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Aol 2 wt% A3 FEES] £ 100/0, 70/50, 50/50 H|EE H7lsle] slo|=2A AR A S Az on, A
3 B2l Fgdo] tpakst shFo g Ak ATk slol=2A AAA| Q] EE4 5AES golrix 4EE,
O3%, FTIR 52 AASHEA AF Alxe] S5 421 2388 Hr1sh7] $98] MTT, bio-SEM, RT-PCRS AA]
3 A3} 50/50 H&o] A=A 9B EQ(GG/SF) slo|=gd AAA A B AE ZAEH 53 AT
BIE I AHoz 50/50 ¥]&e] Aeh/Aa yERel solezd XA 7 A 28 A FHA
o= zZgske el

Abstract: Recently, in tissue engineering gellan gum as a polysaccharide composed of glucose, glutaric acid, and rham-
nose is proposed as a substitute for cartilage regeneration applications. Silk fibroin has biocompatibility, biodegradability
and excellent mechanical properties. In this work, to confirm the effect of silk fibroin on cartilage regeneration, hydrogel
scaffolds were prepared by using 2 wt% silk fibroin (SF)/2 wt% gelln gum (GG) at weight ratio of 100/0, 70/30, and
50/50. The characterizations of scaffolds were implemented by FTIR, compressive strength, porosity, and SEM. Cell pro-
liferation and gene expression were evaluated by MTT, bio-SEM, RT-PCR. As a result, SF50/GG50 scaffold was con-
firmed as an excellent scaffold for cartilage tissue regeneration.
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(gelation) AlZ &= Qlo], AlAlol] 9 A] W] ARRES0] gl
3L, RSN kst Al 27 FElellA o] g
1—:’_'10

AF{ stol=2A XA o H7he A3 3B 22 (silk
fibroin, SF)> Tl 25E dojx|= A eid=A], A4
A F ARl HoUaL dEukge] won vhily 2
sl @40l Z2H oA (protease)ol] TFEHA] ¢Fo} 71A1F T

£ fAske 545 2L vk 3 Al BA g RS &
pZs

e A GEA YT He A =27
33} FopillA] A=A 3BE=ER1S &85t At &Hs] o] F
oA Jlom A FH=EQY e ARfPoR tE
Al gt E9ete] A XAA A7t 7hssek

olof] & Aola= Aol T da fE=ES A
718t Ak A 9B 221 (GG/SF) sto] =24 X|AAE A
Zrete] o HE A A a5 Rl

o

Al
=

ot

Aok A xfE. AT Gelzan™CM (Sigma-Aldrich, St.
Louis, USA, ¥4 2412 1000000 g/mol, G1910), *Fol| 7]
+ A¥-5%(Kyebong Farm, Korea)ollA] 519l oH, =&
3}8} oFF 9 f7]8ml= HPLC 552 A3t

XIX[H M=, 90 °ColX FBAIZ 32F S/l A2 &
2e Yo, Wik F 7taAlel 0.03% A3k (CaCl)e A
7kt 2 wi% AT F8H8 Az

A3 7§42 Bombyx mori FAZAE ZA 2} 0.02M
o] BN EFNa,COsys X3 33} S/l YL, 30
Bt 7Hdst] Al S AAG F SRl FAFL 2
oA Az AxE A= 93 M EE3IE]E(LiBr)
| 60 °CoAA G3lAHTE A 784 )= LiBre
AAsE7] 918 T2 2 (SnakeSkin® Dialysis Tubing, 3.5 K
MWCO, Thermo Science, USA)YS AFE-3}o] 48417 59t &
Frolrl FAAIA 7 wive A3 FBEZ FEHS Az
% 845k, 2 wi% A3 THEQl 8o 2 A|Z3 T
2 wi% A gl 2 wi% A3 THEQ] F§HE 100/
0, 70/30, 50/50 H]&= F7Fsto] sjE=]HH ] #53 5 30
= &< #£38]aL, vo]g-A] HX|(Biopsy punch)E A3t
A7 8§ mm, £°| 4mm =712 GG/SF dlo|=24 XX|A=
A=A TH(Figure 1).

MZ MEo 22| ¥ i JdF Mxes S 3FH IA
TZH= 3le]E E7|(Hannil laboratory animal center,
Wanju, Korea)oll X F&319th E7] F204 d& F-9E
H2sle] PBS(pH 7.4 Gibco NY, USA)E 3H A3 & &
= 95 Foltlo] YA & F 1500 rpm, 4 °CellA 3
Bt REEE stk YilEElE §F 9EAlEE DMEM

A

GGS50/SF50

U T R

Figure 1. Gross images of GG/SF scaffolds.

