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[ Abstract] Tendon/ligament injury is one of the most common impairments in sports
medicine. The traditional treatments of damaged tissue repair are unsatisfactory,
especially for athletes, due to lack of donor and immune rejection. The strategy of tissue
engineering may break through these limitations, and bring new hopes to tendon/
ligament repair, even regeneration. Silk is a kind of natural biomaterials, which has
good biocompatibility, wide range of mechanical properties and tunable physical
structures; so it could be applied as tendon/ligament tissue engineering scaffolds. The
silk-based scaffold has robust mechanical properties; combined with other biological
ingredients, it could increase the surface area, promote more cell adhesion and improve
the biocompatibility. The potential clinical application of silk-based scaffold has been
confirmed by in vivo studies on tendon/ligament repairing, such as anterior cruciate
ligament,, medial collateral ligament, achilles tendon and rotator cuff. To develop novel
biomechanically stable and host integrated tissue engineered tendon/ligament needs

more further micro and macro studies, combined with product development and clinical

application, which will give new hope to patients with tendon/ligament injury.

[ Key words ] Bombyx; Tendon injuries; Ligaments; Scaffolds; Reconstructive
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[ J Zhejiang Univ ( Medical Sci), 2016,45(2) :152-160. ]

LR )7 1 475 e W A Do 3h R Gt i 2
—, W RETAE Rz S R TE S RE T P RE. %t
T, BB IE 3000 T3 R 232 U R A 45
GiR ARG IAYT o e, LR AR Gy
B 5 WLA B R GBI 45% , 31X — Ll B
HizzhZ 5 M O 1 AL 34 AT 76 A W7 L
TH2 o U A S 5 405 11 24 A 55 358 43 407 4
SEATEA T AR 5 8 i R A e e LR R
Wl L I BRJEE RSSO R A )
Ao U AN 005 59 B SR B A TR A 2
R A1 SV AR IE #4192 bk Bl R R
o MLGRIT T BB IR IA)T ES | RIS
R RN TR EACAE . SR, X 287795 1
DXFRAL A B e 4 e HEFe AR B A
PIAR A LA R g 2 PR RE AR T S 0 42 W 3
AT W {4 2 2 M JC R B D i1 2
S48 EE M I A E , DT R BE A 31 4 N 58 42 R 1Y)
I RYGY AR, JE AR L = K i SE s 2l 57

B TSRS O Ab , Fi S B B3 SR iR T AN 2
B YR A LIPIRAE IR O T B S 4 IR Y
MERERNZE T (AR DRt # 5 RS A AU L
REE RO 1A= A 5 1) D5 9 B A A F Al PR 7
SCRISEHIHE o

W& “ HA TR S nR SR e it
AP BB B, HA TR = U R
R4 S AR BT RRI A B B 5
i RN T AR ERAE A ME S TR AN AT R
SCHRBEREAR L AR KA T AR i A E A
Hollister %1% % 48 t 37 A1 DU A SCHE R 1 < TR |
WlE IIRERIE i, a7 28 H B AR $6 4R HoAT —
TE 25 ] BOMBRAR R AL 5 [ 52 45 SZ Bl g5 T
i R TIRETR SCARREMS BT R AR Uy 2
Yy 1122 DIRE s T AR SR AL RE S5 5 07 A L
MIER 2 H . HAARr BB AR (R
T EMIUN RS X T LRI 15 05 7 A4 3R
J7 AR, e FE B A P AT T DL OB S i



- 154 - WL R 2R (E2ERR) Journal of Zhejiang University ( Medical Sciences )

FEFITELH AR ok A8 v a] AHRPT L B2 5K T, R
BE AL, HErHE AU 22 TR S
FHE NN LA AR TIR AR, N LA
PERR 25 B R DL 55 TE 5 LR )+ A EL L,
B HCAE Ry SNG4 Jo 2 75 XA LAAA 328 193 52 el 1 AN
PRI R AR A Wy A RE (i B 40 i B e B
O GraftJacket® ' DL K Restore® 25 ) iy 3=
B S v BE AN A B SN BT, A=)
AHASPERLAS o SR, HE Bk B 2 T0 1k 1 A2 UL 1)
I )P 20R TR S R W L, JE TS MR AL
PRGN A 22 Je— i I\ 7 g v R B O
1Y RSREE 5T, BAT RN R AP0 12 VERE LU
A P AR SR RT S B AR W R A I o X — R |
SO T LA AR Bk, S SRR R B AT 2H 21 T AR
SCERTT R R 32 AL

1 TLWEWEER N R

1.1 &2 45i

A AT R A 2 RS54, B A i iR
A b e A A A3 M, 2R AR 2 SO B R
HIEERSNLIREAM2LZEA ., 2REAR
LRI TN E N, H25% ~30% . 22 ZE E
TERZZ RO R RGP T, i 45 LA
TR IR N, ZREATAH 18 FpE It
R, K H &R N R 22 2R . FF A 22 [%
ffd FE D AR & E K E AR, 2
O 2 P R I , Ry s D ) T DU
1.2 w22 /E 0 SRR R AL B e

