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The effect of silk fibroin and rhBMP-2 on bone regeneration in rat calvarial defect model

Jeong-Hun Nam*?, Kyung-Lok Noh*?, Eun-O Pang*?, Woo-Geun Yu'?, Eung-Sun Kang*?,
Hae-Yong Kweon?, Seong-Gon Kim*, Young-Ju Park#*
'Department of Oral and Maxillofacial Surgery, Kangnam Sacred Heart Hospital, College of Medicine
’Department of Oral and Maxillofacial Implantology, Clinical Graduate School of Dentistry, Hallym University
‘National Academy of Agricultural Science, Rural Development Administration

*Department of Oral and Maxillofacial Surgery, College of Dentistry, Gangneung-Wonju National University

Introduction: This study evaluated the capability of silk fibroin (SF) and recombinant human bone morphogenetic protein-2 loaded SF{SF-BMP)

a bone defect replacement matrix when grafted in a calvarial bone defecirof/hads

Materials and Methods: A total 70 calvarial critical size defects (5.0 mm in diameter) made on 35 adult female Sprague-Dawley rats were used in
this study. The defects were transplanted with (1) rhBMP-2 loaded silk fibroin graft (SF-BMP: @g+1®) Silk fibroin (SF: 1Q«g), and (3) no
graft material (Raw). The samples were evaluated with soft x-rays, alkaline phosphatase activity, calcium/phosphatdayydnsfaagical and

histomorphometric analysis at postoperative 4 and 8 weeks.
Results: The SF-BMP group (48.8614.92%) had a significantly higher mean percentage bone area than the SF group12409%) at

(33.2615.15%). The mean ratio of gray scale levels to the host bone showed that the SF-BMP grau@.(8)d7ad a higher mean ratio
the SF group (0.6£0.09) at postoperative 8 weeks. These differences were not statistically sigrifi€aa68 andP=0.243, respectively)

The ratio of the calcium and phosphate contents of the SF-BMP+0.92) group was lower than that of the SF (13042) group at postoperative
differences
were not statistically significanP£0.126 andP=0.627, respectively) For the bone-specific alkaline phosphatase (ALP) activity, which is recognized
as a reliable indicator of the osteoblast function, the SF-BMP (288D U/L) groups had a significantly higher value than the SF group (2.65
6.47 U/L) at postoperative 4 weel(0.05) At postoperative 8 weeks, the SF-BMP (2£&8.02 U/L) group had a lower bone-specific ALP activi-

ty than the SF group (16.727.35 U/L). This difference was not statistically significat{.263) For the histological evaluation, the SF-BMP group
revealed less inflammation, lower foreign body reactions and higher bone healing than the SF group at postoperative ksaffth@® Slegroup
revealed more foreign body reactions at postoperative 4 weeks. However, this immunogenic reaction decreased and theneftedamtatérial

was observed at postoperative 8 weeks. For histomorphometric analysis, the SF-BMP group had a significantly longer bmtetdétegtpth ratio

4 weeks. However, the SF-BMP group (0£531) had a higher Ca/R@tio than the SF (0.680.04) at postoperative 8 weeks. These

than those of the SF group at postoperative 4 and 8 weeB<£6)

Conclusion: The rhBMP-2 loaded silk fibroin graft revealed fewer immunoreactions and inflammation as well as more new bone formdtéon than t

pure silk fibroin graft. Therefore, silk fibroin may be a candidate scaffold for tissue engineered bone regeneration.

Key words: Silk, Fibroins, Recombinant human bone morphogenetic protein-2, Bone regeneration, Tissue scaffolds

postop-
erative 4 weekd3<0.05) In addition, the SF-BMP group (40:012.43%) had a higher % bone area at postoperative 8 weeks than the SF group
level than

[paper submitted 2010. 6. 7 / revised 2010. 10.15 / accepted 2010. 10. 19 ]
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(BMP)& Urlst17} 2R A, M|zutan|9} Urist= Q1 7k9]
T FTHMEEFE BMPE £838t &5 Eil skt Sato
9} Uristi= BMP2] olu| - Al 7| ES B89 24
wj Fell A BMPE R B F2¥ A& vl Fstd o,
9] & recombinant BMP} ¢ %]

mkﬂ m&n

Wozney 5-40j| A HA

71E9 AFoA BiH BMPE Xf/F9 234, %%%
M3, Z|ote] AxZ T F8 FEH AR A FEF
o] AlgtE o] o HA E EZATE T HI
of efM = AR 227w MEE e BMPE THs
T A At BMPE o2 vl g T Fof] Bl gto] &