IFE FFI L2~ (Dulbecco’s modified eagle medium)e} F-
12 G drf=] &3l (Ham’s F-12, Gibeo), 10% $-Efold A
(FBS, Gibco), 1% &HA1(100 units/mL U2 H3} 100 pg/
mL ZEEnfo]2)S E§e v 0.2 wi% FeHA
©]= A% (Roche, Indianapolis, USA) 200 pLE 7kt 36
°C, 5% CO, 27122 QIFHolH ol 1247 &t A=
2 B sttt 2 Fol 1500 rpm, 4 °CollA 3% F<t
A & gz} shA| A2l Tl B8k 36 °C,
5% CO, 27X vjoFele 23] & HA wA|FATt.

FTIR 4. GG/SFe] +x4 #4< <ls] A9 &3 3
SA(FTIR, GX, Perkin Elmer, Connecticut, USA)E ©]|-&3}
o 4000~650 cm™ A EA 53T

SEM ZHE. GG/SF] el U= thag Elstar, A=
Al S2ES #2357 918l SEM 3742 AAET) Al
S A 8l ZH 7, 14 2 219 <t viekst & a
< AAstaL PBSE M A H 25% S FEIE L stol =
(glutaraldehyde)= 24A17F E<F 1 8kal, Sl-g a8
(50, 60, 70, 80, 90 = 100%)S ©|-&3t] z} 3044 Bt
S A3t 2 oS GG/SFE ol2 3712 slolla 22
=n} 29 B (Emscope, Model SC500K, UK)Z ©]&-3fo] )
= IHEAL, o]& FAAAF fv|7 (Hitachi Co, Model S-
2250N, Japan)S ©]-8-3ted T WHslE ST

MTT 4. AX F2ES gls7] 918 7 stol==24
A ZIA A 1x10°(cell/scaffold)e] A= AIEZE 353 T 1, 4,
7, 14 2 2144 MTT[(HHIEX|o}&-2-¢-2,5-H s dH| E&}
e BErpo|T)] #4418 AASIATE MTT €9 (Sigma,
50 mg/mL)S 100 pLE ¥olF § 4A17F 52F 36 °C, 5%
CO, =71 stell Aol oA i Fstaitt. Hepdl] Ax o]
A EE T YA ZAlo] E(DMSO, Sigma)S 1 mL 3718}
o] MZ2 7} 100 pLA S A #(E-max, Molecular Device,
USA)3td 570 nmollX S35 S43I3th.

mRNA &ST &0l AZA| ZE wjUd3 GG/SF slo|==
A A A A 5 mRNA SHAF-S Ldolr 7] 93] RT-
PCRE F33tutt 74, 144 2 21¥A 34H GG/SFE
PBSZ M| &3t & 1 mLe| Trizol(Invitrogen™ Life Technologies
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Co., Groningen, Netherlands)2 3 7}¢ th3 F2 €3t 1.5
mLe] EP FHol| &8 YWy 02 mLe] F2=2XE(Sigma)
< A7 F 4 °C, 12000 rpmollA] 1558 FF DalEE]sk]
mRNAZ £33t} £2]¥ RNAES Oligo(dT)12-18 Z&}o]
w(Invitrogen™), 5xfirst strand buffer(Invitrogen™), dNTP
(dGTP, dATP, dTTP, dCTP, Gibco), Rnase inhibitor
(Invitrogen™), Superscript™ RNase H SFAEH =T HE|0]
Z(Invitrogen™), DNase/RNase free water(Gibco)E 3 713}
o]  Authorized thermal cycler(TP600, Takara Bio Inc.,
Shiga, Japan)E E3lo] cDNAZE R} JHAAAZ]
cDNAE GAPDH, Al 13 Z2H(type 1 collagen, Col ), #|
28 27 (type 1T collagen, Col IT) @ SOX9 PCRE 35}
Atk PCRT 5%E DNAS 1.5%(whv) o7t 28 217
d5S 3 5, AdAd 43S SYBR 54 F(SYBRTM
Green I Nucleic Acid Gel Stain, Cambrex, UKpl 2J5}] A]z+
stati o™, 300 nm A& ZAPZ|E AR E G S 8fo
GAPDH, type 1 collagen, type II collagen ¥ SOX9 mRNA
Mol vk g BRI

SHEE 2. 7t A3 TATE 42 student’s t-test
E Aldste] p gkl 0.05 P o BARCE fofgk Zo
Z A TH*p<0.05, **p<0.01, **%p<0.001).