FYE 20 fiE4g 90 AEAR, B4 uE S R AR LA
24 T —FIE A G R s W A I A A AR
ST T 24 R IR R R e B kA
TR RO, 45 R BoR 22 2 BA T AF i A=Al
Rk JTAEK, Omenetto %51 P9 % Bl 22 R
BAG B Yr&45H , X — S5 mT LUK 22 0 kLY
MUAR R R , A ) L 2= ] DI T i 4 9
G R E, a E B T & S5 Y Ee A,
22 Z MBI 1 2E R B T R 2 E B e Y
ATRERE R G AR, IR 2 RIS, Rtz
G, TR MR TN TAE M 75 5 0 A o e i 2%
(BR[| A N B | R S VI N SR |
ORI 1V 1 B (3111 I € T Y S I 374
AR X Se e AR gl 2 T AR BT
B9 LA R B P A

1.3 TR ETE

HAT& i X EEA M, —HKReXR
SRITLL IS , 2% 20 FhoAIL 3 O (g 220Kk L 4 <k
BTG 5 TALUH A Altman 27 i
LA A SUIR 7 22 JH T 10 38 B Y T 4
XFPGLGUR TR 2] I BB = e fLHR TR
B8 b W0 [ S R ik 3% % S B, B — 2k
AR LI AR g BT AT AR R 22 R
I TR FITE A 22 R, 42 R iT]
DIE i PR 2 R, W 2 2 A AP A
R [ JEE R B s> i 3l S A A A A
TR HE B TR, W SRR E M. RN, F AT LA
T 24 Z RS TR AT W BRAL 2 6 M , T 08 42 40 i
15 AT R L BAN, ML L 2 AT LU 1 R
Y e o2 I R AN A £ 4 ), HC SR 6 2 T AR 22 AL
SER T T NS RAE RIS T PR 22 KLYk
AT L 3 407 R R VA Y 7 R 9 5 4T Ak
TR IRLT 4 BLAR L IR A 22 2T A A8, 7] LA
W BB R ST R
DU A b i Y AR me Y 4
Jrikmig T E st ot S A g s, I
ARG TR R B R A AT L)
i 22 B RS R LB A 22 B R R
Pt AR 3 B IR BB URY N e §
LIPS T B 4%, L RS A SR T LR A
BRI ALK . SR FLAR R/ IN T i A
7 V4 AR B 8 YR T 5 1 R A AL T P o AT
P BN R R R RHLAR L 60 pum
FRTHE) 250 wm™? o w22 A S AE i R [RAR
TS ER 2 RS L, DA TIT 403 S 40 ) e gy P
P, 40 Kaplan 255833 76 2 fLe2 Bip 4 hiR A 22 %
1ok B R JE S0 kPa B T 45 K 1 i 5 T
2.2 MPa'™") I 26 ok BN (M2 4% 22 27 4
ARG PSR N ) 13 MPa™ X Bl Jy 24
R S T R TR B T 2 R (H M S RE T
ZIRIKFHA TRTR, WHBREHE
LR A B R AR S UR A2 22 1) b 38 o
R R PN S I LR RS R R, bR I 4T R
35 3 A, AR Hh BR800 PR xE LA A B B1
G0 VL ERRTEIIRR T AL bR ELA ) R B4 0 45
38, AT LARE T L) 2 g 2 B R A 2 1 i 41 41
TR,
1.4 THFRHASMIFSE



BT i 22 FH OGN AR SOAAE URE R AR A 52 v B4 )0 - 155 -

Ay 22 RL AN [ R 2y 58 fili FLAE R i 3R
T TGS | 2R B FLAR /N T T4
HARSE T R, C 8 2050/ NMLERFIAR
[RIE 2 B8 2 bORHE Z R SN M b HEAT T R
PRAMIFST . Kaplan BF 5% 41 %t 22 2 26 1 0 4R
T T 10 RAERIRABIGE . IRIMNEFe45 R0,
R4 22 b RE X T O BCE a0 i A UL e 40
BT N B bk A K 2 R AR 3 T UL 4
F Y AR Fr AR R A A e g B A
B SH . BRI O AT LI — S
TR 5T 40 B 1 B A0 A6 L 2 R
Wy TGF-B3 5 A LT 4k 240 A A B 4 i % 7
T LA PR 10 0 20 T 750, 9 1 5 7K O
(AT S 4 B T Je S TR e S g,
FABBT I 2L d AR AR TE AT A A s g 2F
R B EAT T RRST, 45 R LR e fik
R A X IR L BRI 5E
1.5 TZMRAR BTG