% A5 F05014 S A4 wErhs S40] gk

S, - =
BMPE= n| B3 7 M| & AZAN ZU ZZAEZ B34

A WAEE= Ao F Equ ] 9] 37, recombinant human BMP-

2 (hBMP-2)= 214 gk &9k w7h A o 37 2= o =
2&g Arste fEatden 2A46 Qo) T 237}
ojv] & <&zl WF rhBMP-29] X WE o] 753k A A A
o] 177} Bol A= H T gl

ZAZG A AAAE MELY7)FDY X D AHESA
753t fAbsl oF Bk F, AN AH O R BE AA T 5
ol GERAL AL Surshe A8 W4T 24
o 1x¢ 715 S 2Ad ok Bk H2 oG AYAE
polymer (hydroxyapatite, hyaluronic acigte] A A A 5
polylactide-co-glycolide acid, polylactide a&e?] 3+4] poly-
mer)} hydrogel 5 2ol ¢4 AA 84, 443
AAH B4, AR R B3 T scaffold’} 23S
uky 9] THe,

Foll 2z o] Ao A F
QA AAAZA B o] T
T A77F 2] AP H A Aok SR A

5

S, 449 A4 42

= =y

w2 9l silk fibroin (SF)
[e}

=
11 AL, 015 o] &3

1-)4 m{w
r.VL

M
ol

d f = g A2 &4 7 bone morphogenetic protein

YA FHEZ L2 M e T Y B OJAA7E SR O/X]= S

£ 7HA T 9 THes Ao ik £8 HEAY A E, 5
AE B BEEY ASHG O, 2eols A2 4
FobAE WY B3 FAHAT A3 AAA Y AZ
9 Zop T AAE HIHT 90 0RE Tl E
A7k Bdste] 4 b AAAE o) §F SAA o)
& 837} g gepEn

B AT WA FA2AE RS B SF
thBMP-223 ] 24452 2% she] thBMP-29] S
24 SFe] 84S %715 sl

1. SIFCHAL 2 ey

1. SFe| M=

SFE #h=15E718 % ALt Biogreert 1 -(Suwon,
Koreapl| A Al gk oxth Al 24 & 8 oFatH, Fol 2L of
N ABANAL FESY, HET AFS LAE] A6 2 A4
] 7] <l HIFMJ:% A A &AL Ibrom“J %74 AR, &

2. rhBMP-22| ZH|

A g AL rhBMP-2 (R&D systems Inc., Minneapolis,
MN, USA)= T #2H 9 daA oA 2dH o
human BMP-Z 32 A Z35 Ao 2, Al 2ALe] A1

o ek ALg 3Tk

A = 250-300 gn®] 85 % ¥ Sprague-Dawley: A
(Oriental Bio Co., Seoul, Korea) 8h] = Al&3lg o, 9
AA| o A7) kel ek 3 Lo 2 EHEte] AP
SF-BMP:, SK#, Rawet 2 7t 12 vhg]o|m, & 45, 8
Z 717+ 0 2 6ube] 4wk 51 9] th.(Table 1)

A8 E &5 Xylazine 20 mg/mL (Rompun, Bayer korea
Ltd., Seoul, Koreaj} Tiletamine 25 mg/mlz} Zolazepam 25
mg/mL (Zoletil 50, Virbac Laboratories, Carros, Frarsge}
ol (1:3 323)v], 0.4 co, 87 W) AL AHE-3to] ohA 3
ATk AFERE ARFT TN E $O2 253 5, 1) Fo
}\1 kex =z /\]_o],] _'_7H»:_}\] }\]-E?SL_O_ TI}E]— ok 2 cm7]-E]:9]
AN 7he the 29 EPeE WS AT FA
Z7HA =& A1 A tF. 5 mm trephine bur (Ace Surgical supply
Co., Brockton, USA3} Max. 32,000 rpnd] A& =3 J| E
(Sae Yang Machinery Co., Daegu, Korgay} & &lo] &4 £
o A7 5 mme] AHAEEES F=o] 2744 A AT
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AAG 2342 F3F4F) ZH(Capt A2HPQ)S B F
ZHo) Ag37] A8 WERAGAT e B &
3 2 oxidized cellulose (Surgicel, Johnson & Johnson Medical,

New Brunswick, NJ, USAE o] &3&lo] A&ttt 24¢
B = 104g°] SF} 0.84g9] rhBMP-2Z o] £3}¢f 7} 7 9]
Zg ol BHA
& Johnson Medical, New Brunswick, NJ, USARE £-3} 5}
th A8 4%, 85 T 2 AP EEEL o] 43 EA(CO) A
4 Estol A4 B AE F R