a0 H EE

FTIR 24. Figure 2= 294 #37] E4& B4 GG/
SFe] 3lehd gu-g A eb7] flall AAlsiit. 4 A A
g A= 0-H(3301 cm™)<} o 2~H| 2 7](1602 ¢cm™), C-
0(1024 eyt UEbsteS SR8 A2 FEHE o=
amide 1(1643 cm™), amide II(1515 cm™), amide III(1234
cm™)e] T35 RIS T Figure 28 RIS HH A
23k SFoF GGe| SA4A] ¥=E0] EFE? GG50/SF50%
GGT70/SF30014 &1s&= Z oz ®of z4zhe] A ZelM
Eivbe shehy 5480 WA ¥ F8 JAEe] FAH

b3l

o B Sk 2=
A e AE g

GG50/SF50 ¥ SFE 527 & 1Ae

Figure 3. SEM images of GG/SF scaffolds.

Zg ), A42H A2%, 20183

i Amide II
Amidel ide

S —
___——-\\\\\E_’///»M/ GG

GGS0/SF50
—”\//mo“’\

T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000

% Transmittance

3325

-1
Wavenumber (cm )
Figure 2. FTIR results of GG/SF scaffolds.
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AALE 7R N T2 ol vldl GGS50/SF5000A]
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Figure 4. In vitro chondrocyte behavioral study. SEM images of chondrocyte on GG/SF scaffolds during 7, 14 and 21 days of culturing show-

ing the cell attachment and migration.
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Figure 5. Proliferation of chondrocyte on GG/SF scaffolds after 1,
7, 14 and 21 days studied by MTT assay (*p<0.05, **p<0.01,
**%p<0.001).

A, AZAE S22 e + A o= FdETh mEA GG
GG70/SF30, GG50/SF50 AA|A| Fol| A, La v|HZolo] 3}
Fo] 7FE =2 GG50/SF500014 =2 F2180] BATHL AF
E_E]q_ 2526

MRNA 23T EOl. In vitro 37314 GG/SF slo|=2A
AAA Well 358 AFAEE 28 o wjokst 5 54
A 2wl S gelsh] 9

X

o RT-PCRS 3330t} &
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Figure 6. nRNA expression of chodrocyte. RT-PCR analysis of the
chodrocyte on GG/SF scaffolds after 21 days. RT-PCR results for
GAPDH, Col I, Col II, and SOX9 (*p<0.05, **p<0.01, ***p<0.001).

Ay oA FHE house keeping gene$! GAPDHE 715
22 Col II, Col I, SOX99] HAEE FFsHAH HERHA
T} Col I A A 9] 50%2 2}A]8hH sGAGS T4
stk G A Elzui Col [& 1 EsloA] W) 1
23 SOX9= A= Al27t tshd w), Wao] A|ZEw AE
Az 2A le} &3} Col I 2 Col 18] AIE 5o0)% A
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Flgure 6lA Al 13 F2Hll, Al 28 2Rl 9 SOX99]
A A7}, GG50/SF500014 ThE FEH 2 WSS YEt
W Ao Kol AF M PgA o= A7 A wj g AL
UTH= AS RIS o7l %L 1 glsk MTT 7349}
Sl a3 FEEgle) 54
3 S G o] HA s

[N}
rh

2 Aol e A 8RR A A3 EZS
100/0, 70/30, 50/502.2 &3}3le], GG/SF sto| =24 |7
AE Az, olo] A& AlEE FEste dF =23 ¥
Sl 28 7Fs73S @Rlsk] 918l in vitro V31 HAS
HAIBIATE FTIRS F38ted, AlZME GG/SF to| =24 #|#|
A= ATz A3 sHER10 B3 5L & fAHL
A= A& BRIFAL, MIT #4253l 7 GG/SF 3lo|=
24 AR AN L] AF ME S ES AL T3
SEM #412 3le] X|x]A2] Wl e vy 2} 2718
oI, 7zt ol A= Al B3 25 A7) -
o PS #FT 4 e, RT-PCRE T3l Aol
sh= 5ol fxzke] =g IRl L 23, GG100
7 GG70/SF30 sto]|=24 AAA| Bt GGS50/SF50 stol =2
A AAA 7 AF MES] F2S Foli, Al 28 S,
SOX9 walo] A Yehd A& g1d 5 AUt webA
GG50/SF50 sto|=24 AAAe AF 2258 AAA=Z 4
|4 7FsAde] dtkal AekE
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