IR 7 22 45 (1945 FlobA B . B M 1 S
2RI 7] 22 45 v s B0 T 2L 400 30 2016 2 0 1
He o TEAGFR 2 5875 T, Enomoto 456 JAS MR 22 %
FHRRE A/ N BB 20 T3k, RS 18 A H AT
s i) 5 A 55 50 W 7S, 22 B PORRGE WA, i
TN Hz 20 - LA R R ) Sl AR S5 R A
TEIBEN RGBT, Tie RVUER B AR i
ORI A4 A 22 bR R R R B
TIRFIRIRLZH S 12 v M 52 B2 4L 2
BETE A, eI RY )7, Huang %0 (i i 72 42
A MRMERE T A1 #h 2 il 2= AR S T ek R
Das %12 i I e 22 90 K &2 & bEORME 2 AR 22
HZE R /R S50 40 78 i Bk BR A5 a2 sh D fig 11
TR 5500, e gt A
SR AU LA AR B D RE S AT . DL L
FBRITARIR , T 221 g — Fh 2L M AR 5 PR 1 1)
YRR TR TR BT  EE BRI
ik, HEME N TR K, R R 2K
e A N St AR L S1E 1 Ml BB = R 2 @y NN 1
R A1
1.6 ZE 22 RHIG PR

JAG TR LRI I PR AT SE 45 58 R HLBA
R I PR 7, (L i B2 A% ) B O
PRIFAR 32 19 W B 6 7 o — AL BRI F G 3 . 722
FE R BN TR R R A ek, TeL sy

2% FARE0T B A AR P R 2 g, 7T TR
BUNEES . BEZ UL AR S AL B 2 AR W, B
R 28T TR I PR P 4 7 277 S A4 1 P 1 7 24
WO T G2 i Aok RG 7 R 5 a4
PR HEUREL 1) 6% 2 L 5 10 S 48 P TR T 5 2 5 A 2l
JkgEa"" s Seri ™ T L by B Y DL K A 4 K A 2k
) 57 240 P T I B Bz R X 6 52 BT 15 A
FRE R AR 4 B R A R 2 A
oAk DRI I8 S 7 6 A B 4L, 7 i 5 1
PRBHE TAEE B A1, PR | AT 5 22 11

2 BLZARATRIEATIREMHGHRGES
28

FURIT, V22 A= Wb BT 4 2230 T UBE F0
WA E A, G RIR AR RN 3 B
B, TR R IR 1 R A B AR 2 SR A
UG 0 )32 3045, By Hh R SRR 8 5 5 J s 7016
BHE AR B (H A DI AR AR, ELRES =1 5
SEOE IR A Tk S U AN () B
Ao TR, ORI ROOFST R T T R 220k
AOZHEL TR R HARE S A SR A e A LI A0 50 ek
IR HEATIRR

Altman %515 f L2250 K AR e 22 21 4 i 1
18 =2 SR LR ) B AR ), 4 2R s A 2241
i S22y A R AT DL IE R RIS SR Al R B, L
AR AL B ) A A R ] i AR e A 55 b, g
TN A8 3 = A0 R DLk — 2 58 Ak A S ik O
% Wi , Horan %5 i 2 BF 5% 25 20 15 14t
T 22 3L A PERE AR, RS 1 HL il IR AN 4 2%
ARSI T S1 2 RBOR A LB A LR T
SIS FAE OB Fan 45 Hy g 14 7 22
T 200 M i 22 SOORAE R 315 e 22 7 A VR RE R [R] I, 384
I T AR ALEH A T AR AT AR A A
YU A, FLAER, Chen 45 My gt T 4 SR &
28— SRR A2 5 SR SR ) e 2 2 ] B R ket
T LR LR 225 T HBOE AR T A AR Bk
B, )i 2 B i 1 A RO A RRT A L B 12
PIAER R o X BRI B T WUBE A it 0 A 2l
YA AL A0 BIE 1 fi 22 S0 S AR
4 LI RN 4 (i 52 U P00 R
JE AT ) 18 5 FP I PR LT BE o
2.1 RS



- 156 - WL R 2R (E2ERR) Journal of Zhejiang University ( Medical Sciences )

FNE Goh MARZH () Fan 25" R ] % 24 1t
U AR 22 SR T T AR — A58 XS E A A 1A
PN SG4TSR 0T 2 A o 1) AN i A 3R o
BEA AR R EA A S xR
21 Liu 457 S A LG T T 52 ST SR R Bl T 4
N, B BR8] FE T A0 M R A S SRR A
I H TG 1 40 2 R R BRSO, B T B
it 22 2 AN B AN L R DU . B IR
U R BT R ¥ N L/ R N B B
HE, AR 6 A~ H 38 1R 28 XA A K i
HNEETRIURR, TT A SRR R 8N 02, O B R
SEFAME BT M AR B IR 2 R R
RIRANMIIMIIR BT o7, KR i — P e 22 3%
VARG T — TP AN BN FRE B 11 IR K 2T
4k RADAL6 RAM2E SR os i R AL N 3R 36 1
A ETE H 1R tenascin-C 3L 1Lk,
WFgE I a2 Bl 22 2 52 & Ho b e} S 4
FH TR 2E U A o B0 Seo 25070 fifi I % 24 11
JRE R —E B R 52 S 4, 5 AR R AR RE A AL
PR LT 40 B AR S B SR T R 28
SRR A N 5 A AR 1 5 4, e
HEEAAEE T REZ, LR E AR
Z[B) A £ e AR J2 ) sl 2 A AR R A1 28 SRl
R F2 B N, Fan 250 16 4% 22 W) i 4 42 36
UG SR LR A, RSN RE B R A 2L T AR )
M, B 5 R P B A S A . AR 6 S H
it i 5 A Ah R L 1 ) S R 2 2 (R
W ALLF LR L 40| Far ) , 2T K AR ik
HHA AR o RIS AR A A 22 S Rk A
BRI AT A AR b Re R
B HERRES 5 Ry ARG 4 A H 48128/
w-CT 7R B Bk T8 N TS A4, TR R A T e S
60% FH BN 80% (1 F12EERE ™ o IR
FXTECE R IE AN B R R, it & T —F TGF-B3
e 22 A2 N 18 B AR R 4Rl R — i P TR — 22
REATH, XS AR RE 0 S R A (38 5, IF
TEAAR ML HE 20 M 7652 U i 2 B BE 7
Li 7Ptk 7 —F silk-TCP-PEEK %42 H] T
MR B, T LALER S 47 4 3 1Y R TR
T INA 2 FAE Y BB A IE R 250 . A A
I8 T GnBUIR AR 22— i T 405 S 4 T A i 28 XA
WS BT ATE . ARG 18 AN H WERZE L iR, i
I G SCHRAR Lo gl Ay 22 37 2R T RE RS AR UE T AR )

