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Secretion and expression of vascular endothelial growth
factor and interleukin-8 by SH-SY5Y human
neuroblastoma cells
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Abstract: To establish vascular endothelial growth factor (VEGF) and interleukin-8 (IL-8) as secretary biomarkers for
cell growth on topographic substrates, we have evaluated the secretion and expression of these 2 factors by SH-SYS5Y
human neuroblastoma cells on poly-L-lactide (PLLA) micropillar arrayed topographic substrates. We fabricated
topographic substrates with UV lithography, silicon etching and polydimethylsiloxane-based replica molding, and
interfaced SH-SY5Y human neuroblastoma cells with both the topographic substrates and PLLA flat substrates. Cell
morphology and spreading were examined with scanning electron microscopy. The secretion and mRNA expression of
VEGF and IL-8 were evaluated with enzyme linked immunosorbent assay (ELISA) and real time qPCR, respectively,
24 hours after cell plating. We successfully achieved 4 topographic substrates with a nominal pillar diameter of 2 um and
4 um, and a nominal pillar spacing of 2 um and 7 pum. We found that the secretion and mRNA expression of VEGF and/or
IL-8 by SH-SYSY cells on 2-2 pum (pillar diameter-spacing), 4-2 um and 4-7 pm topographic substrates were upregulated in
comparison to those by cells on PLLA flat substrate, 24 hours after cell plating. Furthermore, both cytokines were even
more substantially upregulated on the 2-7 pm substrate than on the other 3 topographic substrates. Compared to those on
PLLA flat substrate, cells on topographic substrates showed significant changes in morphology (spreading area, perimeter
and roundness), and the increase in the secretion and mRNA expression of VEGF and IL-8 was accompanied with a
decrease in cell spreading areas. These results provided evidence that pillar arrayed topography was an important
microenvironmental factor in affecting VEGF and IL-8 expression or secretion, and VEGF and IL-8 might serve as
important secretary biomarkers for growth on topographic substrates by SH-SYSY cells.

Keywords: replica molding, ELISA, RT-PCR, SH-SY5Y cell, secretary biomarker
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# (Methylthiazolyl tetrazolium, MTT) & (Pl3&
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1 S MAKZ K. 2xSYBR Premix Ex Taq
Mix (TaKaRa, EIZK) 10 uL, cDNA #ifiz 1 uL,
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Table 1 Primer sequence for VEGEF, IL-8 and
GAPDH
Lt Primer sequence (5'-3")
name
VEGF GCTTGCCATTCCCCACTTGAATC
TCTCTTCCTCGACTTCTCTCTGG
IL-8 GAACTGAGAGTGATTGAGAGTGGA
CTCTTCAAAAACTTCTCCACAACC
GAPDH TCAACGACCACTTTGTCAAGCTCA

GCTGGTGGTCCAGGGGTCTTACT
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Fig. 1 Phase contrast microscopic images of SH-SY5Y human neuroblastoma cells interfaced with 2-2 pm and 2-7 um

poly-L-lactide pillar arrayed topographic substrate after 12 h of culture. Topographic substrates were represented by

nominal pillar diameter-nominal spacing in micrometers. (A) 2-2 pm topographic substrate. (B) 2-7 um topographic
substrate; The insert on the left bottom of image (A) represents magnification of the boxed region to the right of the

image.
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Fig. 2 Scanning electronic (SEM) and phase contrast microscopic images of SH-SYS5Y human neuroblastoma cells
interfaced with PLLA flat and micropillar arrayed topographic substrates after 24 h of culture. Topographic substrates
were represented by nominal pillar diameter-nominal spacing in micrometers. Images (A-D) show the SEM images for
cells on topographic substrates. (A) 2-2 pum topographic substrate. (B) 2-7 um topographic substrate. (C) 4-2 pm
topographic substrate. (D) 4-7 um topographic substrate. Image (E) shows the phase contrast microscopic image for

cells on PLLA flat substrates.
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4-2 pm FhFNEERE RS 20 i Pl e I R4 PLLA
IS AN TR, X — 2RI A R
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AN LIS E 40 B A A R R A
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%2 SH-SY5Y 4iA7E PLLA FHEEKMMHEMTIRAINEMEIR LR SHRE
Table 2 Morphological spreading of SH-SYSY human neuroblastoma cells interfaced with PLLA flat
substrate and micropillar arrayed topographic substrates

Substrates :rlzge?srirrllzg) Perimeter (um) Roundness n
2-2 ym 167.31£60.97 ** 69.324+17.38 ** 0.44+0.11 ** 66
2-7 um 173.68+64.64 ** 80.98+17.59 0.34+0.09 ** 57
4-2 ym 212.03£71.79 78.48+13.77 * 0.43+0.08 ** 62
4-7 pm 165.46+39.20 ** 63.89+11.19 ** 0.52+0.09 ** 64
FLAT 223.63£75.71 84.29+17.99 0.40+0.10 66

Notes: values were presented as X +S. Topographic substrates were represented by nominal pillar diameter-nominal spacing in
micrometers. FLAT refers to two-dimensional flat PLLA substrates. Cell morphological spreading was evaluated with SEM or
phase contrast microscopic images (Fig. 2). Spreading (projection) areas and perimeters were measured by tracking the cell
contours enclosing the cell bodies and lamellipodia. Roundness was defined as 4xmxarea/ (perimeter)®. Statistically significant
difference probability values for comparison with those for cells on PLLA flat substrates: **P<0.01, *P<0.05. n: number of
cells measured.

3 SH-SY5Y 7 PLLA 5 2R NEMBERAFEER L1E5F 4 h G AN EOBREBRIBAHLE
ERHRE

Fig. 3 Confocal microscopic images of SH-SY5Y human neuroblastoma cells on PLLA micropillar arrayed
topographic substrates and PLLA flat substrates stained for actin cytoskeleton 24 h after plating. Topographic substrates
were represented by nominal pillar diameter-nominal spacing in micrometers. (A) 2-2 um topographic substrate. (B)
2-7 um topographic substrate. (C) 4-2 um topographic substrate. (D) 4-7 um topographic substrate. (E) flat substrate.
Actin cytoskeleton (green) was stained with FITC-phalloidin in a concentration of 5 pg/mL while cell nuclei (blue) were
stained with 4',6-diamidino-2-phenylindole (DAPI) in a concentration of 10 pg/mL.
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BRI IEHAT L, ZEROH: MR8 R b
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THRK IS VEGFE | IL-8 (/M He s, 48 MTT ¥
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M3t . R 3 Bl AT L, 5 PLLA “Fifi4h
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FNEE R FEE 9 VEGE 43 ik B J 189 25 (P <
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i) VEGF Zr st s T34 (P> 0.05). M3k
4 "0, 5 PLLA VUi 38ic 4 iy IL-8 43 it
[(3.85+1.47) pg/10* cells]#H L, SH-SYSY 4ilffifE
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[(9.35+4.30) pg/10* cells[{fiF NS LIRS 1 HY TL-8 43
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FFNEEAILE E - i 1 (P > 0.05),
M EIRZERIRATTAT L& B, SH-SYSY 4HiAEASC
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8¢ IL-8 ZF R 42 PLLA ST 256 | B g 3 g
BT, HATE 2-7 pm IFEEHEILIE F VEGF
I IL-8 F) 30t ] s LD 38 P e

&3 SH-SYSY ZM27% PLLA T EERMMIEMTIBAHNEHEK L VEGF 92
Table 3 Secretion of VEGF by SH-SYS5Y human neuroblastoma cells interfaced with PLLA flat substrates

and micropillar arrayed topographic substrates

Substrates Mediurp VEGF Ce411 density Cellular };ield of VEGF
concentration (pg/mL) (10” cells/mL) (pg/10” cells-24 h)
2-2 pm 6.34+2.96 0.56+0.24 13.14+5.18
2-7 um 6.73+3.35 0.48+0.14 14.67+5.34 *
4-2 um 7.71£2.15 0.65+0.3 10.62+3.21
4-7 ym 7.37£2.9 0.47+0.25 18.91+8.8 *
FLAT 7.24+4.24 0.74+0.46 10.15£2.9

Notes: values were presented as X S of 8 measurements. Topographic substrates were represented by nominal pillar
diameter-nominal spacing in micrometers. FLAT refers to two-dimensional flat PLLA substrates. Medium VEGF
concentrations were detected using the enzyme linked immunosorbent assay 24 h after culture in serum-free DMEM medium.
Cell densities were determined with methylthiazolyl tetrazolium (MTT) assay. Concentrations and cell densities were
evaluated in a volume of 1 mL. The 24 h cellular VEGF yield was defined as medium concentration divided by cell density.
Statistically significant difference probability values for comparison with those for cells on flat substrates: *P<0.05.
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#& 4 SH-SYSY #HAE7E PLLA TEERAMMHEMETIRIBINEMER L IL-8 D8
Table 4 Secretion of VEGF by SH-SYSY human neuroblastoma cells interfaced with PLLA flat substrates
and micropillar arrayed topographic substrates

Substrates Medil%m IL-8 Cill density Cellular4yield of IL-8
concentration (pg/mL) (10" cells/mL) (pg/10” cells-24 h)
2-2 um 4.24+1.53 0.56+0.24 8.334£2.32 *
2-7 um 4.73+£2.24 0.48+0.14 9.35+4.30 *
4-2 um 3.35+1.88 0.65+0.3 5.16+2.39
4-7 pm 2.12+1.77 0.47+0.25 4.01+2.83
FLAT 2.93+1.12 0.74+0.46 3.85+1.47

Notes: values were presented as X +S of 8 measurements. Topographic substrates were represented by nominal pillar
diameter-nominal spacing in micrometers. FLAT refers to two-dimensional flat PLLA substrates. Medium IL-8 concentrations
were detected using the enzyme linked immunosorbent assay 24 h after culture in serum-free DMEM medium. Cell densities
were determined with MTT assay. Concentrations and cell densities were evaluated in a volume of 1 mL. The 24 h cellular
IL-8 yield was defined as medium concentration divided by cell density. Statistically significant difference probability values
for comparison with those for cells on flat substrates: *P<0.05.
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mRNA 35847 TH, L) GAPDH Hy N2 3t =l —

R 2 2SR F I 3E D] mRNA AT 2% 22 27 42 47 FLAT
ki, ERIEM mRNA BT RBKFE. B 4
7 SH-SYSY ZHMI7E PLLA fH: FE4 B4 g iy
B PLLA — 4 F1E 3K - VEGF ) mRNA
X IR R . MWEIRET L, 7E 4 Fidf s iR
I SH-SYSY #ifid VEGF kil w22 PLLA ¥
A 56 IS bR I 3R 6 1 3 M B K R B
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SH-SYSY #iifE PLLA o 450 B it by 3
JK & PLLA 4 F1ai LI I IL-8 ) mRNA X}

Substrates

4 SH-SYSY 4HAR7E PLLA i 5 BUR S
[ER —#TFEEK L VEGF mRNA 3 RIX2E

Fig. 4 Relative expression of VEGF mRNA by SH-SYSY
human neuroblastoma cells interfaced with PLLA flat
substrates and micropillar arrayed topographic substrates.
Values were presented as X S of 3 measurements.
Topographic substrates were represented by nominal pillar
diameter-nominal spacing in micrometers. FLAT refers to
two dimensional flat PLLA substrates. Measurements were
carried out 24 h after culture in serum-free condition. The
274" method was used to calculate the VEGF expression
relative to GAPDH. Statistically significant difference

Fikt, K S FURGEREY, 1E 2-7 um TP
IR | SH-SYSY 4iififl IL-8 mRNA Fiki &
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probability values for comparison with that for cells on
PLLA flat substrates: *P<0.01.
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Fig. 5 Relative expression of IL-8 mRNA by SH-SYSY
human neuroblastoma cells interfaced with PLLA flat
substrates and micropillar arrayed topographic substrates.
Values were presented as X =S of 3 measurements.
Topographic substrates were represented by nominal
pillar diameter-nominal spacing in micrometers. FLAT
refers to two dimensional flat PLLA substrates.
Measurements were carried out 24 h after culture in

ANCt

serum-free condition. The 2~ method was used to

calculate the IL-8 expression relative to GAPDH.
Statistically significant difference probability values for
comparison with that for cells on PLLA flat substrates:
*P<0.05, **P<0.01.

T PLLA “FIRIEIE AR AR R Rk (e
12.6 fff, P<0.01), WfEHA 3 FhFbaiHEEEIR
2 TL-8 ek B AU 5 T PLLA Y- TS 14
MR 2k (T 1.6~4.4 1%, P <0.05),

3 itk

AL 5 2 LA 78, SR T3
R 45 20 5 R R 05 90 2 o LR R 7E
PR T 257 SO SR 9554 RS R | 33
15 F G BF 5 LR BT $ N5 K 5 40 T 30 B 1 56
VERW T HE , TEANIBGRES RO TR E h BAT

X SO RS B F NS R R Y
A S S AR IR R AROK 20 LA A T
B, B T AR AR AR R 1) 25 BB ) DA S5 £
BRI AR, R B C LT T 55w
b B T RS H A s A Y S —
PLLA Z7EZHZUTAR M RS 2 vh iz s i AR
el AR ADRE, LA AR 250 C SR Z 15
PRSP P A0 B2 U FRAR Y SR
R FATLL PLLA % T 4 CE N 4 um,
2 LEARS N 2 pm F 4 pm, 4 XIAIFE S35
2 pm F1 7 um (Y 4 FOROH: RS RIPRFNAS R BRI
SIS R B, UL PLLA il 25 (0 B 51 R 41 N2 AL 185 AT
ML, A LA RS RS B0 ESR . 5
PDMS ok FESI R M L 26, PLLA
THORT: [ 5] R0 1 F I 45 A 7 41 il Fl - S TR A /S
BN (2 pm ) AOMTRIERIIR , (A7ERS
TR T A A R e IE DR TR 58 B 40 D 25 1 1
G, X RHIEINSEZ) B I IR I & il % PLLA
AL R 91 2 3 4 N5 AR BL IS I A 2T B
AL T SH-SYSY 4iiE7E PLLA flh: %
FI R FDEE I HENE IS A SR, SRR
AR g BEAR G 40 M Bl 2 SR R B SR RIS . G R
PEEL 2 F, HE& NS F LR 4 R
CLZRH] 1 M2, FTLABEIA R 2Rl = Lo 2 4y
JIG. SR, BT A R/IN S s g R 25 5
TE K BE LIS b3l W A — a2 BB TR B 28 LY = 4R 4
MIAEA . X —RE S &, DR Es I T 20
AR SOReE R, JFH 5L T 4p
JIG DA R R A5 # A i R b = 4 X E A AR
17 R A AE DG HAT EE 2 3
ATLAEHE 7 B AR % SH-SYSY
0 7E F PSS R LR B R IR AR KIS R

cjb@im.ac.cn



1640 ISSN 1000-3061 CN 11-1998/Q Chin J Biotech November 25,2013 Vol.29 No.11

AT T AT . SRR, 16 4 B PLLA Jhfhghta
LA 1 B PLLA 4L, 2-2 um Al
4-2 pm MR ILIT E AN S PLLA - i LI 1
TG S AR, T 2-7 pm RTINS R ELIRE b 4
T = AR A FTE 8 A a3 DL K 5 Z AR
F /N L 60 BT, 4-7 pm AR NSRBI B 40 i
TBASHY B ) T[RRI 5L S5 A A 240 B 58 11
X — 45 SR 7R A0 F I 2 R L R 1 Bl 4 4 RS R
i 240 LT 25 S AR E L 2 o % PLLA #iFhah
FASLJES I 20 B 2 T AR o A R B, 5T
TSGR AN H AL, FENES R SLE 4
e R B W S R IR sl TR . X — SIS
20 5 25 S 5 200 R AR G g O S Y 2 R —
. BORTRERRE SH-SYSY 40 EA M
WUBh & P2 45k, JEHR B 20 .
1fi 2-2 pm A1 4-7 pm FFhES LIS A0 AE iR T4
Jre TR AR A W R i L3N & 1 sk 22 o i DA
Cytodex il BR £ [ 31 = 4 4 0 45 # 5L i PO 0
PLLA = 4Ef/NMUE R iF5E % B, SH-SYSY
200 607 200 i = 2 35 3% 0 N U R s A
FR R0 = BREA K . 5 E R
20 P Jre TR BH SRR AIG o 285 A AR SO A 3k
JE_ - AT Rl R AT SR 45 R, AT 7ER
A PLLA fHERESI B3N E5HE | SH-SYSY 4
PR il JRE AR EE A S ) T P IR B R R R
g1 O 302 e 278 4 N2 VY B9 ol e 04 o ke 1 )
HARMRAE K S RIE, 520 g5
KRR, 78 = 2R 1A Z2 v 4 L 5 200 o
[5R]  4H RLT A5 AREAR P  JR AR B, SRR S 241
AR HE— A7 AN = D REF Y (S A

XS SLIK 40 Ml VEGF #1 IL-8 1943

http://journals.im.ac.cn/cjben

WA T TR R, SH-SYSY 2 i 7E Fir il 4%
[ 4 # PLLA #hFb45 4 5LK ) VEGF F1/% IL-8
SR AL PLLA -T2 44 - B 8 34 vy sl 3
5, HPTE 2-7 pm SN ELE - VEGF AT IL-8
(14) 40 e [R) 1 BB S A 38 v . X mRNA ik
IR BEAT S22 i g B PCR AN & BX, SH-SYSY
YN AE S FEEF LR - VEGF Al IL-8 ) mRNA
FeIR TR [A) R BE b = TP A5 AL b 0 M Y R
ki, HWPTE 2-7 pm RS SRR B VEGF F
IL-8 ] mRNA Fik i EZ gt E3¥ R
WEEERY EIE (050 BT 20.5 £5F0 12.64 %), ik
VEGF FlIL-8 43 WA FN 63K 1 1 5 S P A 2 Bl
e S O 1 3 P d el 4 4 N L e <3 o
A LR BRI 1M1 P 43 A 1) = 24 240 L R ol — 4
(BN R4 AR Bl AR /N T R E
B 371 oA O 2 A A 1 [ i W 0 o
/NHTN SH-SYSY 4iiiY) VEGF Fl IL-8 43 i 8¢
Z VT2 A b A 240 ) A 7 A R S 9
(FrRRVR . FARZS AR, SH-SYSY 4HH7E
IO B 20 T F N2 F IS B 57 — 4R/ N YT 5%
P F HA 2L VEGF I IL-8 40 i AR T TR
SH-SYSY #ififi7E PLLA #iFb&sfySL)E b
VEGF Fl 1L-8 &35 1 53 b it 45 =2 V- THI 45 14 14 A
BRI B, HaX—RE Mo ny B R
L8 e TR ) W SR AR, 3X — 45 1478 VEGF il
IL-8 A A REVE N SH-SYSY 4HMTE SR FINGS# LS
R A RRE R SR . AT RS,
A G T 2 LA 0 45 ) BRI T T 45 4 oA
KPR AA KR (R 3 Mk 4), XRWIH
WL EIEAS R or AT A vl e 252 VEGF #l IL-8
FKIKFFWRMEZEF R, SH-SYSY 4iffi7E



TSR F/RIBMERSBIRIMEMER L SH-SYSY 48 VEGF 1 IL-8 R i RFik 1641

2-7 um PR FEEFYELIE b B R AR B R AIRAL , i8R
PR v AR AR AR BE /I 4 R 1 B ik
228 AR AL RFAE . SRR, fE 1% +b
SEFIILIE | VEGF Ml IL-8 & /A a1y
(I HE S BRI B A T . X — IR
SH-SY5Y ZHifi7E#hh 44 3E)E | VEGF, IL-8
IR NG5 WA 0 1 v AN AU T 40 L ) T A A
REAR, P RE 55 40 73 AR A B A A DG OG
Ro O, REWA NN EEIT TR
SH-SYSY 4l JE A8 k& LA K. VEGF il IL-8
SRR E R, SR —FI e S | e 4 e e AR
JE B0 () D5 R TR T T I 25 b 2 A L T g
LA K AN VEGF il IL-8 f) 43 i Al 22 1k ] fig H.
A AR R AT 5 A X — [ B 1 i — 2P
W% .

PG5 AL LR TR A A 2 A i 355 SR 1R
ek T S A M B TE S T AR AL L T A
o8 P 4 D 235 ) 8 S 11 T 40 it % 5 A — A A B I
(%) P I S G 2 A TS 285 R e 10 e 7T 4
JREFEFE WS WA BEE A% N AR DG, ZERT T
T RE ST LA R G 5 0 F IRk Th A 5 %
AOPEI Y 3 T4, =4k RAnHh et re
5 ) 24 L P9 D 285 o K% Ak 14 ] s R 8 42
ZEONM B T , i VGCCs! 202y g g i 1
A RTBe

HENT PR 2 A A =Gk SR DA R IR AR
T H AR AR SO, bR R R T
0 M AE = HE B F S A RIS A E AR ROREEY
{6l 5 . PR S PR F B, ML, A
ORI W 15 A ST A Ry i 2 A B TE AR Fh 2
P RN = AE TR A5 AR 25 T 155 300 0 By B i oy 4 110
MR EE S % . XTF VEGF f1 1L-8, E&

A MRIFFE R WITE = 4E 2500 1% 18 519 43 Wb
Fok b B FRU>% 0 B O VEGF Al IL-8
JE W o 20 240 B 0 e 4 B 3R IR 1 BT
AR T B — 2038, VEGF #1 IL-8 J& i
AN VGCCs [ 143 R5 4 5 2 e 7 14 114 58
LA IN O AN VEGF | IL-8 4351
VEF T 464400 F SH-SYSY 4RI, 1E8sE
[ Ve B I N VEGF (2~200 ng/mL) 1 IL-8
(0.0005-1 nmol/L) AJ A5G| 4l il VGCCs H g
NPk R A . X — & BlHR/R, VEGF il 1L-8
AT RE R G = 4E S NS5 R S5 T A i i
VGCCs By B i o 4 w0 4% 1 45 56 7 19 HIL

ARSI A T A LEARN 2 pm F
4 pm ., fFE R SR 2 wm A1 7 pm FE) 4 Fh 40
RIRFNGE LS, FF9BL T SH-SYSY Afhze
YA A 5 PLLA RN LR R A 5T
KB, SH-SYSY 4M7E 2-2 ym., 4-2 pm., 4-7 pm
WIS LS B9 VEGF B 1L-8 15040 B
FH G- TS5 F AR (B BE B8, T AE 2-7 pm
WIS LR | VEGF & TL-8 & [t R
FIRMGF W) E . S7E PLLA TS FAH
e, SH-SYSY 4iffi7Edhdhai i BB 40
MBS iR [ XLl Ffee) 1w
WARE, 408 VEGF K& IL-8 F kM4 iiE ) b
A PR BN A R T AR A B AR, BRI AR
W 51) B RAT: A0 25 40 2 2 W SH-SYSY 46 Jifg
VEGF. IL-8 Rk HELEMIALEIKE, VEGF M
IL-8 R AEF AL SH-SYSY 4l #n a3k

cjb@im.ac.cn



1642 ISSN 1000-3061 CN 11-1998/Q Chin J Biotech November 25,2013 Vol.29 No.11

A KA E S IR A

REFERENCES

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

Guck J, Lautenschlager F, Paschke S, et al. Critical
review: cellular mechanobiology and amoeboid
migration. Integr Biol, 2010, 2: 575—-583.

SL, PA, Albrecht
Three-dimensional extracellular matrix textured
1996, 17(21):

Goodman Sims RM.

biomaterials. Biomaterials,
2087-2095.

Abrams GA, Goodman SL, Nealey PF, et al.
Nanoscale topography of the basement membrane
underlying the corneal epithelium of the rhesus
macaque. Cell Tissue Res, 2000, 299(1): 39—46.
Pamula E, De Cupere V, Dufrene YF, et al
Nanoscale organization of adsorbed collagen:
influence of substrate hydrophobicity and
adsorption time. J Colloid Interface Sci, 2004,
271(1): 80-91.

Harrison RG. On the stereotropism of embryonic
cells. Science, 1911, 34(870): 279-281.

Weiss P. Nerve patterns: the mechanics of nerve
growth. Growth, 1941, 5(Suppl): 163—203.
Flemming RG, Murphy CJ, