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Abstract; In order to mimic the in vivo 3D micro environment and compare proliferation rate of adipose
derived stem cells (ADSCs) on 2D and 3D aligned nanofiber sheets, 3D aligned poly ( caprolactone)
(PCL) fiber scaffolds were prepared by improving the collector for electrospinning. The fibers were a-
round capillaries in diameter of 300 wm, which were aligned very well and with fiber diameter in the
range of 300 ~400 nm. After surface modification, ADSCs were seeded and it was found these cells were

spread very well. Regardless 2D or 3D scaffolds, on aligned fibers cells were nearly all aligned along the
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fiber direction. When compared with that on 2D membranes, cells proliferated faster on 3D fiber scaf-

folds, showing the higher potential of 3D fiber scaffolds to be applied for tissue engineering applications.

Key words: three-dimensional oriented fibers; electrospinning; adipose derived stem cells; bone tissue

engineering
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Fig. 1  Schematic diagram of the electrospinning

setup for 3D aligned nanofibers
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Fig. 2 Fluorescence microscope images of 3D aligned
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electrospun fibers on the top, middle and

bottom of glass capillaries
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Fig. 3 Fiber morphology ( SEM image) and diameter, orientation distribution of three different electrospun nanofibers
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Fig. 4  Fluorescence microscope images of ADSCs on 2D

electrospun membranes after Calcein-AM staining
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Fig. 5 Monitoring proliferation of ADSCs on 2D-R and

2D-A electrospun membranes
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Fig. 7 Monitoring proliferation of ADSCs on

3D electrospun scaffold models

3 apridie

BT 40 M P9 Y P BIL D, AR i A 3 TR
(ECM) Xt v fE S HEEA R A EEE
o HGILPYERE, HAA S ECM A4 1 5E
B, WZ AT AL TR At T
3D Hja) £ 4 SO RRAAUAR A ECM 254, 11



5 6 19

EFHPFAE il g AL T 20 A TR A = 2 ) v 207 2T 4 i 81

WFFEHXT ADSCs 3§ 8 (49 2 W o 38 2o 803 $2ACHE
AT T 3D HLE PCL AR 4ES2 58, 5 2D HL 2
FHLE, 3D ZR4E EAREUN, B R

ADSCs 75 2D £ 4E[IE |- nl R AF#iFT, H57E00
MEFHERLE B (2D -R) AL, fEEU S 4ERLR
(2D - A) AANEIEEH R A . X — KBS SOk
ZURBHEIL . NIRIBI SR T400 (hMSC) 7ERA
AR FRELEAL A R L T 05 5 YA 5 A0 B A
(ELHE G T A AR T 75 - 11 TG 98 K 3 1 45 4 1)
g

2Rt ADSCs b 3D SFEERCRI SN, e LA
MOAE 3D — A 3220 EATS IR U R HE R 5 [ AR,
WEFE A5 AE 3D - R SO0 E GRS 2. 6 KIg
o HVEEXS TICALEF4E, ADSCs 7E 3D KR! FHE 5
HAR AR 2D B, X T AE 3D 25 2D £F
YL A0 M4 AR A AT DA AN TR, (HZER [k
B, PIRRASRRE DN 5 2 B s 2 — B
NP 8 s o 3D AR, ml g de it 7 —4
AT B A B B R I LA i i AR R 0 ) Rl B
Bio NI ADSCs £ 3D FERISZ 2 E AR B B AR oy 34
SHE

0.6 = dayl
day3
0.5 T
R
S8R
:; 0.4 25
3 X
2 031 =
< 55 =
0.2
01 . &
o0 N
' Alamar Blue MTT

K8 Alamar Blue 341 MTT 3%
FAE ADSCs FE4LAR (TCP) _EIEFEAT AR H
Fig. 8 Comparing Alamar Blue assay and MTT assay on

monitoring proliferation of ADSCs on tissue culture plates (TCP)

4zt B

AHIFEAE T 3D HUa K SZHRTRL, R T
AR ADSCs ZBE A 5E A R0 . SRR T
AR LT AR 22 B 7 R AR K. 5 2D SR EEAN
P, 3D MRS A0 4% 3D Mg LA, B RAHEAL
{2 20 LS B RE 7 o T f) 5 2 B A BB 1) L
HAEASE 2 RES . I, AOFTEM B
HHRA TSR VAT T8, B & BA

B AR SE R IR AT HE Y = ZE 3R, 1EiB R
B BRI B T

Sk

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

[9]

[10]

(11]

[12]

HOLZWARTH J] M, MA P X. Biomimetic nanofibrous
scaffolds for bone tissue engineering[ J].
2011, 32(36) : 9622 - 9629.