LS R B A FF RS A T e A B A TP B
1R DL ESSIRRIR X G A A 22 6B A B
R AR B G AC S A A Dy e M AL 4 TR S
28, EEEE L B (1 S 4] A RE 2 v
TREIRET B TGRS X,
2.2 AR

PR T B2, M AAR X 32 6, A 35
ARMEERE S o H 2235 TR s i SR 1 A
22 R4 52 4, M T — A S B I S A
Ly N LI R B e =R Ok O
KA R23 1], G UIR 4 22 47 2 2 1t JE 05 (4 ) 240
g MR BN, 2 A SR AR gl Ay 22 S R
FLA S 22 e I AR R BRI i A i, HE T 2 R v
HOET IE R
2.3

S 2 R /N B = SR L, A5 AT LA
IERATE S BERAE . Hi U Rl
DA G T P 4500 s A QA , i R 4 49 6 2 D)
FLBEENHESE 2742 . Chen 257V W IR fh—1H] 78
T M 52 A 3 G 21 1) A 22 S DR g A S 3R L 9F
HATIRIN SIS MU 7 22 RPN B T sh SR 12
T, Aol LAk A JULTEAE 200 i, T2 B EL A DI RE ) 41
SUT RN, BEJS , B BT T R R B
[ 45516 5 S, 445 SRAIE 3% 7 T RE g 1 1k 4 41
Jidt 25 PR -3k A A7 R B A 18 &2 . Shen 25775
T A 22 SR ST B A I A AN IR [ Js A A R
TRESGRENBEE, ARG 1 A RBIRE4E 22
SEHRT A R /D 9 E 2 L VR I 2 S AR N R
AT A% 5 RS 4 JE AT UL R Tk
BN R R R S A B 22, LR BAT B 5 1) g 2
TR
2.4 JEHhiIA

WELGiiz 8 UL T Bz 3l o0 3, {H G 4k Fif
5 [ BRSCAL S G E , Bz R R ER | Bk 2am
B H 45T, B R B B AR, Shen 45775
b ARG NPT ] b S (A R T 200 B A 22 5 g 46
IR AT AL T AR WU, X G B Ml AT AT
1B RS 4 AR 8 JEZE I o, 4 TR U
JGHA S S8 SIS, - L E°L 200 o o A X 3
T 5 AR 12 JE T L 22 I R, ELRTAE
LI Y S5 A8 A ) ) 22 R 3 T 6 B, 3R
LSRR AE TR R MG B AR . ORI Z 11
IR A AE R he) B ZH SO IR A% 0 2 2 1 A



B e 22 RO UL R SR IURE Rl A 08 5 b B B

- 157 -

HMBEBRAGFFNEE RS T LA i 0 I (0 R B 3
SN o R H I 45 SRR W], AT 0K
G FRPRERT LIS D) U 2H 2 240 i DL 5 14 R 25
Fay, e DEILRE 40P 15 HES Y, IR S WURE T 41
BERK BRI, S5 WU AN 2™ Wi
XAEATRORH R N BIF TS 45 2R R, 1B S 2
TR EERRTE T o X 455 Teh ™ P47
e 22 21 Y SCARAE HETR) ST T AR M AR AL T
GERI o eI, R i It A A 22 SR kAT = 4
D HEBGEE , DL B UIR #ix 22 SO BER #5245 A
JUIEE 4 N JC PP o R AT A RS 2EA 7 R Al iy
52, BvFn] DL — B4R THIUBE R Bl 41 2B 52
BER

3 & i&

A1 e 22 32 R J T 1) v LR T e 22 (1 2
SUTREHEMms . —J7 1, ATl LU i 38 2242 e 21
TR =Ju Rk M, k2 kil p B ML R BE 2R
PR A 5 R A A W) v R figp i 25 [
iDBGiBuERTISU Y0 7B VINAES NS Ry I s ANy
TIPESFA LA &, e U AT A )
— 5T, FATTRT LU S B i K TR 7 2UOROE Ty
FES 7 3, e o 8 4 U S SR AR DTBR (14
FRATIIAT H ) 20 M BEA T AR SR B 3R [ AR A
) SDF-1 S fix 22— ISR SO0 . SRR
4B F AR S SR AL A M AT O I N T
¥, AR R IS, UH LT SO fie gt i A SR
S A o SRR O T N A S AN E AT L)
EG T AR5 U 5T 1 Y A S AE PR 1 HL
ST S T N R AR R U 53 A, R LA
ERICHIBL I BORERS LA, H fie 22 Ji I S0
A AL , 8 210K AR SO B