AHE 24L& 748238 soft x-ray (CMB-2, Softex Co.,
Tokyo, Japang &A% 20 kVp, FAF 2 mA, &A1 7F 2
ol 27)0 2 MAAAAS ASSAT. BANLE
(Biomax, Kodak, Rochester, NY, US&) tjx & ~7 4
(Cannon, Tokyo, Japa#) o] &3l tjxjgd Ao 2 W3l

saow, FAYFAA FA 2 FE367] Ho IArA

YT 2 gAE A7 (OPTIMAS, version 6.51.199, Media

Cybernetics, L.P., Silver Spring, MD, US&) o] &3} &3}
=(gray scaley) %A & ZH33ich EF §5@ o] n)
of Ayl g WA M2 AT 29 L v
aho} AR A 2] ¥ &S AT

RZ=2E

5. ZAZ==z2k alkaline phosphatase (ALP) &AM 4l
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3 4C, 13,000 rpm, 18 < QA E 38 o} &
7](Labconco Co., KC, USA)| ¥ o overnightt & A %]
&9 AHe8) A25 TS S4SA

1) ALP &A= £4

ALP &7 = = para-nitrophenyl phosphate (pNEP)F €
p-nitrophenolate] A7+ ] &2 ¢l & 4] o]a) =3 (405 nm
oA Rl Arf &
assay kit (Bioassay Systems, Hayward, CA, USA)} £ 35} %
t}. 96 microtiter plate wedll W ==& 30uLE A 715k Th
g AAs] s A welldl A W3 ool 2004

7t HE=s
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o] 4891 22, ¥ H = 5-0 nylon (Ethicon, Johnson

Z*)= = QuantiChrom alkaline phosphatase

working solution (assay buffer, pH 10.5, 5 mM Mg

acetate, 10 mM pNPR) A1 &3] H7lsty & 2ol FUoh
405 nnvl| A 7] F3 =9 4% A 3 $ 5335 & microtiter

plate reader (Powerwave X340, Bio-Tek instruments, Inc.,

Winooski, VT, USA)E o] §-3te] Sdet3ith ALP 84 =
s Umgw AZXZHFO 2 AR on, 1Us A4 1
BF71d 1pmold] AHE 2 9] M Ee 2 Aofstginh.

2) Ca#} PQ.9] A

RN

Ca 3} PQ&] &4 2 QuantiChrom calcium phosphate assay

kit (Bioassay Systems, Hayward, CA, USAW}-&-35}o] £
stk AxH W E 3|5t o Yo 700C, 247+ 53t 54
A7t 2 Q7R B9 Cat Adet f718 A= AAA
t}. 3|57 2 A 2= 6 N g4 3mLE ¥ ol 4C overnight
A1Z1 S, Whatman paper #1 filtering 3} 31t} Cadk2 10
W2 343 A5 5ulE 96 well platell 3 7}3}2 working
reagent 2001L H7F & AL A 3R v A o H, 612
nmol| A &3 % E microtiter plateg o] &3t =439
POk =42 Q& 1000] A3 A& SOpL% 96 well plate
o M 7133 reagent 10QL 7} 3 A 20 A 30& 7+ W&
A7) FEE 620 nnel| A &4 % g F of 2 stan-
darde] =& vl st MEe) }SA Tt

FU'\N' o?r‘_,
Oll

=2 =
= 5
=
TE

Soft x-ray &} ¥, 7t A2 Aue 273 % 21y
35 248 98 A 7 22 10% buffered
formaldehydel 274 3} 2™, 10% formic acidE €3] s}
1;]. }\])\]-_‘E‘_b‘]—oﬂ ;ﬂ7_}0§ ﬁ/\lﬂ/] 141:2 _Lé‘;]-s‘]_o;] ook
-9 trimming g 5 stetddl] Eejetdth. E5& 4 mm
S 2 A3k & hematoxylin and eosin (H&EJ Massons
trichrome (MT) Z12] 2 osteocalcind & & A & &}l th. MT
AL AP 3 Eeo]l= g AL ArtixScan 4000TF
(Microtek, Columbia, MD, USAY 2 o A3 Al(scankt &

SPOT version 4.6 (Diagnostic Instrument, Inc, Sterling. Heights,

Fig. 1. Midsagittal reference line for histomorphometric
analysis. A. Harvested calvaria, B. Soft X-ray image.



MI, USA)o. 2 5}7¢ sh(capturept Aot =24 @Bl 544 £4 2

1.2590 o] vl & 2 o] A -9lel A A 22 Aol WA S A

=3t Al Aol 8 A tf 3 214 & ©] ¥] &2 Optimas
LZE O] L2IHE T3l ¥4, Altet sl (Fig. 1)
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7. SA

1o
c3

}_;glaggﬂtﬂ-x% u},\}/\ﬂzﬂ-x% 14 ak;ﬂ HH O EOH g

I+ Statview version 5.0.1 (SAS Institute Inc, Cray, NC,
USA) B4 Z2 195 o] £35}4] one-way analysis of vari-
ance (ANOVA) testz 4 3t5ith. 414 9l Astr} 2
25 ™ a pairwise multiple test Fisher s protected least sig-
nificant difference (PLSDE ©] £ 3}o 7} ++& v &5l
P-valuer} 0.050] 3k &) 7% f-2) 4 gl Zo] 2 7+F-3k A oh.

