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Progress and prospect of electrospun silk fibroin in
construction of tissue-engineering scaffold

Ling Chen, Yabin Zhu, Yuanyuan Li, Yuxin Liu, and Junyao Yu
Medical School of Ningbo University, Ningbo 315211, China

Abstract: Silk fibroin is a natural macromolecular fibroin. It has broad prospects in tissue engineering application due to its
good physical and mechanical properties and good biocompatibility. This paper reviews its chemistry structure, property, the
usage as matrix of tissue-engineering scaffold using electrospinning technology, and the influence on growth, proliferation and
function of vascular endothelial cell, smooth muscle cell, keratinocyte and fibroblast. It also addresses the advantages and
disadvantages of silk fibroin applied in tissue engineering study like artificial vascular, skin, bone stent etc. The potential
applications on esophageal tissue engineering and regenerative medicine were discussed.
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Zhu GV T A 4 R E AOKE W, B
LT, TR T O A AT AR R AR AR T R T R
20 cm, HUE 40KV, WBIEIER 30% 95T, 14
FHARLE 1700 nm A A7 ¥ 5] 1y 22, AdE KA S i 51
A R, WEEFRAMCERIEN, BA ALK
P ITCHESF S

Sukigara 5722 R E FIE T R 4 HL Y
W, WY TSR (A RO R
SR EESE) M ZE PR, 538 7T H
A 12~1 500 nm yo B N AYEF4E, WY REREE
12%~15% , #5520 7 cm Fl 10 cm, HLEH 3 kV/em
4 kV/iem i, 53] T 100 nm 7247 (35 5) B £F 4k 5
23 O A A, SR N 8%0~10% ,
PEBS R 5 cm Ml 7 em, BLJEH 4 kV/em Fil 5 kV/em B,
BT HARTE 40 nm K47 YT EFSE, Hbthim g
515 MPa, WiZdi2E R 3.2%.

Jeong AU 22 2 (IR T 75 Ji 5% N B2 (HFIP)
TR LI, SRR 7% , 00 EH 8 cm,
HLUEN 16 kV B, 258U AR A0 TC RN fe 27 45
AR WF5E T, Balih AR 22 2 A AR Y T
G, FEHUBER BE 35 LU 506 22 A BB SE B A T R AIC
WL 2 22 L 1 SRR 22 R A W 240 A8 /)N, 2R
SETEAC R R, BT H AR 22 B R IR 45 A
T E R, Rt N2 RER 5 HAL
Rt DA s TR SR AUGER FE

McClure S HEZZEH . RANE . B
BElll (PDO) % T HFIP, $RJ54% 50 1 50 (V/V) B
il 22 2 2 (4 430 5 3R O PN TR R R U Be PR 3R
R s SRR 3 5302 500 t/min
1 8 000 r/min I, 22 R M M- NERIL LT 480 &
By FE (1.3£0.3) pm A1 (0.9£0.4) yum JEFHE N ; £
FE M- % b A g5 £ 4 0 B4R o 0 AE
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MWNE, BEERIXENNZRY E—-ERI
M2, MHLEN 30kV, HUIIEE Y 15 cm, N
0.2 mL/h, $EUCESEE3 M 1 000 r/min B, PJE153)
()27 4 AR L B AE (139+42) nm N, fLER A
(8242) % o it Jy2E MR W, H B W B R
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(HAECs) 7EH: FAEK B,

Zhang “P0NDL 22 & (R PEO LY, LA
R E R, W4 TN 3 mm AR IS S
B, TR 3SR ARSI 1 L4 (HCASMCs)

Journals.im.ac.cn



834 ISSN1000-3061 CN11-1998/Q Chin J Biotech June 25, 2011 Vol.27 No.6
K1 BOUEEAFENEREGLEN
Table 1 Fibre properties of silk as a function of electrospinning parameters
Materials Solvent Concg/lot)ration Di(sct;anr;ce Vz)lit\e;z;;e Fibre(rclllis;‘leter Break(ir;/t}gpit)rength bSrzr:lin(;;) References
Silk Distilled water 30-38 10-20 20—-40 350—4 200 - - [11]
Silk Formic acid 8-10 5 25 About 40 515.0 3.2 [12-14]
Silk HFIP 7 8 16 Nanometer - - [15]
Silk/PCL HFIP 59 15 25 500—-1 300 16.2 2.7 [16]
Silk/PDO HFIP 5.9 15 30 800—1 200 20.5 2.7 [16]
Silk/Gelatin ~ Formic acid 13 15 30 97-181 2.0-2.4 59.3-61.8 [17]
Silk/PEO Distilled water 8 15 20.5 - 2.0-2.9 1.9-2.9 [18]
Silk/PEO Distilled water 7.5 15 20.5 170-890 - - [19-20]
Silk Distilled water 20-35 20 20 234-1016 - - [21]
Silk Formic acid 12-15 7 15 30—-120 - - [23-24]
Silk/Collagen HFIP - 8 16 320-360 - - [25]
Silk Formic acid 20—-40 10 20 204-877 - - [26]
Silk/PEO Distilled water 5 21.5 12 530-650 ~ - [27]
Silk/PEO Distilled water 10 19 12-15 430-630 — - [28]
Silk Formic acid 13 20 13 200-400 - - [29]
%2 BHLEEOFEEARTIEN LI R
Table 2 Object tissue and seeded cells of scaffolds fabricated from electrospun silk or silk complex
Scaffold material Cells Object tissue References