JUUBE R A1 451 5 2 ek PR 5 Uiz 3 B GEgbifii 2
— o B LG A LB AR A R ek PR R R i
6 52 JUL I AR50 2l 451 403 o o A e 1) o BE IR, A
U, A o R i B ARSI TR
JUBE I 5 2Bl IO SR ABIF S T 2 A
IRERAEIIBIE ST, 2257 Al L HHSC B 2, TR I R
IO R B , h LI A0 0 e 458 £ R 5 R 1) A
B AR RN RN 2 TRER IR AW SR 2 —
(W 22 , A R AR T2 5 T KA
Wy RS R r] R SRR, AR A R DRI — )
KBTI

S 3k

(1]

[7]

(8]

[12]

[13]

ABBAH S A, SPANOUDES K, O’BRIEN T, et al.
Assessment of stem cell carriers for tendon tissue
engineering in pre-clinical models[ J]. Stem Cell Res
Ther, 2014, 5(38) :444-453.
BUTLER D L, JUNCOSA N, DRESSLER M R.
Functional efficacy of tendon repair processes [ J].
Annu Rev Biomed Eng, 2004, 6(1) :303-329.
DOCHEVA D, MULLER S A, MAJEWSKI M, et al.
Biologics for tendon repair[ J]. Adv Drug Deliv Rev,
2014, 84. 222-239.
VOLETI P B, BUCKLEY M R, SOSLOWSKY L ]J.
Tendon healing: repair and regeneration [ J]. Annu
Rev Biomed Eng, 2012, 14 47-71.
A WU O RIGIrEREL)]. Y BES
S5rE&E, 2010, 32(9) :715-717.
LIANG Huawei. Advances in the treatment of tendon
injuries[ J]. Chin J Phys Med Rehabil, 2010, 32
(9):715-717. (in Chinese)
SHRIVATS A R, MCDERMOTT M C, HOLLINGER J
0. Bone tissue engineering; state of the union[ ] ].
Drug Discov Today, 2014, 19(6) .781-786.
ZMISTOWSKI B, KARAM J A, DURINKA J B, et
al. Periprosthetic joint infection increases the risk of
one-year mortality [ J ]. J Bone Joint Surg Am,
2013, 95(24) :2177-2184.
PR, XL T, SKIER, . 18PN AS A
Pi& It E R R FH R R R[], REES
Z£K, 2012, 92(7) :472-475.
LU Hongzhang, LIU Zhenning, ZHANG Daojian, et
al. Treatment of unstable chronic anterior cruciate
ligament-deficient knee with osteoarthritis [ J ].
Chinese Medical Journal, 2012, 92(7) .:472-475.
(in Chinese)
MURPHY C M, O’'BRIEN F J, LITTLE D G, et al.
Cell-scaffold interactions in the bone tissue engineering
triad[ J]. Eur Cell Mater, 2013, 26(4) ;120-132.
HOLLISTER S J, MURPHY W L. Scaffold
translation ; barriers between concept and clinic[ J].
Tissue Eng Part B Rev, 2011, 17(6) :459-474.
BARBER F A, BURNS J P, DEUTSCH A, et al. A
prospective,, randomized evaluation of acellular human
dermal matrix augmentation for arthroscopic rotator
cuff repair[ J]. Arthroscopy, 2012, 28(1) ;8-15.
WONG I, BURNS J, SNYDER S. Arthroscopic
GraftJacket repair of rotator cuff tears[ J]. J Shoulder
Elbow Surg, 2010, 19(2 Suppl) :104-109.
SCLAMBERG S G, TIBONE J E, ITAMURA J M, et

al. Six-month magnetic resonance imaging follow-up



- 158 -

WL R 2R (E2ERR) Journal of Zhejiang University ( Medical Sciences )

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[26]

of large and massive rotator cuff repairs reinforced
with porcine small intestinal submucosa [ J]. J
Shoulder Elbow Surg, 2004, 13(5) :538-541.
GOTT M, AST M, LANE L B, et al. Tendon
phenotype should dictate tissue engineering modality
in tendon repair; a review[ J]. Discov Med, 2011,
12(62) .75-84.

ALTMANG H, DIAZ F, JAKUBA C, et al. Silk-
based biomaterials [ J |. Biomaterials, 2003, 24
(3):401-416.

INOUYE K, KUROKAWA M, NISHIKAWA S, et
al. Use of bombyx mori silk fibroin as a substratum
for cultivation of animal cells [ J]. J Biochem
Biophys Methods, 1998, 37(3) :159-164.
MINOURA N, AIBA S, HIGUCHI M,
Attachment and growth of fibroblast cells on silk
fibroin [ J ]. Biochem Biophys Res Commun,
1995, 208(2) :511-516.