EEFES 5% 4F 355901} Rawg 877} 1t
A AT e 7 29 AR E RS SF-

Raw SF SF-BMP

YA FHEZ L2 M4BT Y B OJAA7E SAe40] O]

rIr
0Q
o

Aol ot el g Bd 2SS BANA g
t}.(Table 1)

S|

-

M
A

2. HFARM

Job
HI

FEA4F A4 NAZE A S SF-BMP(48.86+
14.92%)] SF(24.96+ 11.01%)&@ EAAS R &9
B okth.(Fig. 2,P<0.05)FH Lol JAA F¥ Fd=ol of
3 A Z o] 1] &S SF-BMP#(0.70+0.07)7 SF+(0.70+
0.09)] Raw(0.67+0.12)5 t} th 4 =9ko ) §o 42 ¢l
2 th.(Fig. 3,P=0.418} P=0.424) 5485210 Al = A1 A =
& 4 o] SF-BMP(40.01:12.43%)] SF(33.26+5.15%)
B gotoy BAACE fod Aol AN, (Fig. 2,
P=0.168)FH AAZ 3 AN Fo FIUE H & BA QAT
SF-BMP:%(0.67+0.08)°] SF£(0.61+0.09)5 T} =9kA] ot
AL gl9loh.(Fig. 3,P=0.243)

3. Dry weight, ALP M 2l Ca/P0O, MZHEM

1) Dry weight

TE 453}, 8F Ao A 7} *“594 dry weight> SF-BMP
T, Rawg, SFE 0|31t % 4574, 853} B5d| A
SF-BMPZ-©] SFi-oll Hlal FAIA o= Fo74 A #3

45_ -
40
%_
30 4
25
20
15 -
10
5_
0_

Raw SF SF-BMP

Fig. 2. % bone area of densitometric analysis. A. The SF-BMP group (48.86+14.92%) had a significant higher value than that
of SF group (24.96+£11.01%, *P(0.05) at postoperative 4 weeks. B. The SF-BMP group (40.01£12.43%) had a higher
%bone area than that of SF group (33.26£5.15%) at postoperative 8 weeks. This difference was not, however, statistically

significant.(P=0.168)

(SF: silk fibroin, SF-BMP: recombinant human bone morphogenetic protein-2 loaded SF)

Table 1. Animal grouping

N (sites/animals)

Groups A weeks 8 weeks Composition Graft
SF-BMP 12 (6) 10 (6) rhBMP-2 loaded silk fibroin 0.8+49
SF 12 (6) 12 (6) Silk fibroin 1@g

Raw 12 (6) 12 (5) Raw defect None

(SF: silk fibroin, SF-BMP: recombinant human bone morphogenetic protein-2 loaded SF)
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A

Raw SF

SF-BMP

Raw SF

SF-BMP

Fig. 3. Gray scale ratio to host bone. A. The SF-BMP group (0.70£0.07) and SF group (0.70£0.09) had a higher value than

that of the Raw group (0.67+0.12) at postoperative 4 weeks. These differences were not,

however, statistically

significant.(P=0.418 and P=0.424, respectively) B. At postoperative 8 weeks, the SF-BMP group (0.67%0.08) had a higher
value than that of the SF group (0.61%0.09), however, it was not statistically significant.(P=0.243)
(SF: silk fibroin, SF-BMP: recombinant human bone morphogenetic protein-2 loaded SF)

Table 2. Dry weight

Groups 4 weeks (mg) 8 weeks (mg)

SF-BMP 635.8321.09 32.1%23.05
SF 611.75-4.03 7.00£2.83
Raw 616.83-13.35 28.1%13.47

(SF: silk fibroin, SF-BMP: recombinant human bone morphogenetic

protein-2 loaded SF)

t}.(Table 2,P<0.05)

2)ALP &4 =
S %ol &4 5 PQEr substrate] hydrolysiss <7}
Al A orthophosphaté s Cags AN A A
Ao 2 Ax7F He ALPZA == 452}l 4 SF-BMP
;}(23.7]_8.60 U/L)e] SF*(12.65+6.47 U/L)E o} <] 3}
Al = RXIL(P<0.05), St M= AR 723 Apo]
= 9191} SF-BMP#(21.65+10.02 U/L)Y] SF(16.72+
7.35 U/L)E. t} =gkt (Fig. 4,P=0.263)

