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Effects of Microfiber Substrate and Shear Stress on the Outgrowth of PC-12 Cells

In Ae Kim*", Su A Park”, Young Jick Kim'", Su-Hyang Kim", Ho Joon Shin’,
Yong Jae Lee", Ji Won Shin" , Jung-Woog Shin**"

JI Abstract Jl

We introduced mechanical stimuli and micropatterned substrate with microfibers to investigate the effects of
those on neurite outgrowth along with nerve growth factor (NGF) in vitro. Microfiber substrates were fabricated
using an electrospinning process. And PC-12 cells cultured on substrates were simulated with nerver growth
factor and laminar flow shear stress in a fluid flow system. The results suggest that microfiber substrates and

fluid-induced shear stress are promising for simulating neuronal regeneration in a desired direction.
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MZHEE OHE HIZ0 HIstol XIXIKS 220! e X
O @M UL HetM XXM BxEs =0/7] ASHH
HH22tA(24%36 mm)ll 0.1% laminin BH22 12h &
ot EBIAC.

Oroj32 IOl XIX = T MEE HIZANMARE O
2510 MELAC (Fig.1). Laminin0] 2EE HHI2tA
£ 3Wols ASR(HSE, HE 1 80 mm, &0l 100 mm)
Ol 251D HIILAL NARIQ 2AFE 18g FAHIES
FOIUCH HI| LA AIAEIE2 Hol RO FXIGHH S8
DIEJ AsS HIHISIA D ZAIAL EUEQ Z0HS B2
oo N5 HE: RIS A MY e 8EE 40T2
SXoI0C. DIOIZ2 WolHE PLGA(Poly(d,I-lactide-
co—glycolic acid)) 50:50 (Alkamus Inc., USA) E2|0{
£ DMF (N,N-dimethylformamide)® THF(tetrahy~
drofuran) (Junsei Chemical Co., Ltd., Tokyo, Japan)
E 1112 42 200 50wt% 552 =0 &, ECIH 89
2 5mifel FADI0 21D Z2I0O BALE 2ARY %
2 A0 =2 82 MBI I(SHV200RD-40K, Conver-
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HOsIAD, MOEZ2I22 Turbo C (ver 3.0, Boland
International, Inc.}& 0I23RULH
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Fig. 1. Electrospinning system.

2.2 Fluid Flow System X%
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2 3% =8 & + AT NEEHJAU. Flow BH= =0]
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Fig. 2. Schematic diagram of the fluid flow system.
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RS 00132 Toid XIXIH(2E F)2 laminin 2EQ
8 coverglasses(2& L) 910l PC-12 MEES 2.5x 10°
cell/glass T2 seeding SICH OIM HHLULS 10%
FBSOI Z&E DMEM h—glucoseE A28, 2RO
HOlA 2220 BHLEIACH I 3L flow BHUA S2IX
=g JtetdliTable 1). 22I18 X=2 steady shear
stress & IR0l 3E 2A12H4 22 122 Ji6UCH Ol
HZo EAE Z£0|1D 2329 FLE AGIH HiLixl
FBSsLE 1%= £0/1 nerve growth factor (NGF-7s,
50 ng/ml, Sigma, USA)E &JI5tUCH Table 104 BS
O, ¥H2o| JI|2 5MZ L0 AEEIACH. 20|
JIRRIK %= A2l BN A4S 332 HAdHY
6.79x107 cm/sQ &£ 2 HHXIS £&5HACH

A

2.4.1 SEM
IEE TolH S PS &S| 24510 SEMS 0|25t
Ch 2 AIB2 HIXIZ MMHol2 4% paraformaldehyded|
3022t 1F = phosphate—-buffered saline (PBS)Z #
Pt kll&ﬁ}i’il} D_’é* £ 30, 60, 70, 80, 90, 100% &
g2 ME20AM HZAIRC
2 ANBE t—’h‘éle 0|96P01 :'E'o}%otﬁ 5kVOi|/d SEM
(JSM-5000, JEOL, Tokyo, Japan) 2 0I&5t0i 24 35t

2.4.2 MEMES] HES ¥ B aiEt

PC-12 HIZOt MNEAZR 23E[U=X 2S0lD| 915101,
anti-Neuronal nuclei (NeuN) monoclonal antibody
(1:100; Chemicon, USA) % neuronal class Il B
~tubulin polyclonal antibody (1:2000; Covance,
USA)E 0|26t #& Mo JMEg AJGIC 2 MER2
4% formaldehyde/PBSOl 3022t DAZ NeuNd
neuronal class lll B—tubulin antibody &It & 5122 bH
25HALE 2%t antibody 2! mouse anti—goat 1gG FITC
(1:160; Sigma, USA) 2 alexa fluor 594 goat

anti-rabbit IgG (1:300; Molecular Probes, USA) 20|
20 30822 UHYSIQACE. slideE mount A2} #
fluorescence microscopy (Axioskop2 Plus, Karl
Zeiss, Germany)E 0|E3t0{ £XotUCt