RET. ZREAENEYE AR BETELT].
MHEHH, 2001, 15(2) .50-51.

WU Huiyu. Studies on applications of silk fibroin as

et al.

a biomedical material [J]. Materials
2001, 15(2) :50-51. (in Chinese)

OMENETTO F G, KAPLAN D L. New opportunities
Science, 2010, 329

Review

for an ancient material [ J].
(5991) .528-531.

WENK E, MURPHY A R, KAPLAN D L, et al.
The use of sulfonated silk fibroin derivatives to control
binding, delivery and potency of FGF-2 in tissue
regeneration [ J |. Biomaterials, 2010, 31 (6):
1403-1413.

ROCKWOOD D N, PREDA R C, YUCEL T, et al.
Materials fabrication from Bombyx mori silk fibroin
[J]. Nat Protoc, 2011, 6(10) :1612-1631.
VEPARI C, KAPLAN D L. Silk as a biomaterial
[J]. Prog Polym Sci, 2007, 32(8-9) :991-1007.
ALTMAN G H, HORAN R L, LU H H, et al. Silk
matrix for tissue engineered anterior cruciate ligaments
[1]. Biomaterials, 2002, 23(20) :4131-4141.
WANG X, KIM H J, XU P, et al
coatings by stepwise deposition of silk fibroin[J].
Langmuir, 2005, 21(24) :11335-11341.

HU Y, ZHANG Q, YOU R, et al. The relationship

between

Biomaterial

secondary structure and biodegradation
behavior of silk fibroin scaffolds [ J ].
Materials Science and Engineering, 2012. http.//
dx. doi. org/10. 1155/2012/185905.

TAO H, KAPLAN D L, OMENETTO F G. Silk
materials—a road to sustainable high technology[ J].

Advanced Materials, 2012, 24(21) .2824-2837.

Advances in

[27]

[31]

(32]

[33]

[34]

[35]

[36]

[37]

[38]

WANG H, LIU X Y, CHUAH Y J, et al. Design

and engineering of silk fibroin scaffolds with
biomimetic hierarchical structures [ J ]. Chem
Commun, 2013, 49(14) ;1431-1433.

WANG X, KLUGE J A, LEISK G G, et al

Sonication-induced gelation of silk fibroin for cell
encapsulation [ ] ]. Biomaterials, 2008, 29 (8):
1054-1064.

AK F, OZTOPRAK 7, KARAKUTUK I,
cryogels [J].
Biomacromolecules, 2013, 14(3) .719-727.
KUNDU B, KUNDU S C. Bio-inspired fabrication of

fibroin cryogels from the muga silkworm Antheraea

et al.

Macroporous silk fibroin

assamensis for liver tissue engineering[J]. Biomed
Mater, 2013, 8(5) :055003.

CRITCHFIELD A S, MCCABE R, KLEBANOV N, et
al. Biocompatibility of a sonicated silk gel for cervical
injection during pregnancy: in vivo and in vitro study
[J]. Reprod Sci, 2014, 21(10) :1266-1273.
YODMUANG S, MCNAMARA S L, NOVER A B, et
al.  Silk
composites for functional cartilage tissue repair[ J].
Acta Biomater, 2014, 11 27-36.
GUZIEWICZ N A, MASSETTI A ],
RAMIREZ B J, et al.

antibody

microfiber-reinforced  silk  hydrogel

PEREZ-
Mechanisms of monoclonal
from  silk

stabilization and release

biomaterials[ J |. Biomaterials, 2013, 34 (31):
7766-7775.

Sl BRE B, £, 2R EAMERIE R
ZRBIAT R L] WIEtRE, 2012, (7):
1587-1591.

DANG Tingting, CHEN Aizheng, WANG Shibin.
Research progress of silk fibroin microsphere as
sustained-release carrier of drug [ J ]. Chemical
Industry and Engineering Progress, 2012 (7):
1587-1591. (in Chinese)

LIM Z, WU Z Y, ZHANG C S, et al. Study on
porous silk fibroin materials. [I. Preparation and
characteristics of spongy silk fibroin materials[ J]. J
Appl Polym Sci, 2001, 79(12) :2192-2199.
TSUKADA M, FREDDI G, MINOURA N, et al.
Preparation and application of porous silk fibroin
materials[ J ]. J Appl Polym Sci, 1994, 54 (4) .
507-514.

RAJKHOWA R, GIL E S, KLUGE ],
Reinforcing silk scaffolds with silk particles [ J ].
Macromol Biosci, 2010, 10(6) :599-611.
MANDAL B B, GRINBERG A, GIL E S, et al.
High-strength silk protein scaffolds for bone repair

[J]. Proc Natl Acad Sci US A, 2012, 109(20) .

et al.



B e 22 RO UL R SR IURE Rl A 08 5 b B B

- 159 -

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

7699-7704.
WANG Y, BLASIOLI D J, KIM H J, et al. Cartilage
tissue engineering with silk scaffolds and human
articular chondrocytes[ J]. Biomaterials, 2006, 27
(25) :4434-4442.