3) Cag PQ:e] % 244

Ca?l 7 4% }o] A SF-BMPZ(28.67+14.28 mg/dLy|
SF(12.53+5.01 mg/dLy} Raws(12.16+4.63 mg/dL) .o
49317 =9 7.(P<0.05), §=3}ol) A = SF-BMP: (28.56+
20.44 mg/dLy] SF(2.83+1.38 mg/dLy.t} 2] a7 =5t

Table 3. Histomorphometric analysis

t}.(Fig. 5,P<0.05) PQ2] A 43 x}e| A SF-BMP(30.77
+12.52 mg/dLp] SF#(12.28+11.87 mg/dL)3 Raws*
(12.06+6.99 mg/dL) o} 2| 514 =9} 77(P<0.05), 8 2}o]
= SF-BMP(34.09+12.37 mg/dLy| SF(4.25+2.34
mg/dL)E o} EAH 0 2 F9A AA =%t}.(Fig. 6,P<0.05)
T 71 =S4 maturation level] =2 =343} = (degree of
matrix mineralizationfg Y}t = Caz} PQR| & (Ca/PQ) 9
7S 47 zte] SFZ(1.90+1.42), Raw(1.15+0.36), SF-
BMP=(0.93+0.22) 2=0]¢1 7, 8% 2} A= SF-BMP(0.75
+0. 31) Rawg-(0.71+0.14), SF(0.68:£0.04) <=0] 3] 2.1}
EAH &9 4L 92 th(P=0.1262} P=0.627)

*Oﬂfﬁ *“3* 7.4_01“ 4—r7<}°ﬂ
SF-BMP- ] SFol Hl?‘fﬂ o4 A =3k (P<0.05), &
2ol = SF-BMPT-©] SF+3F Raws-oll vl&f 2] sFA =9
th(P<0.05) A1 & ™ & o] M = 452} 9} 852} B 5ol 4 SF-
BMPo] b2 #H T 52 FA & HAAT TAHCE #
o1%k AFo = 11 th.(Table 3)

Bone length (mm)

Bone area (rfjm

Groups 4 weeks 8 weeks 4 weeks 8 weeks
SF-BMP 0.36+0.26 0.45:0.44 0.013:0.013 0.0270.041
SF 0.24+0.82 0.13t0.16 0.002+0.007 0.008-0.009
Raw 0.16+0.20 0.9A40.14 0.0110.018 0.002:0.002

(SF: silk fibroin, SF-BMP: recombinant human bone morphogenetic protein-2 loaded SF)
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25
225
20

15
125
10
75

25

SF SF-BMP R SF SF-BMP R

Fig. 4. ALP activity. A. The SF-BMP group (23.71£8.60 U/L) had a significant higher value than that of the SF group (12.65%
6.47 U/L) at postoperative 4 weeks. (*P(0.05) B. The SF-BMP group (21.65+10.02 U/L) had a higher value than that of the
SF group (16.72£7.35 U/L) at postoperative 8 weeks. However, there was not statistically significant difference.(P=0.263)
(ALP: alkaline phosphatase, SF: silk fibroin, SF-BMP: recombinant human bone morphogenetic protein-2 loaded SF)

A . B
30 % : % 407
1 35
25 i ]
] 20
20 : o5
15 - 207
15
101 - 1
107
5_ -
O_

SF SF-BMP Raw SF SF-BMP R

Fig. 5. Ca®" quantification. A. The SF-BMP group (28.67£14.28 mg/dL) had a significant higher value than that of the SF
group (12.53+£5.01 mg/dL) at postoperative 4 weeks. (*€0.05) B. The SF-BMP group (28.56%+20.44 mg/dL) had a signifi-
cant higher value than that of the SF group (2.83+1.38 mg/dL) at postoperative 8 weeks. (*P(0.05)

(SF: silk fibroin, SF-BMP: recombinant human bone morphogenetic protein-2 loaded SF)

A B

45

40 7

35‘_
30'_
25
20

15 A
10 1

5

O =
SF SF-BMP Raw SF SF-BMP R

Fig. 6. PO+ quantification. A. The SF-BMP group (30.77£12.52 mg/dL) had a significant higher value than that of the SF
group (12.28+11.87 mg/dL) at postoperative 4 weeks. (*P(0.05) B. The SF-BMP group(34.09+12.37 mg/dL) had a signifi-
cant higher value than that of the SF group (4.25+2.34 mg/dL)at postoperative 8 weeks. (*£(0.05)

