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ZEE: 23 FYS A A9y @48 ke MR A8 AAAY ke AR d7elx Fadt
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Gom MEREY HrES 98] RAW 264.73 NIH/3T39] Ba), 4 1 388429 g2mkgo] n)xE= 9
g ARSI AAR e 4 ARE/E FEHoR AT, SERE, A w23 8] 20
wi%olH S8 AAgon, ¥l AYEE o MErate] IHAY F2YE st Az
A Az, Hagae] 20 wind) AA/PLGA A A & 27)15AE B S48 welon, dagao] 20
wtfol @subgol woll mA 7haehs RIS mdgerd 8o AH/PLGA AXA}T F-83 Flojzt
Hasiioh

Abstract: The design of new bioactive scaffolds offering physiologic environment for tissue formation

is an important frontier in biomaterials research. In this study, we performed compressive strength,
water—uptake ability, and SEM analysis for physical property assessment of 3—D silk/PLGA scaffold,
and investigated the adhesion, proliferation, phenotype maintenance, and inflammatory responses of
RAW 264.7 and NIM/3T3 for cell compatibility. Scaffolds were prepared by the solvent casting/salt
leaching method and their compressive strength and water—uptake ability were excellent at 20 wi%

silk content. Result of cell compatibility assay showed that inflammatory responses distinctly decreased,

and initial adhesion and proliferation were maximized at 20 wt% silk content. In conclusion, we suggest
that silk/PLGA scaffolds may be useful to tissue engineering applications.
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S5 3 Qo Rk AR IRgelM waEks AR Q1%
FZnkgo] Harw) giok P BERh PLGAS] AEEHe] 540 <
3 Aol WAL Fofalarr} sk= A7) Jasle] @ ikt A
Al TEAE S GHURIE, Fei, SEY, Alb, S|19TEAE A
E292 71" o] Ql=rl 2 Atela] A A3 dAmRak=
DS 719 doFiR] gkon, Mz Raksea) S a1yt Holut
AT ) Srsittar gelA ok

AT g TEAEE 2 54 JALE 7T ok HA el
o] AFARE T2 Ao i wE Rl iF) chlE A
galo] FHEo| Q= TR FHIEe] Qla, Alepile o) sl o
WA A FARY G BRE R Q= o]tk A7) ahel
A B Al ARy AIARTHAE ol el
WG Zhe FEoI® o) ATE s AlEials Ao
E 239 /B9 JAHe] RaEglon, ol2x 3 gl gl 4
) AR TP ol Aa pB el M Asie gl o)
g2 852 ggo| ] ATHI o] MEX BANSE T&
b Qlrk SES Beslela 40 Qlel” Ak mjEg Al 1
A3l FAu® oFRe] ATRZ )5 4 5 rlksl Foplke] B¢
o] AEEIL Qitk QIF AlolAFAe] Ve A8l FHA AMEE7]
Aol AZe] AT GERkEoN gk AE7wke] THAQL <
T7F Basit). #HT A9} dAAE HheE F8 A5 AlelET}
el1el gk AlelA tumor necrosis factor—a, TNF—a) 9] &g
B35 Aol A=) W gkso] FRlg up QIk” ol 4l
e T W B AARRAS o} ghom A FEke 7
AR 2AML) FAEE 7B gk

ShH, 2AFEA o]ES 7o R §F XX|AE Yo Ag3kuat
g o) APIEE FAEE oA sl WA ARREg oY gt
Soltk G5HkeS AE = FAES] Aol 22t ol &=
Ae] 729} 715 AN fele A oz otk dialA)
F 54 AskET) 718 tiiAEr} desHAl AEE 9%
4 APl ETIRIQ1 TNF~a$} 22 s w7l dhalsas gl
NS WS Bl G5k S SYRIRICE 4ol Bofdke
AL Bt Ao RN Agke A gskuAl she Bigo] Hol ¢l
o0 Q50188 9107 = Qli= Ao 9)iAl=o] 7l TNF—
oSt IEF-18(IL-18 52 #1-3573 Alo|E7IRIe] o] f=
=1, e A-GF ARIETRIC) 37575 Bslsle] d5H-S
F o)ssid HEnkeel dofsh= B2 AsHA sl A5Hkeol ¢
ofupA] Hck: o|¢l B FF5Edo] HF Y, AT Woke-S
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AloF 3 THE. s EAl]l PLGA (Blefel=/gjolzelo]=
E1) 75/25, Resomer® RG756, Boehringer Ingelheim Chem. Co.
Ltd., Germany) = 3+21E0] 90000 g/mole?] 72-& ARE3IS] o,
AATEAR] A= Foighn AE78ld e (Dongguk Uni—