KARDESTUNCER T, MCCARTHY M B,
KARAGEORGIOU V, et al. RGD-tethered silk
substrate stimulates the differentiation of human
tendon cells [ J]. Clin Orthop Relat Res, 2006,
448 . 234-239.

WANG X, ZHANG X, CASTELLOT J,

Controlled release from multilayer silk biomaterial

et al.

coatings to modulate vascular cell responses [ ] ].
Biomaterials, 2008, 29(7) :894-903.

LAWRENCE B D, MARCHANT J K, PINDRUS M
A,
engineering| J ]. Biomaterials, 2009, 30(7) :1299-
1308.

HAN F, LIU S, LIU X, et al. Woven silk fabric-
reinforced silk nanofibrous scaffolds for regenerating
load-bearing soft tissues[ J |. Acta Biomater, 2014,
10(2) :921-930.

BHUMIRATANA S, GRAYSON W L, CASTANEDA

A, et al. Nucleation and growth of mineralized bone

et al. Silk film biomaterials for cornea tissue

matrix on silk-hydroxyapatite composite scaffolds[ J].
Biomaterials, 2011, 32(11) ;2812-2820.
MANDAL B B, PARK S H, GIL E S, et al.
Multilayered silk  scaffolds for
engineering| J |. Biomaterials, 2011, 32(2) :639-
651.

KASOJU N, BORA U. Silk fibroin based biomimetic

artificial  extracellular

meniscus tissue

matrix for hepatic tissue
engineering applications| J |. Biomed Mater, 2012,
7(4) :045004.

SHEN Y, QIAN Y, ZHANG H, et al. Guidance of
olfactory ensheathing cell growth and migration on
electrospun  silk  fibroin scaffolds [ J ]. Cell
Transplant, 2010, 19(2) .147-157.
ENOMOTO S, SUMI M, KAJIMOTO K, et al. Long-
term patency of small-diameter vascular graft made
from fibroin, a silk-based biodegradable material[ J ].
J Vasc Surg, 2010, 51(1) :155-164.

PERRONE G S, LEISK G G, LO T J, et al. The use
of silk-based devices for fracture fixation[J]. Nat
Commun, 2014, 5. 3385.

FAN H, LIU H, TOH S L, et al. Anterior cruciate
ligament regeneration using mesenchymal stem cells
and silk scaffold in large animal model [ J ].
Biomaterials, 2009, 30(28) :4967-4977.
HUANG W, BEGUM R, BARBER T,

et al.

[52]

[53]

[54]

[55]

[56]

[57]

[59]

[61]

Regenerative potential of silk conduits in repair of

peripheral nerve injury in adult rats [ J ].
Biomaterials, 2012, 33(1) :59-71.

DAS S, SHARMA M, SAHARIA D, et al. In vivo
studies of silk based gold nano-composite conduits for
functional nerve regeneration [ J ].
Biomaterials, 2015, 62 66-75.

MAUNEY J R, CANNON G M, LOVETT M L, et
al. Evaluation of gel spun silk-based biomaterials in a
of bladder augmentation [J].
Biomaterials, 2011, 32(3) :808-818.

CHUNG E J, JU H W, PARK H J, et al. Three-

layered scaffolds for artificial esophagus using poly

peripheral

murine  model

(' varepsilon-caprolactone )  nanofibers and silk
fibroin; an experimental study in a rat model[ J]. J
Biomed Mater Res A, 2015, 103(6) :2057-2065.
STINCO G, PICCIRILLO F, VALENT F. A
randomized double-blind study to investigate the
clinical ~efficacy of adding a non-migrating
antimicrobial to a special silk fabric in the treatment
of atopic dermatitis [ J |. Dermatology, 2008, 217
(3):191-195.

TWERSKY J, MONTGOMERY T, SLOANE R, et
al. A randomized, controlled study to assess the
effect of silk-like textiles and high-absorbency adult
incontinence briefs on pressure ulcer prevention[ J].
Ostomy Wound Manage, 2012, 58(12) . 18-24.
TAHTINEN O I, MANNINEN H I, VANNINEN R
L

endovascular

et al. The silk flow-diverting stent in the

treatment  of complex intracranial
aneurysms; technical aspects and midterm results in
24 consecutive patients [ J]. Neurosurgery, 2012,
70(3) :617-624.

FINE N A, LEHFELDT M, GROSS J E, et al. SERI
surgical scaffold, prospective clinical trial of a silk-
scaffold in
reconstruction; 1-year data [ J ].
Surg, 2015, 135(2) :339-351.
CLEMENS M W, DOWNEY S, AGULLO F, et al.

Clinical application of a silk fibroin protein biologic

derived  biological two-stage  breast

Plast Reconstr

scaffold for abdominal wall fascial reinforcement[ J ].
Plast Reconstr Surg Glob Open, 2014, 2 (11):
€246. doi:10.1097/GOX. 0000000000000217.

GLEZOS C M, WALLER A, BOURKE H E, et al.
Disabling synovitis associated with LARS artificial
cruciate

Am J Sports

ligament use in  anterior ligament
reconstruction; a case report [ J].
Med, 2012, 40(5) :1167-1171.