LIU X, JIN X, MA P X. Nanofibrous hollow micro-

Biomaterials ,

spheres self-assembled from star-shaped polymers as in-
jectable cell carriers for knee repair [ J]. Nat Mater,
2011, 10(5) : 398 —-406.
WANG X, DING B, LI B. Biomimetic electrospun nano-
fibrous structures for tissue engineering[ J]. Mater Today
(Kidlington) ,2013, 16(6) : 229 —241.
RIEGER K A, BIRCH N P, SCHIFFMAN J D. Desig-
ning electrospun nanofiber mats to promote wound healing
-a review [ J]. Journal of Materials Chemistry B,2013,
1(36) .4531.
LUO Y, SHEN H, FANG Y, et al. Enhanced prolifera-
tion and osteogenic differentiation of mesenchymal stem
cells on graphene oxide-incorporated electrospun poly
(lactic-co-glycolic acid) nanofibrous mats[ J]. ACS Ap-
pl Mater Interfaces,2015, 7(11) . 6331 - 6339.
CHEW S Y, WEN Y, DZENIS Y, et al. The role of
electrospinning in the emerging field of nanomedicine
[J]. Curr Pharm Des,2006, 12(36) : 4751 —4770.
VENUGOPAL J, LOW S, CHOON AT, et al. Interaction
of cells and nanofiber scaffolds in tissue engineering[ J].
J Biomed Mater Res B, Appl Biomater,2008, 84(1) :34
-48.
BARNES C P, SELL S A, BOLAND E D, et al. Nanofi-
ber technology: designing the next generation of tissue
engineering scaffolds[ J]. Adv Drug Deliv Rev,2007, 59
(14) :1413 - 1433.
ABAGNALE G, STEGER M, NGUYEN V H, et al. Sur-
face topography enhances differentiation of mesenchymal
stem cells towards osteogenic and adipogenic lineages
[J]. Biomaterials, 2015,61; 316 —326.
TASKIN M B, XU R, ZHAO H, et al. Poly ( norepi-
nephrine) as a functional bio-interface for neuronal dif-
ferentiation on electrospun fibers[ J]. Phys Chem Chem
Phys, 2015, 17(14) ; 9446 —9453.
MA B, XIE J, JIANG ], et al. Rational design of nano-
fiber scaffolds for orthopedic tissue repair and regenera-
tion[ J]. Nanomedicine ( Lond), 2013, 8(9) :1459 —
1481.
DUQUE S L, BRACK N, POSTMA A, et al. Surface
modification of electrospun fibres for biomedical applica-

tions; A focus on radical polymerization methods [ J].



82

R E e (HARBHERR)

5 56 &5

[13]

[14]

[15]

[16]

[17]

(18]

[19]

Biomaterials, 2016, 106 24 —45.

SCHNELL E, KLINKHAMMER K, BALZER S, et al.
Guidance of glial cell migration and axonal growth on
electrospun nanofibers of poly-epsilon-caprolactone and a
collagen/poly-epsilon-caprolactone blend[ J]. Biomate-
rials, 2007, 28(19) : 3012 -3025.

LI W J, LAURENCIN C T, CATERSON E ], et al.
Electrospun nanofibrous structure: a novel scaffold for
tissue engineering[ J]. J Biomed Mater Res,2002, 60
(4):613 -621.

KUMBAR S G, JAMES R, NUKAVARAPU S P, et al.
Electrospun nanofiber scaffolds: engineering soft tissues
[J]. Biomed Mater, 2008, 3(3) : 034002.
SUBRAMANIAN A, KRISHNAN U M, SETHURAMAN
S. Fabrication of uniaxially aligned 3D electrospun scaf-
folds for neural regeneration[ J]. Biomed Mater, 2011,
6(2): 025004.

BOSWORTH L A, ALAM N, WONG J K, et al. Inves-
tigation of 2D and 3D electrospun scaffolds intended for
tendon repair[ J]. J Mater Sci Mater Med, 2013, 24
(6): 1605 - 1614.

XU T, MISZUK J M, ZHAO Y, et al. Electrospun
polycaprolactone 3D nanofibrous scaffold with intercon-
nected and hierarchically structured pores for bone tissue
engineering[ J ]. Adv Healthc Mater, 2015, 4 (15);
2238 —-2246.

CHENG K H, KUO T L, KUO K K, et al. Human adi-
pose-derived stem cells: Isolation, characterization and
current application in regeneration medicine [ J]. Ge-
and Health Sciences,

nomic Medicine, Biomarkers,

[20]

(21]

[22]

(23]

[24]

(25]

[26]

[27]

2011, 3(2): 53 -62.

JONES E, YANG X. Mesenchymal stem cells and bone
regeneration; current status J]. Injury, 2011, 42(6) .
562 - 568.

SALGADO A, OLIVEIRA J, PEDRO A, et al. Adult
stem cells in bone and cartilage tissue engineering[ J].
Current Stem Cell Research & Therapy. 2006, 1(3):
345 - 364.

STERODIMAS A, DE Faria J, NICARETTA B, et al.
Tissue engineering with adipose-derived stem cells ( AD-
SCs) : current and future applications[ J]. J Plast Re-
constr Aesthet Surg, 2010, 63(11) ;1886 —1892.
GOMILLION C T, BURG K J. Stem cells and adipose
tissue engineering [ J]. Biomaterials, 2006, 27 (36) :
6052 - 6063.

LI D, WANG Y L, XIA Y N, et al. Electrospinning of
polymeric and ceramic nanofibers as uniaxially aligned
arrays[ J |. Nano Letters, 2003, 3(8) :1167 - 1171.
HAMID R, ROTSHTEYN Y, RABADI L, et al. Com-
parison of alamar blue and MTT assays for high through-
put screening[ J]. Toxicology in Vitro, 2004, 18(5) .
703 -710.

YIN Z, CHEN X, SONG H X, et al. Electrospun scaf-
folds for multiple tissues regeneration in vivo through to-
pography dependent induction of lineage specific differ-
entiation[ J|. Biomaterials,2015, 44.173 —185.
WATARI S, HAYASHI K, WOOD J A, et al. Modula-
tion of osteogenic differentiation in hMSCs cells by sub-
micron topographically-patterned ridges and grooves[ J].

Biomaterials, 2012, 33(1) . 128 - 136.



