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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 NIH/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 wt%

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.

Keywords: PLGA, silk, hybrid scaffold, cell compatibility.
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AleF gl Ji 2. ARSI 1A}l PLGA (Elo)s/ZejolEelo|=

&H)] 75/25, Resomer® RG756, Boehringer Ingelheim Chem. Co.
Ltd., Germany) £ Z212k0] 90000 g/mole$] Z3-& ALg311 oM,

HAATFAR] AR Fooishy AgreldT e (Dongguk Uni—

Eg|H, #3548 A33, 2011

(NaCl, Orient Chem. Co., Korea) < U AWIEAZ ARSI &
A ARSI IR 715 250~350 um=z FESIITE v
F2g}o|=(MC, Tedia Co. Inc.,, USA) Y o]9]e] BE llokEy} &
71g= HPLC S5-8 AR3isict,

KX ®Z=. AF/PLGA TR A= 80l 7/ 2958
ol gato] Az 1 g9 PLGAS 4 mLe] MCell €315k 5,
PLGAT®} 478128 PLGA 9] 10, 20 wt%7} ¥155 22+ 0.1,
0.2 g8 A== A71sislek 1§, vhe@Ada4<] NaCl- PLGAS] 9
w7t H S 9 g8 H7Ksk, 27 7 mm, 57 5 mmet 27 5 mm,
7 5 mme] Ae)E B Wi ZglA(MH-50Y, CAP 50 tons,
Japan) & o]-g5}0] ARo4] 60 kaf/em®e] YO 24417k E2L 7}
deidich. Aol FE2 33k SHTE 6ARWIE wASh 48A17kE
QF-§E31a1, —70 Co] P AelM 2441k F4sH ¥ 5 mTorr,
=80 C ZxolM 48A17Fs<E FAAZSILE AFEriE T8I
A $l8lo] Ha A5 o} 25 T XF-QEo XA F
70% %31-%0) Hitsio] Aale] Akt

XIXIH EH 2M PLGA 9 A=/PLGA AXAS F840% 5 7}
2 Akl MEZoe] wgA|aL =S ALgsle] 895k Cam—
copy Model DSC—102, Sometech Inc., Korea)  o]83lo] A=3
o] whE AA|A ] TS Si%l, 7 AlEE Heh Erol 1A
7)1 Z=}7nt A3 (Emscope, Model SC500K, UK) £ ]85}
200 A9 F= wEaEsgik. SEM(Model S—2250N, Hitachi
Co., Japan) 22 #2s13ic)

o=zt A7 5 mm, 77 5 mme] A3/PLGA AAAE PLGA,
2A=1/PLGA 5, 10, 20, 30 wt% T-0& 77} B 5= 57488 S 8f
o] WRsEAEA7(FTC, Sterling, Virginia, USA) S o]g3lo] =73
TE 5 - s8Itk e Ed5712 A7 3k BAAE] 1.5 mm,
A& 1 mm/min, 952 0.5 NOZ 55 58l 2851t

RN Bol ATske] wE thad XA ] fvke A
A1) $sl] THFE Holrmg] AE4S Sigith & HE5 &
3 7] (Tantec™, CAM—PLUS micro, USA) Z o|g3}0] Z}zte] %]
Aol 10 ul2] S75 Holrmg] Alge 3wy} B1-g0] o= 7}
TE Sslolk A o® Ags) B8] o= ATt 55
2473E W 2157} 2SR 3938 VR 7 Alsel TR
2 goIg Heislo] 33] WS AR T Hitghs Fslo] ARSIl
o =5 AR AP B SRS S5 S8 SR ol
2115, 10, 20 ¥ 30 7H 0= F57ks Sl B F4 AsE