EciM, #3578 A3E, 20114
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versity, Molecular Biology Laboratory) oA 3-3do} AR&3131T)
A28 3 wt% F52) NaCOs 7848 H7letel 1AL 71ds}
1, G5E o) &l Al Ao g3l Al "ol NaxCOs
Z A 33 S52 39 o AlFsle] 5470% § 1 mm el
2 e} 232 F gaAolelel sl ARSItk AshES
(NaCl, Orient Chem. Co., Korea) < tha WdE2= AMSIG=H), &
RS ARgE}e] QK] F715 250~350 um®E SIS Widd
Z7e}o]=(MC, Tedia Co. Inc., USA) U 0]9]9] T-= 3slerEa} £
71471 HPLC 53 ARsisick

KIXIH ®MZE. 2=/PLGA the/d ARk 89l 7IR/E FE3E
olgslo] AFBIATE 1 g2 PLGAE 4 mL2) MCefl &3hdt &,
PLGAT® 273128 PLGA <) 10, 20 wt%7} B5% 28 0.1,
0.2 g9 A=E A7Islsic) 1 5 ohard/ 352 NaCle- PLGAS] 9
w7t HE2 9 g8 A7k, 27 7 mm, 71 5 mmet 27 5 mm,
= 5 mme A& Eof Yx ZPAMH-50Y, CAP 50 tons,
Japan) Z ©)4310] AR2olA] 60 kef/em®e] O = 24 A7 B3} 7}
ity Aol 58 34 SRTE 6AIRE wAlsk 48Rk
QF 82351907, —70 T YEel#lellA] 2447 F4% ¥, 5 mTorr,
—-80 T x40l 48A17F5t BAE3IGI R8s Siel
AAS) il Ha AFA oli) 25 T WF-ENA A+
70% L&) Birate] Aol ARgBIIEY

XXM EH 2A PLGA 2 A9/PLGA ARAE d71x= & 71
2 Ackslo] MEZdel| AP A=E AMgslo] EFekeE Cam—
copy Model DSC—102, Sometech Inc., Korea) & ©|g3}0] A=33+
o)) ke xX|AA|e] TEES Sigl, 7 AR e Euol 784
7)1 Ze}=a) A3)E](Emscope, Model SC500K, UK) & o]&3]¢7
200 A9 FAE WIS SEMModel S—2250N, Hitachi
Co., Japan) & #2319k

otENE A7 5 mm, T 5 mme] AF/PLGA AXAE PLGA,
A3/PLGA 5, 10, 20, 30 wt% T-0% 217} AZ = 57pS )3}
o TREEAEA7|(FTC, Sterling, Virginia, USA) & ol€3}e] &7
TE =4 - 23000k BS99 A ek 4719 1.5 mm,
AJ@%E | mm/min, $58 05 N2 25 FUsHA 2833t

XM 801 A8l whE v ARAS] WA EHE A
HE7) Yslo] THFE "oy AF4E Feith & 457 5
23 7)(Tantec™, CAM—PLUS micro, USA) & 01830} Zz}k2] #|A]
Aol 10 WL FF75 oz AR 3 g0l o)F= 7}
T2 Z9sisict dwtdoR Algs ol ofFE AWt EF
257238 w715} ZA8SE XS ekt 2 Algeld 73
2 ools Aalslo] 33] B4 et 3 Hagkd FHsle] ARSI
o} wsk AR A7 B E Tl Sl S8l SR Ho=
, E 3TN RS
el

E 4. AxE XA B 5 58& S3sp] Slsie] XA
9] 27} FA (W) B E48F 10 mL2) 33} 55750 ¥e] 37 €

Q0B 47k wHksky, B8 S8 AXA 3] B
5 B A W B 279310] water uptake2lel] tigldl] & &
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ISk A FAg 004 Ml Y Fegste] B2k