ALTMAN G, HORAN R, MARTIN I, et al. Cell

differentiation by mechanical stress[ J]. FASEB J,



-+ 160 -

WL R 2R (E2ERR) Journal of Zhejiang University ( Medical Sciences )

[62]

[63]

[64]

[65]

[66]

[67]

[71]

[72]

2002, 16(2) :270-272.

ALTMAN G H, LU H H, HORAN R L, et al.
Advanced bioreactor with controlled application of
multi-dimensional strain for tissue engineering[ J|. J
Biomech Eng, 2002, 124(6) :742-749.
CHEN X, YIN Z, CHEN J L, et al.
scleraxis synergistically promote the commitment of
human ES cells derived MSCs to tenocytes[ J]. Sci
Rep, 2012, 2. 977.

HORAN R L, COLLETTE A L, LEE C, et al. Yarn
design for functional tissue engineering [ J]. J
Biomech, 2006, 39(12) :2232-2240.

FAN H, LIU H, WONG E J, et al. In vivo study of

cruciate

Force and

anterior ligament  regeneration  using
mesenchymal stem cells and silk scaffold [ J ].
Biomaterials, 2008, 29(23) :3324-3337.

CHEN X, QI Y Y, WANG L L, et al. Ligament
regeneration using a knitted silk scaffold combined
with collagen matrix [ J ]. Biomaterials, 2008, 29
(27) :3683-3692.

LIU H, FAN H, WANG Y, et al. The interaction
scaffold and

microporous silk sponge with human mesenchymal

between a combined knitted silk

stem cells for ligament tissue engineering [ J].
Biomaterials, 2008, 29(6) :662-674.

CHEN K, SAHOO S, HE P, et al. A hybrid silk/
RADA-based fibrous scaffold with triple hierarchy for
ligament regeneration [ J ]. Tissue Eng Part A,
2012, 18(13-14) :1399-1409.

SEO Y K, YOON H H, SONG K Y, et al. Increase
in cell migration and angiogenesis in a composite silk
scaffold for tissue-engineered ligaments [ J ]. J
Orthop Res, 2009, 27(4) :495-503.

SEO Y, YOUN H, PARK ],
collagen-GAG  on
regeneration of rabbit[ J]. J Tissue Eng, 2010, 7
(5) :548-555.

HE P, SAHOO S, NG K S,

osteoconductivity

Effect of

the anterior cruciate ligament

et al.

Enhanced
through

et al.
osteoinductivity  and
hydroxyapatite coating of silk-based tissue-engineered
ligament scaffold [ J ]. J Biomed Mater Res A,
2013, 101(2) :555-566.

SHI P, TEH T K, TOH S L, et al. Variation of the

(73]

[74]

[75]

[76]

[77]

(78]

[79]

(80]

effect of calcium phosphate enhancement of implanted

silk  fibroin  ligament  bone [T ].
Biomaterials, 2013, 34(24) :5947-5957.
SUN L, LI H, QU L, et al. Immobilized lentivirus

vector on chondroitin sulfate-hyaluronate acid-silk

integration

fibroin hybrid scaffold for tissue-engineered ligament-
bone junction[ J]. Biomed Res Int, 2014, 2014
816979.

LI X, HE J, BIAN W, et al. A novel silk-based
artificial ligament and tricalcium phosphate/polyether
ether ketone anchor for anterior cruciate ligament
reconstruction-safety and efficacy in a porcine model
[J]. Acta Biomater, 2014, 10(8) :3696-3704.

LI X, HE J, BIAN W, et al. A novel silk-TCP-
PEEK
reconstruction: an off-the shelf alternative to a bone-
Biofabrication, 2014, 6

construct for anterior cruciate ligament
tendon-bone autograft[ J ].
(1):15010.

CHEN J L, YIN Z, SHEN W L, et al. Efficacy of
hESC-MSCs in knitted silk-collagen scaffold for
tendon tissue engineering and their roles [ J ].
Biomaterials, 2010, 31(36) :9438-9451.

SHEN W, CHEN X, CHEN J, et al. The effect of
incorporation of exogenous stromal cell-derived
factor-1 alpha within a knitted silk-collagen sponge
scaffold on tendon regeneration [ J]. Biomaterials,
2010, 31(28) : 7239-7249.

RECKNOR J B, SAKAGUCHI D 8§,
MALLAPRAGADA S K. Directed growth and
selective differentiation of neural progenitor cells on
micropatterned polymer substrates [ J ].
Biomaterials, 2006, 27(22) :4098-4108.

YIN Z, CHEN X, CHEN J L, et al. The regulation
of tendon stem cell differentiation by the alignment of
nanofibers[ J |. Biomaterials, 2010, 31(8) :2163-
2175.

TEH T K, TOH S L, GOH J C. Aligned fibrous
scaffolds ~ for
tenogenesis of mesenchymal stem cells[ J]. Tissue

Eng Part A, 2013, 19(11-12) :1360-1372.

enhanced  mechanoresponse  and

(AW =& B W ]



	11_10_ml_PS_Merge
	11_10_2期全_PS_Merge
	空白页面