B Y. A AL & £ TS S Slste] 1#1A)
o] 7] FA(Wiry) S S48k 10 mLe] 33} 557571 go] 37 C
o] QlifHo|Eelr 423t wHlsh, B 53 XX Bl &
AATE B FA (W) E 5795107 water uptaked]o]] thlsle] & &
e Stk wsh 2 F TS HanAxsio] YA wst
= BAEI9IT) AEe 2olsh x7iolA Al wia S=alalo] BAlsli).
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MIZHIQE RAW 264.7 A|3EmIFete Gibco BRL.,(USA) ©llA 7+
313} Dulbecco s Modified Eagle Medium—low glucose (DMEM—
low, A&t SFTL2) ! 10%2] -FEleFE (FBS), 1%2] sl —
AERAEn]A(PS, 100 units/mL #YA-Z 100 pg/mL AE#
Enjolal) & NIH/3T3> RPMI 1640 (Roswell Park Memorial
Institute medium) % 10%2] $-EloFd3 (FBS), 1%2] #iujEa—~
EREnjo|Al(PS, 100 units/mL #HWA#3} 100 pg/mL A~ERER}
o]xl)& 41o] Millipore Co.,(USA) oM F]&+ GP Express PLUS
Membrane 0.22 um®] Stericup 2 ZEJ3}o] ARE3ISIT Aglof A
43 3 dNHA M E (mouse leukaemic monocyte macrophage
cell line, RAW 264.7, KCLB40071) 2} # 8llo Mo P (NIH/3T3
mouse embryo fibroblast, KCLB21658) & 3=+ A3ZF-23)(KCLB,
Seoul, Korea) oA Al ct. A= Mlazuljekallef] ekl e 2
Aok Ze}A=1(75 em’—flask, BD Falcon) ol #5519 37 C,
5% COp 18] QIFtHloE ol vikts Aol 2~33] wAls}
v ujeBiSint. Ade]] ARSE RAW 264.73) NIH/3T3E A3l 2
Q3 T Alf] Fof] wljekels: 29Je)) 3 ¥ olgo] AL 80% 7
5 A0S o AFSSICk AlES] s EE VAR (Nikon,
TE—2000, Japan) ©& #3153tk MTT assayoll= 52159 xjo]
= sl nlwal] Sls RAW 264.7 15T} A|E2] S2150] A4
07 VR A{olHEQ] NIH/3T3S ARE3Isom, SEMe= Al
9] 7] Fel W BEEA HelE Holx 7 Qs AT 2
RAW 264.7& AR3131Ck

MZSAE M. 7] 84 7129 MTT HEEE>
nEZEoe] grd GAKRge] SJslo] ARE wli= nla8/d2)
MTT FErje=[3— (45— HHEEloE—2-%) —2, 5t dE =Rl
o HEvp|s] o Selsm g MTT 248 Bl Al S48
2 R 4 QI NIH/3T3S 1 10° /AR 953t AR 2
24 ZxjolEolA 1, 3 9 5 uiFsISict vkl AlAskaL Al
$- Hjekels- we- & 100 ple] MTTAI2HG mg/mL in PBS, Invi—
trogen) & 718§ 37 C, 5% COz 712 IFrlofE ol 4417 A
2SItk 4ARE ol P o] AVdw AelS vzl PBSE
A7go] "ol A| o AHEE 1 mL tiEAdZEALe] = (DMSO,
Sigma Co) & ¥ § 253 #4712 30%3t g4lst 895 964
ZefolEel] 100 uLA $A defolat Eo|E 2t (E—max, Molecular
Dvice, USA) £ ©]43}0] 570 nmelld S35 S7da19ick

MEZERRE U HEf #M. 70% T2 Hars PLGA ¥ A
Z1/PLGA AAAl RAW 264.78 1 X 10° (HIZ/AAA) 953 7
AAE 249 EolEolA 1, 3 W 57T uiRksIlt) wikets AIA
afal PBS®E AIEEE §, 2.5% SFEEYEEIe]=(Gibeo) & 24A13F
73 550, 60, 70, 80 B 90%2] dFe-S 304 Asle] @
Skl —80 ColM saxeISI: 2t AlRE et Eol agAz]aL
EEETERE ol83le] 200 AS] AR WEEREIIck SEMS
o] g3t} ATzt wE AR|A A2l AEe] BT 9 XS
TSIk

