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=5 2oEsld SF0OBD)2 AlelE7Ilz e tjoks AR Sdeats 747 wige] F2FaRoklN o
g AMEE BAAEe Ik B el DBPE 3 2397 DBP/PLGA REo| it~z Alxe] 74,
2] 4 B/ GAof vl Qako] vl 7815t DBP ekl uhE DBP/PLGA BEL fvizihios A=z
3l om Al=H PLGA 4 DBP/PLGA &2 AMxFARINZS B8 B9 $49819rk PLGA #8-2& wllele
EAE 7B, DBPY o] $7184=% DBP/PLGA EE9 FH& AdTr) S7lshs AS #ERleilth AG&
(AF) 2 3 (NP)AZE PLGA % DBP/PLGA A& mHle] m&3slo] wijekst & M2 A4 9 SEM 822 %
8lo] o) 52 Habw) Z=2le Hrksldt). A Al SEM w2 A3} DBP] ¥kl 10 9 20%%! DBP/PLGA 2
FollAl H& AR 9 SHES Mt AX A 3 slEoR RT-PCRE Bslo] DBP 10%$ 20%4)
DBP/PLGA HgollAe] tAz Alxe] Sold izt wege) Zw), DBP2| ¥l 20%<) DBP/PLGA HEolA]
AEe] sEHFo] A= A&Ael Axely|de] wald Foz oals it wha Adek HAAzS] Fke] A
3O AT FAlo| o] S Hgsir ol 2438 tiag AL 7x AEE AME ZoR AsEL

1O T

Abstract : Because demineralized bone particle (DBP) contains various bioactive molecules such as
cytokines, it is widely used biomaterials in the field of tissue engineering. In this study, we investigated the
effect of 2—dimensional DBP/PLGA hybrid films on adhesion, proliferation and phenotype maintenance of
intervertebral disc cells. PLGA films incorporated with different amount (0, 10, 20, 40 and 80 wt%) of
DBP were prepared by the solvent evaporation method and characterized by scanning election micro—
scopy (SEM). PLGA film has a flat and smooth surface. According to the increase of content of DBP, the
surface of DBP/PLGA film exhibited few agglomerates and increased the roughness of the surface. Annulus
fibrosus (AF) and nucleus pulposus (NP) cells were cultured on PLGA and DBP/PLGA film surface, and
then examined the cell adhesion and proliferation by the cell count and SEM observation. The result of
cell count and SEM observation revealed that 10 and 20% DBP in DBP/PLGA films were superior to
adhesion and proliferation of both AF and NP cells. We confirmed that specific gene expression of disc
cells on DBP/PLGA film based on the cell count result. Disc cells seeded on 20% DBP/PLGA film
expressed the gene of type I and II collagen continuously. Therefore, pertinent content of biomaterials
could provide more appropriate condition on adhesion and proliferation of cell. And this results may be
used as a basic data for the intervertebral disc regeneration using tissue engineering.

Keywords : PLGA, hybrid film, demineralized bone particle, annulus fibrosus, nucleus pulposus.
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Aol A= 3 ek

FA 58 Tobel| oir] AlE, HJA| 28] Aol EFR] B AE
g A Wi F2% aaol, AlXe gel AsAgo g ols)
AAsla SRS A7 1HECM) & Blsh] wite] gAls Az
B Az o) Adlo] v Feskt” AR TusleRe sEhkg,
At A2 d AT A& Almeh AES] ATAES T
Ak, AsEe] Bl F4 olF W HHFL 4T 5 A e
olg]gh o2& upgko 8 ¥ AFA/NFM 9] EX4o] A9 K3}
of] Q3 F= AL Y]] Aok

Z49] APdel] et ) a—52PD AL ARV RS
W de] AMgElE ARl 53] et gejdelt 3%
FA(PLGA) = A= A v)&e] 242 Pal7Ikbe dshe
2 248 5 Q3 vl S8 AT miRe) Y] Ak
A AlF e R a4l FHg 7 de® U8 PLGAE
A2 271537} ) wtiel|, ofeh& Ael, Zdohd 247 A=,
eRI=e] w43, i g Fek 2y vl 2 ofg] s
o] §3]0] AL AL Fojsh= APo] WPz Yok