ABAZS  outgrowth E DU%s JEGID] S50
F-actin &S AEGIACEH 2 l 2 PBSZ M E 4%
formaldehydeOl 10 =2t JHESIALCL 0.1% Triton
X-1002 4CH A 2022+ JHEI % BSAZ blocking &t
ALk 1 # rhodamine phalloidin (1:100, Molecular
Probes, Eugene, OR, USA) 2 A201H 2022 Mol
% slide0ll mount Al2! & fluorescence microscopy2
SESIACH

2.4.3 O|0|X] Z2AA
MBEINY outgrowth 20l £H5t)| A6t F-actin
X

gaE 2 AIEE CIXE 0I0IXIZ HESIULH MAANEE

bipolar £&= pseudo-unipolar #4419 MEBHS %EOE
JHEBI D, MZSIIY 20lE= 00K J 222 018

Ol HIZXOA MFBESI12 EFEMNK EFHEIULCH 20] §’§

O HARR= +2 mm 2 LIEHLCH

PC-12 HIE2 alignment EX2 {dl MATLAB (ver.
6.0, MathWorks, Co.)2 0I5t OI0IXI ZZ2 A4 8t
Ch. AIZ 9| alignment B&E angular deviation (AD)gt2
OI25t0] IFECZ ZHGIYU D, 0] ADg2 fisher0fl I8t
circular statistics& 0|2 0}01 H A At

& HMO] & AIX 0|0IXIS 0180t0] MZEE3(9 2000t
HIZH2 1.5 Ol&0l El= MEE outgrowthIt 0Lt Al
x2 JP‘*S}O1 outgrowth® L& SXoiACH

fcle 29 AE 0183106 2 189 outgrowth 2XE
HoIUCH:

Percentage of cells outgrowth

= cell count of outgrowth / cell count of all
T8 NHEIY outgrown & 2EE outgrowth Z0(0)
M2t 3Me D82Sz L0 2450

I

2.44. A
22 SHH AL HEE 0IH LAWK SAREE
0185t CHEHIWE Fisher's LSDEHEE AS5IUCH &
8 8} Z21809! SPSS 11.0 software (SPSS Inc.
Chicago, IL, USA)Z 0I25I21C}.
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Fig. 3. SEM of Microfiber-based substrate.

AR A= Fluent® 2 0125101 &
5 951[} AR &0 0182 K2 0.52~7.8 mI/min0IY
Ct. Fig 40X 2501 0.85 mI/ming SES IS 4%, ®
G2 L8t JiA gt SAEH 0.16Pa2 SALACH F
8t, ol X=0] JtliXie 229 /50 AR= 4R

2 oSS AS

s
H:|

v T < & ¢ w8 w =

Pession gomj

Fig. 4. Computer simulation to valldate shear stress
occurred on both walls due to the fluid flow.
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o 2HUYSES ¢ 4 AT (Fig. ).
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Fig. 5. Images obtained by double-

immunostaining.
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Fig. 6. Angular deviation of neurites on two types of
substrates along with various shear stresses (six images
for each case).
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Fig. 7. The average outgrowth length of neurites on
different substrates along with various shear stresses
(n=100-120, approx.).
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S8 =2 outgrowth 82 220, 6| FS_0Pa 1t
FS 0.25Pa JE0A HZJ 2 outgrowthdl YOS S &
2= AUACHFig.8(A)). ALt 2 IEE 2 outgrowth Z0I0H [T
2t outgrowth 2 HIZo X E LIEHAGE 21 FS_0Pal
outgrowth & NZ 152 MIZE(2 200t (i & 80m0OI 5t
0 2=¥ah= B0 FS 0.25Pa% QS0 A E 50%0142 MX
Jb 130im0IAt9] 21 outgrowth 20|18 JIEE & 4 YUACH
(Fig. 8(B)).
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Fig. 8. Percentage of cells with neurite outgrowth on
different substrates and at different shear stresses : (A)
Percentage of cells considered as outgrown within a group
(B) The distribution of percentage of the cell outgrown based
on the length outgrown.
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Table 1. Classification of the experimental groups according
to the pattern and shear stress magnitude
(C: control, S: stimulation)

Substrate Group L Group F
LC (LS_OPa) | FC (LS_OPa)
LS_0.10Pa FS_0.10Pa
Magnitude LS_0.25Pa FS_0.25Pa
LS_0.50Pa FS_0.50Pa
LS_1.50Pa FS_1.50Pa
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