PZ AIEFRI M. AAS] el AAAR Jste] BE A
9] AES} Ak - ) E= 95wl Al E7RIRI TNF—o
(BD optEIATM TNF—a ELISA Set, 10600 pg/mL) 8] #%5 =
Aate] vl B3] Y8l @A SGAAHELISA, Enzyme—linked

immunosobent assay) & A3t S 2 PLGA A|A|A ]|
RAW 264.75 1x10°(HZ/AAA) sgsta elol£Eehplelo]
ZLPS) & Helslkal, AAAE 244 Z2o|EollM 1, 3 9 54z )
oFsgl o Aglto 7 A9/PLGA ARAE AaslaEz soUsh
Ho= AlSYEIIcE wljeF 3 Hijekets Fsto] @422 (10000 rpm, 15
Bslo] DL A5NE —80 Colk] s3SItk HEo] HopAH shi
o EAHAAE Akl AR &4 5 969 Edlo]Ee] 100 plA
w7 defolrt EHlolE ulE ol83ste] 450 nmellM S 3=E 54

sk

2 A EE

AT/PLGA SI0|EE|E XIXIH| ®=. Ajike Holdl A= xS
1 mm¢] F71& 22} PLGA9] 10, 20 wt% Bl&E AXAS A=xs}t
Som, e A3/PLGA A4 AR Figure 1(a),(b) el YER]]
ek A=19} PLGAE $HRFEE 4lo] Al 250l w2 8+l 71w/
¢ FEHoR Axshs WS Figure 200 YERASITE 245817
285 213 AAA] vhe=17]1] He7F 100~400 pmd W 7 &
FHolgh= Al 2! B ATl tRE1S 250~350 pm
o 715 ARGt Sk Ay} i A o] FE)
o} A Hojgom G5 WA, Eqralst 21719 vy E ofg} Aglo|
e Ao TAFEE AAANE VIR Hsle] dn) Zoe st

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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Camscopy

Figure 3. Observation of silk/PLGA hybrid scaffolds by
Camscopy (X 200) and SEM (magnification; X300, scale bar;
500 um): (@) PLGA; (b) silk/PLGA 10 wt%; (c) silk/PLGA
20 wt%.

Ao} SEMO 7 73t A31E Figure 30 UERISTE 1 A3} g
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2 o] S ERIsh 4= glom A fel oJa)) el AR
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2| A, ATl e 7 ATl Aolm 1] 8l
7= A8l Figure 40f JERASILE 5745 A & Alolg 1
ORI YRR ATglEo] wolde) ule} BAdo] FoR|e S B
olth7} 30 wt%olri= A7t WolA E4o] okallidg & = AT
thge] =77 ARGE 71AE 73} doitiar B v gli=e),
olell o)A Aaghde] uet E42] Wspt dojui= 218 Avn
AAAH7}F ZIPIEPE ofd A9 A7 thee] Aol B, PLGA
7} TS Joleo] o] o ARt A=A R v WokAd
A7) BRRS Al A aaph BAls] @51 At "olX
= 7S 3RIB = Qgltk AR o= 20 w7} 7FE BAlo] ke

SEABIE, AR EH2] DS dopr] fleie] HEA 34
S AARIIEE Alse) Bkgo] off= At A5 A5dE
ERilm 37Fa7h= Figure 51l YeRIT 578221 10, 20 wt%elA]
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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, S/P 10% : silk/PLGA 10 wt% and S/P 20% -
silk/PLGA 20 wt%. Differences were considered statistically
signigicant when *p<0.05, #xp<0.01, **+xp<0.001.
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HIEE E5731E ZA91E Figure 6(b) ol YERAICE A=<l uje)
FEZEAIL 2JolE Kol 218 ATA{7} vl G4 EQ] o))
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o} A1 et A7t A2 gl wie ARl 2] Al
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NIH/3T32] 1, 3 W 52| M¥Z24S Figure 70 YeRfgioH, Al
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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 silk/PLGA 20 wt%.
Differences were considered statistically significant when
*p<0.05, ##p<0.01, *#xp<0.001.