(SF: silk fibroin, SF-BMP: recombinant human bone morphogenetic protein-2 loaded SF)
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Fig. 7. A. Postoperative 4 weeks.(H&E staining,
original magnification x100) B. Postoperative 8
weeks. (H&E staining, original magnification
x100) C. Postoperative 4 weeks.(Masson's
trichrome staining, original magnification x100)
D. Postoperative 8 weeks.(Masson’s trichrome
staining, original magnification x100) E.
Postoperative 4 weeks. (Osteocalcin immunoreac-
tive staining, original magnification x100) F.
Postoperative 8 weeks. (Osteocalcin immunoreac-
tive staining, original magnification x100) (rhBMP-
2: recombinant human bone morphogenetic pro-
tein-2, SF: silk fibroin, SF-BMP: recombinant
human bone morphogenetic protein-2 loaded SF)

Fig. 8. A. Postoperative 4 weeks.(H&E staining,
original magnification x100) B. Postoperative 8
weeks. (H&E staining, original magnification
x100) C. Postoperative 4 weeks.(Masson's
trichrome staining, original magnification x100)
D. Postoperative 8 weeks.(Masson’s trichrome
staining, original magnification x100) E.
Postoperative 4 weeks. (Osteocalcin immunoreac-
tive staining, original magnification x100) F.
Postoperative 8 weeks. (Osteocalcin immunoreac-
tive staining, original magnification x100) (rhBMP-
2: recombinant human bone morphogenetic pro-
tein-2, SF: silk fibroin)



V. 1

[ld

£ AN E MBMP-2] S0 8 2AY ) A
A SFel 84S BN LA WA FATAE RUE o)

ohel tBMP-25} SFel 4419] 241458 54 shal
POl LAZRY F23HE SFS AF ey AA A5l
o AAW M A L LY BASE 5o 4
eknn Jeu} SFE o] §¢ of e AN 93
A9 W20l 9ol BRAL I & AT A
402 $5% SFS ol 43 A%, 270 o] &
M LAE S AAAE S 28 o

fA

T o2 B o N oo X oo

oy 2 HE ooy

ro,

=3

EE

> 5

vs)

<

'U

3(_,

é

1 o

n =

r1~' o

oﬁ olN

o
file e
i

oM Mo N orloofoofy 12 do & WO

/\E BT 01041:]- TIB‘} SF-

] H 3] AA R Fio| ZA
v] 0] thBMP-2= SFe] ]

A4 ZX*O]-}AH]O{L HE o

, SFIES rhBMP-29] = A A4 9L 35}

A 8RB o A "’LD]EQ}/‘\J"

EEAA "r-r]/] Uﬁ_z—ig ZA3) B

A

o

0]
X
_>|J_Al
K-
X
O
i
r“r’ [‘10
o
3@ ¥ T o

2
<
o
3L

2

¢

T
olo
o
o Jo o Hi

FE’
(U
o N,
&K
i)

z

S~

=

2

A

o=

H

fil

32 g
o
)

ST T
2 o

S{’_I

o s

= rr
yu)

M or

i

oz

wn

!

e

ke)

N

ﬁ

©

_1

_>|44

}{1

—[n

-

>
e
>,\I
)
]
o)
S 1o ek ox
ﬁ ox off
o

N
-~

pou)

[o

o
O
n:)
‘r
BN
N9
19 ©
Y l‘
f~
=l >
:1

ol
-

:,Lo] raw defech healing phasd|
= 2 Ca/PQuH| &3 ALPEHA T & 1}
H o} A] %ZH*E«] NEZE A7 E 5 A

O o T orjr 12 o
R o)
R og rlr x
i
u\-r nﬂ

o
2

AbEH SFE & Ak 350 kDee] At = A o]
== HAAE e, Ul &%
dE A AT =, SFe] 2hA] 8
7F dojuiA A= A E o
w2l ol FEH, o] HA A B
A2 mgo] HastH, FHo A=) AH=
oot 2YE e ARrdzel AgwAd A A H
, ol A7FZ ol 4 Al A A & €] direct contact] W =2 7
BoHT 30 AARL Qe FHS ol AA%E e
TAN AZE AT AR EE, FalHE B
Qg e ok % gy AAE So| B3
ol s @S FRIIT G5 o EEL
@ oz wuAe, dAAs) e 2, 4 E
Y AE AN} ZH 5L IE S T Zhaw&
in vitro 1 7ol A SFo] Rat Genome Database (RGB)E}©]
=k stetd AF A 2Pl folaA FHE ¢ was
itk SF hydroxyapatites- g A 9] in vitrod + & Kinog»
S QxRS ALP AT o =715 B3, Zhao
2. SF-hydroxyapatited 3 4l 7t 2R A 9 247} 4 &
of 28-S Bkl 3k Kirker-Head 522 SF scaf-
foldol P &7 2, TP S o] &3 AN T A3

fass =l

Ir o,

ofl 2

A

oo o =

o 2

= >
>
ol

l'ﬂ.] HE r

N
)