B A7Ee old delx] AAEA g gujvigsld &
5 (DBP) £ o431 PLGAS) 13 3 Aeldng Rolsias st
gom 2 W 3adA9l clekst Fdl(2, 3—demension) 2] A)A| Aol
A AL 9 AR Az BA B ATS TSI wey
B dgoirs 428 YoM 2 Al Aol E 71 254 E
7HA= 22194 PLGA 182 382 DBPR= AGAEE o183
A543 BHo® MAsd 1 BFo] glod, Suizbis B3
PLGA % DBP/PLGA 3lelHEIT HE& AFsio] Fejujokd 5
sz e A3 S, 188 fA44) H3e) DBP S
AAlstazt sksick

4 ¥

Alef 2 di2. BS99 A8S PLGAEREPRIE  29ZplE &
B, 75 : 25, Resomer® RG 756, Boehringer Ingelheim Chem.
Co. Ltd., Germany) = B7H82150] 50000 g/mole?) Z& AME-
slnh SEARE E3A)7)7) s Sl dgdZ2ee]=(MC,
Tedia Co. Inc., USA) & ARE315 o, MC 2 o€} {7)8vlk=
HPLC &+ olde] Zi& AMg3ISich 49 ciElf25 353 DBP
= Urist 9 oldle] dysl SUs Agow Fejsgion?? o)z
7 B271(6700, SPEX Inc,, USA)E ©}430] ¢ 180 pm oI5t
9] 7719+ HHIE Itk

PLGA, DPB/PLGA ZES| HIZ X SMEAM. $ul3dS o1%
#19] PLGA 3 DBPE 3%t PLGA Slo|Re)S B8 Az59
ox o]59) AXEAEE Figure 1o} AAEATE 0.3 g9
PLGAE 6 mL2) MCel 5 w~h%e] 552 4315t 5, PLGA &
#2] 10, 20, 40 2 80 wto%ell sldsh= 0.03, 0.06, 0.12, 0.24 ¢
©] DBPE F7lele] 1% iFTh 4719 Badgdls A70] 5
mmg) FEPEA E2stn K f7189E AASE] S8l gl
A 2~39 sk 4719 Wiez A3 PLGA % DBP/
PLGA #E2] 29 geE FARIREY)A (bio—SEM, SN-3000,
Hitachi, Japan) 0% #&35h BEE AEZE 5X5 mme) 2

EoiM, #3238 A2z, 20089
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Figure 1. Schematic diagram of the fabrication process of DBP/
PLGA hybrid films by solvent evaporation method.
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ZR .o gusle] PRSE A AT A F 288 AAI
Lylol=2 AF 243 NP 228& 2957 ¥EF ZANHA 2
z} 2|5t ¥ PBSE thA AlA3k, 0.1 wt%es] S2AVA A%
(Roche, USA) &9o)) 81 52t H2]aiqic). z2lo] ¥l &8
ANEYET 100 pme) JAE W22 AS 3, 25 cm® ZekAA
of| Zdjolg 3l%irth Zellold Al Dulbecco’s modified eagle medium
(DMEM, Gibco) # F~12 nutrient mixture (Ham’s F—12, Gibco)
Hjekatel] 109% S-EfEAR (FBS, Gibco) H 1% 8410 U/ml,
HUARA G A0 10 pg/mL $=E2lAl B, Gibeo) & H7Fe A
AR 2 ARSI AF 2 NP AlxE 44 Acuieksision 3
o] kel wjokel e wA|E FQlokH

PLGA % DBP/PLGA ZE0IM Mol i 3 Als. 4719 bl
o A%3 PLGA % DBP/PLGA F2& 70% ole-ge] 302 ¥
QF wrx|ate] Hrd 519 eH, 1 F PBSE thl W AlAslod
2ol B1F Bt AzAZCE R AF AES NP AFE 42
Aciaierst 3. 3o AlhaidRe] AEE 0.05%2] ERAl trypsin—
EDTA, Gibco)-& o1g3l0] AEZ AT F, Axd PLGA ¥
DBP/PLGA B&9] ecm®% 100009} 52 7} AES 958 1,
2 9 3¢ Fb wieksisick. AR AR} s AR wiokdE
AAsILL PBSE AIXE 3, Exil Aelsle] EpARiRE o183l
AEZ AFHYS

RNA £2| % RT-PCR. ¥4 AZA AdelM 71 %2 4
2 5l T/ A¥7S AEsio] AF U NP AJE2) Sold kg
SRR A 1, 28 BEAY HIYTE RT-PCRE 3] &
Qi A9 W oz Az 9 d7d DBP/PLGA BES
Zol 1 mme] g8 ey 1 Yo deli Bxg pAAck
B2 F 1x10709) ATEEE TS slEstn wigst 1 9 39
Aol TriZol® (nvitrogen™, Life Technologies Co., Groningen,
Netherlands) # 888 ¥E-& o83l RNAE £el§ o}, ol4x
23&(Sigma—Aldrich Co.) E RNAE F@A7I) 228 RNAE
SuperScript™ II RT (Invitrogen ™, Life technologies Co.) & %