Y 2 1o
O_u_\ll_‘
o o
4

i

=
=

e

[of

_]
=



A F/PLGA &telHE = =R A 9] 7144

HIZHHQF. RAW 264.7 M2k Gibco BRL., (USA) oM
&J8} Dulbecco s Modified Eagle Medium—low glucose (DMEM—
low, A5t SFALYY 10%2] SHleFEIA (FBS), 1%2) #ualsl—
AEREDe](PS, 100 units/mL HHA#3} 100 pg/ml AEH
Enfelr) & NIH/3T32 RPMI 1640 (Roswell Park Memorial
Institute medium) % 10%2] -F-EloFEH (FBS), 1%2] #Hudd-~
E3Erlo)A(PS, 100 units/mL #2217} 100 pg/ml, AEE0}
o]4D & 41e] Millipore Co., (USA) A 913 GP Express PLUS
Membrane 0.22 um®] Stericup 2 & ZEJSl] ALE3I9c) A& A}
49 3 G2 A Z (mouse leukaemic monocyte macrophage
cell line, RAW 264.7, KCLB40071) & 7 Hfod-RoAlIsE(NIH/3T3
mouse embryo fibroblast, KCLB21658) = §l=+ A|E5-28(KCLB,
Seoul, Korea) ol|4] AlFREbc) AlZEi= AjaEnjokaliof] skl Al
Azl Eek (75 em®—lask, BD Falcon) ol ¥55}0] 37 T,
5% COp Z219] QlfHlolE ellA] el dFedel 2~33] WAt
] Hjeksisic), Aldel] AN RAW 26473 NIH/3T3S Ade] 2
L3} TRE Ald] S ujofe: 2o g A Holgro] AT 80% 3
T S2Egks wf Adeisit Mg sl dEiE P dxiav)7d (Nikon,
TE~2000, Japan) 22 #2319tk MTT assayolle 5418:2) xjo)
& BspA| viwslr] $18) RAW 264.7:50) AE2] S4150] At
OF U Ao Rl NIH/3T3E ARSI 0, SEMelre A%
9] 2] B wWiE RERA HIlE BoE ol ¥R £
RAW 264.75 ARg3lich

MZSAE M 5bie) =84 71200 MTT HEZ SRS
vEFEole] Ed aAakgo] 2Jslo] AAAE uli= vlg-84d 9]
MTT 3EPE[3— (45— trdHeE—2-%) - 2,5t e Enksz]
& BErelE] o HTE MTT #4918 FaA AT S44%
2 RIS QI NIH/3T3S 1 X 10PSE/ARA) sagsst A7)
249 Zle|EeM 1, 3 B 5UH iRkl ujekete: AlASI A2
< ekt Yo 3 100 ule MTTA2KS meg/ml in PBS, Invi—
trogen) & H71t F 37 C, 5% COz A9 QlFHlo|ElolA] 4417+ 3
2lBigley 4ARE ol Wkl Aro] W AFE viela, PBSE
A7go] "oix|z) Al AlFE) 1 mL HeEAZALe] = (DMSO,
Sigma Co.)E & § 253 712 307t galist 4942 969
ZelEe] 100 WA $4 defolr Z201E 2 (E—max, Molecular
Dvice, USA) & o439 570 nmeld F3== =4s19ic)

HERas gl SHef £M 70% 4722 HiEd PLGA 9 A
A/PLGA AR Ao RAW 264.78 1 x10°(AZ/AAA) 58 #)
AAE 249 SHlelEA 1, 3 B 5T Hileksidct wieklS A
al3 PBSE Al#eE & 25% ZFE2AE0)=(Gibeo) 2 244171
a7gF 550, 60, 70, 80 2 90%2] YFES 308 Hlsle] g
kil —80 CollM FaazslIgitt 7t Alag det Zoio] A7)
Zelrs{ElE olgslo] 200 Al IR el SEME
olgate] ATzl me AAelM ) Mz} FAE 9 AEHes
sl

HZE AMOIEFIRI &AM, 9] F7delr] AAAR Qlslo] B o
T2} Ao} Aol £ F)EE 9% w7 AllEFRIQI TNF-a
(BD optEIATM TNF—o ELISA Set, 10600 pg/ml) 8] 5% &
Aalod )= wA98h7] Y8 mAHSHAHELISA, Enzyme—linked
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immunosobent assay) 2 A&t} tlFEre® PLGA AA|A
RAW 264.75 1% 10°(MZ/ARAD sksshar glolEEajazielo)
ZILPS)E Ak, ARAE 244 SHo|EoiA 1, 3 &l 547w
okslgiom Aglato 2 A/PLGA ARANE AASHEE Udst 3
H o AlRElIr) wljek o wigkets Hsted AR (10000 rpm, 15
B3] G AN —80 TN F2aitt: AlEe] Ropd %l
of] AAHAAALE skl Al 3l 3 9649 ZHlo]Ee] 100 pLA
7 defort FHo|E gulE ogsfe] 450 nmellM| FHEE 573
sigick