1 day
=3 days
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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 vitro. 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, ##xp<0.001.

ok MTT 23} N1H/3T394 S2o] feld 91741 kR ske &
Qo 59 & AlFgskEkyl A 9l0] MESAES] =& o]+ NIH/
3T3 #A] F2o] 171 o oA *}Eﬂt‘r =S R A A
7o) 20 wt%e] AAAeA 71 -9<reks ER15ITE PLGAS 4
469 FAlo] W Rulu|= H)wake] Figure 5(b) ol LR

=97 e} AEXSES i vitro AT 193

(a) 1 day (c) 9 day
=

{b) 3 day

SiP 10%

SiIP 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; (c) after 5 days(magnification; X
1000, scale bar; 500 um). From the top, PLGA, silk/PLGA
10 wt% and silk/PLGA 20 wt%.

Atk SEM #289 Az 3 1Y 3 XA sk A APrrf ok
T AllE Eoi7t A AL sle 2hE s = 9131, PLGACME Al
27} ob] FAER] Faka SAHNE Bs g1 = e ole A
o] Zsl7] wiEo = AlEEw, AAgRR] H8SE Yo g 2 ¥
AIEZ BEZAE 2RI 4= QI9i) of= AlEr) 27| Fakst = Q= 8
747 Hasl=d o] o] B ARES) SRS A AeS
golst 4= Q= 754015}44 17 39) o= A3L7} o) HA glom, A
B %ﬂ%ﬁ A7t Faleka Fao] Ehlsirs 21e ER1E
itk 59 F PLGA X]XIXM nlal A F/PLGA A XAl A|3E2]
o] wl}g- ghash Z|R)A| AAel] M7 AF Fgoke wol 2} gh
Z& Zolst 4= Qluk XX 3 AT M| FATE =o)1,
AsES} AAARES] AT RS ZMIZIEEY A7} PLGARTE A=
A SR Falska, AasdRe] whed] os) Fajo] 2 wi= A
AT077F PLGAKTE A o2 vk AR & 714 2318k
glo] Zal7] wo ok Ajaze] o] AIE9] FA13 2 Al T
A7} Lo, AlREe] Falx) Fale 15de] ol EsH= 2S gkl
e U3k
HEHES, =19 =gl w2} PLGA ARAS] S5ekst A%
Zslet7| 9l ELISA A& o]83sle] TNF-af] WEs 1
213810 Figure 9l VERISIE A2 “3."4%/\17]%11*1 14
Yokl e tRIMIEE oA AAME, vAE, S tist =
3 o7 e AR glom ™ Faksre) tfst biﬂ?ﬁi
TNF—a8} 22 Al|EFRIZ HhgA] 44591 AANO) & 1|3t
Th9%0 PLGAS] 23] AR 18k RAW 264.70] HHlek= 9%
w7 Al E71R1Q1 TNF— 2] WESs: tharo = vlwst Az} 259
Fego| oS TNF—of] HiEe]| o1t Z33E Kol 20 wi%
Oﬂfﬂ 7P a3 F 230 /\17101 Z7stel w2} TNF—of 0] &
AEAl He 0] = AlEAE AAS FH Q] oliAlo 7 o] FojR
“3.” 7} olENhe-S ﬂéjﬂ #2 p540] 735 PLGAS] o]%
0 0 = 1 o:l ]-—Qo] u_,_o]__ 7—1_3 /\]—E'_HE]— @_J,]J-]j }\13_._

o

V1F OIN §2

mlo I;.l mlm
= 1:0 ol M oox
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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 in vitro. From the left, PLGA, silk/
PLGA 10 wt% and silk/PLGA 20 wt%. Differences were
considered statistically significant when *p<0.05, *xp<0.01,
w4k p<0,001.
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