d

g
rlo N
>

2
s
b

FE_EL

il

o
[

L
rer

4o

YA SHBZ DY M3

TUH

SAIE OAHIF ST 0jFl= HE

AA Zo] frolatA et A=
+ SF] A7 & EolAY, A FS 5
315 65 ool o] & U&= Ao] B
23} 2] 2] 3k SF o] 2] 2] 7} in wtro*oPOH A1 ALPEA T 1 col-
lagen type 1, fibronectig} o] dose dependadfr] =71%+=
AIE A2, in vivod & ol A & platelet-rich fibrire} & A]
ol AE W A T AHTt HIH“EP“B. ‘Ef&
HZ EAE AA7|£ 2 glycosylated proteig] 29 g ¥
st A ISt A ol M S, HAnkgo] Qe FHE

Az e o2 dEA AY=
5T o, SFE Al U A G
o] &3 A F A THANM AAAZAM ] TH=
T I AAETE dEolENkeS Fola Al xEel
A MBEE AT AAGY 2HTS o
1 A+7F d 8t A 7tk

v.Z2 £
2 AFAAE A FAHEAET A AAAA
SF rhBMP-Z % ¢tste] tha 3 22 235 4t

1. rhBMP-22 #7}38 SFS o] 48 79 SFy o] 4 3 7
FHO ZAA 5] 5k, 53 g ol Hls) 4
AR FHAA A FE7F Bol dojwon, 4543t
ol %‘%J"Ol ﬂ*ﬁ‘rlﬁl , BFAMA A5 H o] &t
SOl L Az Aok

B AFE 5 HH ZAFA ZAAY ol dolA SF&
5O 2 A3} ED}b rhBMP-2¢} = 3}3t= Zlo] o
T, ol I FAN T TS H8l SFe &
AA v AR g 22 AAe] 2 ggAaeke] &
ol gk F-7hA < AFE ARSI Qi ohaL A 7t gkt

References

. Urist MR. Bone formation by autoinduction. Science 1965;150:

893-9.

. Mizutani H, Urist MR. The nature of bone morphogenetic protein

(BMP) fractions derived from bovine bone matrix gelatin. Clin
Orthop Relat Res 1981;171:213-23.

. Sato K, Urist MR. Bone morphogenetic protein-induced cartilage

development in tissue culture. Clin Orthop Relat Res
1984;183:180-7.

. Wozney JM, Rosen V, Celeste AJ, Mitsock LM, Whitters MJ,

Kriz RW, et al Novel regulators of bone formation: Molecular
clones and activities. Science 1988;242:1528-34.

. Sampath TK, Reddi AH. Homolgy of bone-inductive proteins

from human, monkey, bovine, and rat extracellular matrix. Proc
Natl Acad Sci USA 1983;50:6591-95.

. Chai Y, Slavkin HC. Biology of bone induction and its clinical

applications. Oral Maxillofac Surg Clin North Am 1994,7:739-
53.

. Wozney JM. Biology and clinical applications of rhBMP-2. In:

Lynch SE, Genco RJ, Marx RE, eds. Tissue engineering: applica-
tions in maxillofacial surgery and periodontics. Chicago:
Quintessence; 1999:103-10.

373



J Korean Assoc Oral Maxillofac Surg 2010,36:366-74

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

374

Komaki M, Katagiri T, Suda T. Bone morphogenetic protein-2

does not alter differentiation pathway of committed progenitors 22.

of osteoblasts and chondroblasts. Cell Tissue Res 1996;284:9-17.
Nam JH, Park JC, Yu SB, Chung YI, Tae GY, Kim étal

Bone regeneration with MMP sensitive hyaluronic acid-based 23.

hydrogel, rhBMP-2 and nanoparticles in rat calvarial critical size
defect (CSD) model. J Korean Assoc Oral Maxillofac Surg
2009;35:137-45.

Geiger M, Li RH, Friess W. Collagen sponges for bone regenera-
tion with rhBMP-2. Adv Drug Deliv Rev 2003;55:1613-29.

Lee JH, Kim SM, Park JC, Sung MA, Yu SB, Nam &Hal

Bone regeneration with hyaluronic acid based hydrogel-nanopar-25.

ticle complex and rhBMP-2 in rat critical size defect model.
Tissue Eng Regen Med 2009;6:730-8.

Sakiyama-Elbert SE, Hubbell JA. Development of fibrin deriva- 26.

tives for controlled release of heparin-binding growth factors. J
Control Release 2000;65:389-402.

Kim HD, Valentini RF. Retention and activity of BMP-2 in
hyaluronic acid-based scaffolds vitro. J Biomed Mater Res
2002;59:573-84.