E7. 7t A9 BAEE EAE student’s t—testE ATSE] p 3k
] 0.05 "zt wf FAH O Fogt e R STt

2t J EE

MA/PLGA SI0|EE|= KIXKIH HZ. Alils moid A A
1 mme] /)& 2} PLGAY) 10, 20 wt% &= A S A)xs}
Fom e Aa/PLGA AAA AREE: Figure 1(a),(b) ol HER
ek A9l PLGAE §RPER Alo] AulE &5 wel & 7w/
o] &M oR AxSh= WS Figure 29 VehhIn) zalgsk]
HE-g 918k ARAR] tha71e] Me7F100~400 pmd ©) 7FE &
Foleh= el 2! B ATeldE tEEr)E 250~350 um
o] 15 FRBIIE Skt A Jels deE £ FE
o} 2A doyrlom 5, W, EqfAs 2719 vh Y ol Aol
e Zlow AEERILE AXAE V1R ddsie] dnd &g o

(a) (b)

Figure 1. Silk/PLGA hybrid scaffolds: (a) horizontal obser—
vation; (b) side observation.
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Figure 2. Schematic diagram illustrating the fabrication process
of silk/PLGA hybrid scaffolds by solvent casting/salt leaching
method.
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_Figure 3. Observation of silk/PLGA hybrid scaffolds by
Camscopy (X 200) and SEM (magnification: X 300, scale bar;
500 pm): (@ PLGA; () silk/PLGA 10 wt%; (o) silk/PLGA
20 wt%.

A9l SEM O = #3st A Figure 3o WEhiict 2 A3 f)
AR o FEHe] %t ¥ 4% 9 thye] Ao UAAEHA
FAEE 248 FRIsiglc A7t oha Aleje] e aE PA3ks 3
1 Ao A=) ok 401011 EAEE SRR VeERIgn:
A4 A A 7} HEE MRS o WEYE T PLGAS A%
goll gt 7] 52 Astel AEubeol digk 43} aE By Ao=
AlgEe o] dul= AEE sEe 0 SEM $25} ELISA ¥4 24
ek 13l Camscopy 2 A E8l) 25440 785 1z
el o] SRS 18 = glon] Aol ol o) AR
Dt Fkhke RS #1g 5 glch
E2H 2z AT wE 7R Axe] 2jolg 1y 8 4=
7= HAsI Figure 40 VERIGITE &% A} 2 2lolE
o= QAL Aasglgo] Fobdel wiel 2490 Fol e B
oIt} 30 wi% ol st goA EAdo] kel & 4= sith
Rl 2V ARGEE 7AR ) Seldvka ¥are wl gled) 2
olel) eJAs) H=ggel wiel B/4e] Wik} dofs A& Asny
A R7) EEAEE o 9 A=A 67 UEe] Ale)E vl PLGA
7 AZARE Folro] BAjo] ZobAut daidfrt v WolAld
A7 B30 Sdele] AEA) At e 238l Aot wolx
£ 28 E1E 4= Qqin). AR 0 20 witwr} 7hE BAjo) Aeke
2RI
TzilsJF. AAA FR AP dolr) ¢ }Oﬂ AR
& AABIT) A9 Bge] olF 2t AerE e o)
ERim] 57FE 21 Figure 591 vERAICE %@@4 10, 20 wt%oWA]
FEEHE we] A Ag 2RI 4= glon], o)y A7)

fEJ{

=2/H, M358 A3F, 20114
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Figure 4. Compressive strength of PLGA and silk/PLGA
hybrid scaffolds. From the left, PLGA, silk/PLGA 5 wt%,
silk/PLGA 10 wt%, silk/PLGA 20 wt%, and silk/PLGA 30
wt%. Differences were considered statistically significant
when #p<0.05, #+p<0.01, ##+p<0.001.
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Figure 5. Contact angles of PLGA and silk/PLGA hybrid
scaffolds. P : PLGA, $/P 10% : silk/PLGA 10 wt% and S/P 20% :
silk/PLGA 20 wt%. Differences were considered statistically
signigicant when #<0.05, **p<0.01, *#p<0.001,
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Hg® %313 A2 Figure 6(b) ol VERISILE A==l w2t
TR 2olE Hols R AT A 7AAER] o]
LA R ool BHAdAlS el ROE Holw, A3idfel o)
UhE Ale] YIEQTZE A7 4928 $HRSHL Sl <ol o S718HA
g o8 /\}E%E}.SS'43

