7<1-0—1 ° /\-aﬂzs]_odr/}.

DPH“*‘J% Zggelolust a1 29E 3zl
w32 7}5)7] YAl ESCA ( ESCALAB MK 11, V. G.
Scientific Co., UK)Z #4313t} ESCAE Al Ka radia-
tion source= 3} 1487 eVe} 300 WollA £43lgict A
A 18 ¥zaE DAz Fejsiele|=rt 2k 2R
4 °ﬂ ARE-=] et

TEA mHelAe] AEe] Wik WA, PLGA BF E
:501]/\1 Tl Eabol| Wl NE] Az A% AsE
sl 8wk FeaEl REVIAIES 025%
EJAEDTA £ (Gibeo BRL)2.Z WoF §7] 27 o
ojule] YAlEe]7|2 1400 pmeliM 383 PAEE sk
Aﬂ_i.i_va— Aol 1 emX1 cm® PLGA ZEol 4x10°7W/
em? A Aikste] spEsigict AEsh oEd 14 F )
ofelg sk ow 49 Bk wieksllt

PLGA A|#A|#e] ALoM= mlazAZ M2k A=
PLGA AAAE WxFo stu Z7e] iz e}
olzz ZE3 AAA (B2 5 mmxXFA 2 mm)E 48-
well Hlokg Zepazel] ggteh wjkEel R
Q27| NEE 2L oz REsiglon, ol AEE
SX10°7)/mL & Akt Zzke] 4710 FAYE AA)
Aol slEstaar 37 C AZuF1eA 8L 7E HiFsI
o} Z5ge FAEVIAEE A Sk Foll ik
g gAE FR 3gniet vika-E wA ST

A|xe] Fejet 3 B 1A LEF 2AH 0] w2
ollAl) wieksl gl RAEAIAZ] A A A
2 23 o7 /A T A sy Zselel=
o W AT o} FelE WSl WA, AE7}
okl A zoA] wiokdE AAF <AkgHEE-d (PBS;
Gibco BRL)2E 23] o] Fo} o]&EAS A7|st3irt
3 the 2.5% ZFER= S = (Sigma Chem. Co)% Al
22 14540k PLGA 53 A A A w2 dwls
g} oFd o] =2 o]gste] ABEHe AFAT FH
0]-2 ~3¥] (Emscope, Model SC500K, UK)E ©]-8-5}< 200
um FAZ FREEQT o)F FAAAER] A (Hitachi
Co., Model $-2250N, Japan)2 ©]-&3}% PLGA BE7 ~#

A EHe) PehE BAsG T PLGA BF EHA Al
T 5 FAI
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SRB {. Alze] Aaat 448 Ao dopry)
23} sulforhodamine B (SRB' Sigma Co.) < 013-3]-&1
Akl Eel AEEVIAESE A 28R A

Al B 2R 50% Eﬂaii;’:} (TCA ; Sigma
Coye WA 718 AT % 4 CollA] 1417 52 5
23] nAARHLE 74" BEZANA TCASE AA L =
FTE 53] o)AF AIHE &, 04% SRB £ 7}3l] Ak

oA 302 o)A FAsterh Aol B Fol 1% 24l
o2 53] o)Ak MAEsle] AxA)FH e, o]E 10 mM Tris
£ (pH 10.5)2.% SRBE & Hjuio] 96-well Z#0]E
] &7 microplate reader (Molecular Devices E-max, Sunny-
vale, USA)Z 490~590 nm®] #HleA FHE=E S5l
u) szl gle

AR B4, 77t ARrse Fuis) xEA
7} N1E5E g oem FAISHA 42 Swdent’s ttestSE 3
shelek gk p<00s 4 W FRE Fol9E THzTh

3. 29 d EE

PLGA L&A HEoAMe] Axe] A%, zEx 24
o] AzAAEE T st HEAY ohilAs
Yol =F FAAA Yl A T 7
HE7NEE 358k A2 A AsS dEslgich
/\]_%)__4 ,é__/,k—?rg].] 7 %] ],n-]]:z_‘_—_ zzl:f_s‘roﬂ o)
28t AlZloln dokst MER Rilste o zxz
o= AAE £ glo] B AT B3tslgin). 7hGE7)A)
B 2?% LEjH o] MESZ YAZow FEE 0]
vl E4A AZejekr] el wlekE] gl on 9o
A Aldulokstgcl. wEA oA el MlEe] %7
A2k AL FA AN Qo) vl Fg )}

PLGAE Z9]| Z-21= chalAl o)} E]slelo] == ESCA
£ o]83te] ZA3tgick ESCA AT eA gt v
7} ZYweloln Buko] Aol okl [1%~15%% 948
7 QIeh® Table 20lA 2= A3} o] thxF<l PLGA 2

Table 2. ESCA Results of the Protein- and Polypeptide-
adsorbed PLGA Film Surfaces

adsorbed protein of atomic% N% of pure
polypeptide C Q N powder”