Chung YI, Ahn KM, Jeon SH, Lee SY, Lee JH, Tae G. Enhanced
bone regeneration with BMP-2 loaded functional nanoparticle-
hydrogel complex. J Control Release 2007;121:91-9.

Saito N, Okada T, Horiuchi H, Ota H, Takahashi J, Murakami N, 28.

et al Local bone formation by injection of recombinant human
bone morphogenetic protein-2 contained in polymer carriers.
Bone 2003;32:381-6.

Boyan BD, Lohmann CH, Somers A, Niederauer GG, Wozney 29.

JM, Dean DDgt al Potential of porous poly-D,L-lactide-co-gly-
colide particles as a carrier for recombinant human bone morpho-
genetic protein-2 during osteoinductionvivo. J Biomed Mater
Res 1999;46:51-9.

Sung HJ, Meredith C, Johnson C, Galis ZS. The effect of scaf-

fold degradation rate on three-dimensional cell growth and angio- 31.

genesis. Biomaterials 2004;25:5735-42.

Dal Pra I, Freddi G, Minic J, Chiarini A, Armato U. De novo en-
gineering of reticular connective tissuevivo by silk fibroin
nonwoven materials. Biomaterials 2005;26:1987-99.

Horan RL, Antle K, Collette AL, Wang Y, Huang J, Moreau JE, 33.

et al. In vitro degradation of silk fibroin. Biomaterials
2005;26:3385-93.

Gosline JM, DeMont ME, Denny MW. The structure and proper-
ties of spider silk. Endeavour 1986;10:37-43.

Furuzono T, Ueki M, Kitamura H, Oka K, Imai E. Histological
reaction of sintered nanohydroxyapatite-coated cuff and its fi-
broblast-like cell hybrid for an indwelling catheter. J Biomed

24.

27.

30.

32.

34.

Mater Res Part B Appl Biomater 2009;89:77-85.

Wang Y, Blasioli DJ, Kim HJ, Kim HS, Kaplan DL. Cartilage
tissue engineering with silk scaffolds and human articular chon-
drocytes. Biomaterials 2006;27:4434-42.

Kirker-Head C, Karageorgiou V, Hofmann S, Fajardo R, Betz O,
Merkle HP,et al. BMP-silk composite matrices heal critically
sized femoral defects. Bone 2007;41:247-55.

Karageourgiou V, Tomkins M, Fajardo R, Meinel L, Snyder B,
Wade K, et al Porous silk fibroin 3-D scaffolds for delivery of
bone morphogenetic proteini@ vitro andin vivo. J Biomed
Mater Res A 2006;78:324-34.

Meinel L, Fajardo R, Hofmann S, Langer R, Chen J, Snyder B,
al. Silk implants for the healing of critical size bone defects.
Bone 2005;37:688-98.

Jang ES, Park JW, Kweon H, Lee KG, Kang SW, Baek éH,
al. Restoration of peri-implant defects in immediate implant in-
stallations by Choukroun platelet-rich-fibroin and silk fibroin
powder combination graft. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod 2010;109:831-6.

Lee EH, Kim JY, Kweon HY, Jo YY, Min SK, Park Y\t al A
combination graft of low-molecular-weight silk fibroin with
Choukroun platelet-rich fibrin for rabbit calvarial defect, Oral
Surg Oral Med Oral Pathol Oral Radiol Endod. 2010;109:e33-8.
Kim JY, Choi JY, Jeong JH, Jang ES, Kim AS, Kim &6Gal

Low molecular weight silk fibroin increases alkaline phosphatase
and type | collagen expression in MG63 cells. BMB Rep
2010;43:52-6.

Minoura N, Tsukada M, Nagura M. Fine structure and oxygen
permeability of silk fibroin membrane treated with methanol.
Polymer 1990;31:265-9.

Santin M, Motta A, Freddi G, Cannas M.vitro evaluation of
the inflammatory potential of the silk fibroin. J Biomed Mater
Res 1999;46:382-9.

Cao Y, Wang B. Biodegradation of silk biomaterials. Int J Mol
Sci 2009;10:1514-24.

Zhao J, Zhang Z, Wang S, Sun X, Zhang X, Cheet Al
Apatite-coated silk fibroin scaffolds to healing mandibular border
defects in canines. Bone 2009;45:517-27.

Kino R, Ikoma T, Yunoki S, Nagai N, Tanaka J, Asakuret Bl
Preparation and characterization of multilayered
hydroxyapatite/silk fibroin film. J Biosci Bioeng 2007;103:514-
20.

Zhao Y, Chen J, Chou AH, Li G, LeGeros RZ. Nonwoven silk fi-
broin net/nano-hydroxyapatite scaffold: preparation and charac-
teristics. J Biomed Mater Res A 2010;91:1140-9.