Silk/PEO HCASMCs/HAECs Vessel [18]

Silk/PEO HCASMCs/HAECs Vessel [19-20]

Silk PIECs Vessel [21]

Silk Human keratinocytes/Fibroblasts Skin [23-24]

Silk/Gelatin NHEKs/Fibroblasts Skin [25]

Silk NHEKSs Skin [15]

Silk Rat osteoblasts Bone [26]

Silk/PEO BMSCs Bone [27]

Silk/HAP BMSCs Bone [27]

Silk/PEO Bone marrow mesenchymal stem cells Bone [28]

Silk MC3T3-El Bone [29]

HCKSNIKN 2 408 (HAECs), 5dJ5, HCASMCs
C i ARG IER EER, 10 d /5, HCASMCs 58
YR, KISR0 T R IR Y 8 RS K
Hefm, T HAECs 78 14 d Jofe s, XEESLRuEm 1
M2 R AR LR FE . BRI GE
ROR BT

Zhang FEPPNE 22 R UK WGHATHLYT, SRR
T EAP ARSI KN 2 4L (PIECs), MR s,
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32 AIRBK
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WARAPE R 22 R bR, T 25 BOR ] 55 40
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Min 454 2515R F 0 2 R AR i B 22 R 9K &F
Ye 2L, FHFLEE N 80 nm, FEMLATRL R
AR (Human keratinocytes) Al A% £F 4 4l
Md (Fibroblasts) R R4, IR R, 8595 3 d
Jei, fA T AR 22 2 O £ YA R R TG B K
LY BN )ZE, HLA0E 2 (8] DL K 40 A 5 PRl 4F
ez AFEFA R 7d )5, AMREER4Es i d KO e
JIL 2 T 2 R A0 2 254

Yeo SEPOH 22 R E A RIKE (Collagen) 444
[F] LE (%5 T HFIP &R (17624)~(211£6) cP
I, 2L T4 AR R 320~360 nm 19 241 5L
B, SRIGTE LI R SR K A B4l i (NHEKSs) Al
WA 4EA i (Fibroblasts), Fifi 1 d 5, NHEK 7E%
Ji | 22 R SR BORTR B (B 50/50 41) IR
R 22 2 TR A S b, MRS B A A K R 47

Jeong ZEUCTH SR o i) 22 38 B 1 S AR A i
HEATBOPEIFRG 9 NSRBI A, BUNed I, 4
MRS, JEEM AT AR RIS, " ILXRE
B 1 SCARAT A B RR AL 2 TR K
33 B4R

BET 22 R ) B g7 B R 2% 1 27 Ak 2L
AR ALBR R | R AR SRR, R g AR
22 R E AR AT R SRR 5T H R B R R

Meechaisue ZEPB22 R EHETHIR, Hl&H
S EH R R KBS M (Rat osteoblasts),
3dJ5E, 4Ny A G, A A L R 4
SREMAgZ MERRL, 5d)5, st etz
Bl SRR RIS AR A DR R A O

A&, AU A A

Al 22 RE A AL BE B H A TR L
A0, EPUMERE EASAERS LR, Li PR 2R
5 PEO MIFRRIEL#E KA (HAP) LR, Hl&T£
AR, 2t tb#r, Z2RENSRE KA
SCERPEREIRAR, AFHEEAEN (590+60) nm, FHAEH
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AP, AR R AT

Meinel %22V I 22 2 25 11 F PEO /K I M LT Ha
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Rk N BB SR T 400, 72 h ZJ5, 40MavrE b
F7 o a s Sy )i T AT RS

Park S PO FH 22 22 26 (1 ARG OR R = dE 2 7L 3
o, HEHER N6 mm, BEER 1.5 mm, 7648 FFR
Fi MC3T3-E1 BUE 4, 283 DNA TR 3
UM £R Ee (7 (MTT), 20 B 200 B A 33 7 R AR AR
WHAE ), AR R BT, B SRS AR A 43
NIRRT, 7Td)E, NRBEERIRE . XL R
I G AR AR AU T AR S AN R
F119

TATIREIES) FHL TR EE
AU T AR S R T8 b R A A S R 4y . 2
PEREFN AR LA AT T MR o BT, X AT
fit AW an PLA \PCL 45 2L 2R 51l B i
ST 2k 4 A RN ST T L4 A S5 08 AR ELAE AT T
G TEIXEESTIRAFERE b, FRATLIZL R & (AT [
fift A RGN A, 2 AT R L 25 22 R
G5, FEEAEZEIAME RIS, #4400 £ T8 K AR 45
PR A SR A 22 F B M PLA. PCL
SR GG T RN Y LYy, A HRTE
30~500 nm JE I, 8 F Instron J12450Hr 248, X
FOMUB ) 2 R AT T4 BT o A L % 3 S B 2
F, IR IR g 22 £ A T R R A A
LA LA R A A (FR R ).
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