HERRE g SA AT} 959y 339 Fdez Qe Fae
9} ZAFol I} A7) A9 Sl whE AR|Hee) AR

& FIBP) 8 MTT 2498 53 nlwsisict A=) ue
NIH/3T32 1, 3 9 5U2] AFF2E Figure 7o Vehligion, A
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Figure 6. Water—uptake ability of PLGA and silk/PLGA hybrid
scaffolds as a function of silk concentration: (a) com—
pared mass of water—uptake; (b) water—uptake ability (%);
From the left. PLGA, silk/PLGA 10 wt% and sillk/PLGA 20 wt%.
Differences were considered statistically significant when
#p<0.05, *xp<0.01, #+xp<0.001.
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Figure 7. Cellular viability of NIH/3T3 in PLGA and silk/
PLGA hybrid scaffolds analyzed by MTT assay after 1, 3 and
5 day post—seed in wiro. From the left, PLGA, silk/PLGA
10 wt% and silk/PLGA 20 wt%. Differences were considered
statistically significant when #p<0.05, #+p<0.01, x##<0.001.

“p  Tspion

th MTT 23 NIH/3T39] Z:2je) 594 oA £ /}6}1 Rne g F
sler, 5 F- Aagkda} 3le] ATFAEC] e o)f= NIH/
3T3 ZH|9] S2jo] 7] wiEo 2 Abggn) s BAg A9 A
=3g0] 20 wi%?) ARARIN 71 $r3e Flsic) PLGAS) A
AR FAC W B9uE njwsl] Figure 5(b) o) YER]
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(a) 1 day (c) 5 day

SiP 10%

SiP 20%

Figure 8. SEM microphotographs of RAW 264.7 cells on the
surfaces of PLGA and silk/PLGA hybrid scaffolds: (a) after
1 day; (b) after 3 days; (¢) after 5 days{(magnification; X
1000, scale bar; 500 um). From the top, PLGA, silk/PLGA
10 wt% and silk/PLGA 20 wt%.

gith SEM w2} A 95 10 & ARA masz As) Al o
FARIE oVt A HaL Sl A BE =] hz PLGA* = A
7} o] BAER] Bl BAGE AS B1E ¢ ol ol A
o] Ael] wWito 2 Al Ao 2855 %ﬂ—;kﬂ S Eakd]
AL BEZAS BR1E 5 9l9lr) © rHLJth A3 9 &
73 fRisled] o] gd0] wve] AR} o 5}594 SRS
#olat 4= gli= Aujolc} 17 39 Fofi= A: m ol 514 glow, 4
F B et Faska Fao] SR 18 g1Et & gl
At} 59 3 PLGA #Aaljel] vlsl) A=/PLGA 2R Al Ao &
Aol ull- st 2AA] Aol A3ErE ARR] Hgkor] wel & gle
ZE gRlst 4= oltk AR ¥ AREE AR FATE o)
A} AR ABARES ST A7 PLGANY} A3
A SR sk, Aaidae] v g o) 2 e Al
AA487} PLOARTE Az o= ;%a AR S 74 SR8}
o) Za}7| wio]ck ™ Alze) Rddo) Ao F43) Ae) B
AL QLow, Mg A} Ak x’ gol] wol elEsh= 2hg gal
6-L «/’; c}\)\olt}

HELES, A=) el ule} PLGA AXA9] G5gksl
FoIel/] 218l ELISA S olgslo] TNF-q2] WS H
A8o] Figure 9ol ViERASICE 8412 A7A7 A 1 *d_%
Fokal Qs dAAEE Blolel ZAAE, uAFE, Fokl giet
3 o717 Qe 9lom® Fobe] ot Wz o IL
TNF-as} 28 A|E7IR13} 9hEA AAEe AANOYE # 1%;

o190 PLGAY] el UM Q18 RAW 264.70] Bk g

a7 AlolEFRIQN TNF -] ke thasio & n|ash A 2= 0]
o] olarE TNF-g2] HEo] S0t A8hs Held 20 wi%

oM 7P Zap E9ih 1 lo] Z38le] wet TNF—a2 HEo)
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0 R

=1
S
RilA

ﬁXL M o?i

oS B oz AlRIAE AR JHER] op|iAlko 2 o] Foll
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01 day
»3 day
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Figure 9. Inflammatory reaction of RAW 264.7 cell in PLGA
and silk/PLGA hybrid scaffolds measured by ELISA after 1, 3,
and 5 day post—seed i1 vifro. From the left, PLGA, silk/
PLGA 10 wt% and silk/PLGA 20 wt%. Differences were
considered statistically significant when #p<0.05, *%5<0.01,
wxx<(),001.
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THREFES AlFate] A3 Haka)
Z4o] o)z ; se Az
A 9] gl ATgRk) mle ARk 289 gelsl)
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