2294 DBP/PLGA dlelHgl=

7¥8ld Authorized thermal cycler (TP 600, Takara Bio Inc.,
Japan) £ 510 cDNAE dAleislc)t. SAAIZ] cDNAZ g
actin, Al 1, 28 294 Z}o]9(Geno Tech, Korea) S ©]43]
PCR& )\5“;}01‘3} 7} Zejolme] A7 d#t Rhg-F7E Table 1
7 2 PCR 3 29 DNAZ 15 wivo% okl 7]

S 3 F, AE 29S SYBR S H(SYBR™ Green 1
Nucleic Acid Gel Stain, Cambrex, UK)ell 28] Ajztals9i om
300 nm AL AP #AASIlaL olnlA] FA] RS AN
3lo] p-actin®] WM=2] Fwg dukslsisic) 24

PLGA X DBP/PLGA EE0IM MIE DEZX| 23t AJ7)e] W
07 AFE PLGA ¥ 328 DBPE 33 DBP/PLGA &%
274 1 mme] A8 A= 0 FHoR] GHes A BER 1744
21, em®3 5000709 MEE skgata 1 2 3% Bk vjokatsd
o ARMe] Bt 3 wliofts Ak PBSE AIAE vRS 2.5%

Table 1. The Sequence and PCR Reaction Cycles of f-Actin, and
Type I, II Collagen Primer. (d) Denaturation, (a) Annealing, and
(e) Extension

Gene Sequence Cycle Protocol
B—Actin F : 5'—gccatectgegtetggacetgget—3 d ?4 DC’ 30 sec
(227bp) R :5—gigatgacctggcegteaggeage—3' 25 aibZ b d0sec

e 72T 30sec
Typel F : b'—gatgcgttecagttcgag—3' - d 9? OC' 30 sec
collagen R : 5-ggtcttecggtagictls (-3 35 a:657T, 30sec
(312pp) O EECRecssEEcRetaT €172, 30 sec
Typell . o d:947, 45 sec
(3%4bp) gaas e 72 T, 60 sec
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PLGA & DBP/PLGA S| HH £M 4vZuy]e Ol%ﬂfﬂ
PLGA % DBPE @3t PLGA ZE&
< Figure 20| YeRJISIT] Alxd 25 A ]7} ¢F 100130 pm
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Figure 2. Gross picture of PLGA and DBP/PLGA films. (a)
PLGA only, (b) PLGA/DBP(10 wt%), (c) PLGA/DBP(20 wt%),
(d) PLGA/DBP (40 wt%), and (e) PLGA/DBP (30 wt%).
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Figure 3. Surface characterization of PLGA and DBP/PLGA films by means of solvent evaporation method. (a) PLGA only, (b)
PLGA/DBP(10 wt%), (c) PLGA/DBP(20 wt%), (d) PLGA/DBP(40 wt%), and (e) PLGA/DBP(80 wt%) (magnification; x100,

scale bar; 500 um).
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(a)

)

Figure 4. Typical cell morphologies of rabbit disc cells. (a)
annulus fibrosus (AF) cell and (b) nuclues pulposus (NP) cell
(Passage; 3, scale bar; 250 pm).
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Figure 5. Intervertebral disc cells adhered on surface of PLGA
and DBP/PLGA hybrid films. (a) number of AF cells and (b)
number of NP cells (*p<0.05, **p<0.005, ***p<0.0005).
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Figure 6. Relative gene expression amount of type 1 and II
collagen normalized by the intensity of p—actin mRNA on
DBP/PLGA film. (a) AF cell and (b) NP cell (***p<0.0005).
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Figure 7. SEM microphotographs of annulus fibrosus (AF) cells
on surfaces on PLGA and DBP/ PLGA hybrid film (magnification;
x100, scale bar; 500 um).
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Figure 8. SEM microphotographs of nucleus pulposus{(NP)
cells on surfaces on DBP/PLGA hybrid film (magnification;
%100, scale bar; 500 pm).
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Figare 9. SEM microphotographs of (a)anulus fibrosus(AF)
and (b)nucleus pulposus (NP) cells on surfaces on 80% DBP/
PLGA hybrid film on culturing for 3 days.
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