Control 65.7 343 0 -

COL-1V 48.4 414 10.2 14.4
FG 513 40.8 7.9 11.6
LM 4.2 42.6 11.2 15.1
GT 55.4 38.6 7.6 11.5
EN 543 372 8.5 12.5
PLL 64.5 32.9 2.6 134
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Figure 1. Appearance of human BMSCs adhered on control
and protein- or polypeptide-adsorbed PLGA surfaces after 1
day culture; (A) COL IV, (B) FG, (C) LM, (D) GT, (E) FN,
and (F) PLL-coated PLGA surfaces (original magnification,
=x100).
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AE} hiee mRE Qo) BEe JHsken A

p

Figure 2. Appearance of human BMSCs proliferated on con-
trol and protein- or polypeptide- adsorbed PLGA surfaces after
2 days culture; (A) COL 1V, (B) FG, (C) LM, (D) GT, (E) FN,
and (F) PLL-coated PLGA surfaces (original magnification,
x100).
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T} 5 453 Wtk
Az 5 F1r] A FARAER S o83}
o] PLGA ZF ZHel A2 AEE ZJslglch Figure
2 PLGA ZEo Az Zofd HgE7IAE 1
24 wjjokE Az 5 Yepd Aelck FiE T
AE7|Az e 27] AEARA g 43AE 22
oA ghiAx Zelglelol=rt F21€ PLGA TF B
& Yz vzste P < 0059 S 7HA SAE &
e yelich 2AH o2 PLGA FEIA Y Al
AR A4 ASS A9Ed, GTY FN, FGE 27] 4
23} Aol BE $43kgleon] LMe A-follxe 27
Rkl sl el Aol Ao BEH) 18
B S Eelel=e iyl EHe o
F7ol v 453 3 Az AR A% AsE
vieldich
PLGA IEA x| AAA 2] AEe] AF. =453
A AAZ dg] 2ojx]E PLGAE <38 AAH A
23 AR Foll shfolAe AEY 27] HAE I
u Alghe) Age ws] 453] DojRlch o]E s}t
AeiA EejstelAel g B, €l Zeg W
Aoy Sek=ul wbAdAe, Jakgdo R AH2she
5ol ARgE e 2y 24FEE AAAS] A
G 2AE 7HAE 33 el 7R Qo] A4
Wi Ase] AlEl AEI] SsAE W 21
< Aslof gk ojAF olfR T2y WA &
glz=o} ub e A9 iR 5] AHsrlede @)
7} 3, FEkA whgel AS- AAHe] 24E Ak
1= gk olEd BAIE Asr] 43 Mikeste ollek
<2 AAEstd B2 A3 whEE o838t vkl

&N O K oo
o,

of

s o

b
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No. of Cells (X10%cm’)

Control COLIV  FG LM GT FN PLL
Protein of Polypeptide Adsorption

Figure 3. Numbers of human BMSCs adhesion and proli-
feration on control and protein- or polypeptide- adsorbed PLGA
film surfaces (P < 0.05 compared to control).
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of W2 AFse] A Solshes fEshglon
Langer~= NaOH 484 ° 2 2|34 .TL—E— ]— E_E‘i«] z]
F4E ST HGAD e A
& e ol B4 AT 5 glom mx} EED
ARsIE Aol ohl7] wge] Axe] Wate] F7eA
= o=rhs EAES ZFA) 3L ik o]ef] w)sf Tl o]
o} Zsielolme] Fake oln Ame] gy S 2
342 b opizt AT mEA Bt S
shel AES] A2k QA A7), AT cha
A ) SR JFE wlAT BasoA e

PLGA LA} A2 A|ol 48] Al2e] Azt A7 A%
& 23] 915 SRB WS o1 &3isith SRB FAlg
o1gstel WA LY ATRe] ME FHEET Ui

EETHE a7om, 7 Aol B FRES B}
o NESE ALY Figure 42 =281} ojz7o)
us) chlgol) Sejgielel=2 4% PLGA A7)
oA} AEe] RET Gago] vhS $5slglom PLGA

o

2E g} th=A coL Ive] A% 7] Haw
e AzsAE FES ARE 2ol 498 N}
tEo] 71 =& ARES Bgo) RE childoy E

YAetol =7t 2 WL dx2Ty vlwste p <
0059 32 714 AR FJA4E 7

Figure 5= PLGA A|X|Ao|A] wljeksl Z4fF-2 7=
ZIMEL] 8 sle FARARRA AR bixg
Z} LM, COL Ive] Fak% 182} z]x)Ao]ut}. AFRlo)A]
B 23 2ol dix-e] Aol Al AHzto] A9
o] £z 2] ok3k) (Figure 5(A)). ©]ol v]s) LMeo] 32}
% PLGA AAA ML B AE] Hzte] xelz g

B

gl T

Control COi_ \% FIG LM GT FN Pl'_L
Protein or Polypeptide Adsorption

T 10 .
a?:) T

3

LARS 1 1
b T

X g{C_11day i
P V2742 days T

© ] T4days

o 7

]

]
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Figure 4. Numbers of human BMSCs adhesion and proli-
feration on control and protein- or polypeptide-adsorbed PLGA
scaffolds; the cell numbers were determined by the SRB assay
(P < 0.05 compared to control).
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ow tiiEe] AAH ] vhe] AEE 7[5 9loH
Alxe] f-2o] Farstr) (Figure 5(B)). 234 COL IV
] 2= 2 2)A1 2] 3 °°1V1L MEo] AR ohe} @
]Z]o] FA= NS & "J‘ZF‘ = ]‘—‘ Figure 4
VH Aite} Zro] Mxe] el LMe] F2H A)A]
AR}y st AE2)7|Ae] Y4o] J&s|cly Alm
=} (Figure 5(C)).
Ao g iAE Eejsjelo|=Eo] F215 PLGA
A BHAA Y] F4RE E9EVINEY 2] AR
o] Z7tEHA 7o) 1= it PLGA 2} D59

Figure 5. SEM pictures of BMSCs seeded (A) control (PLGA),
(B) LM- adsorbed PLGA, and (C) COL 1V- adsorbed PLGA
scaffolds after 8 days culture (original magnification, X 100).
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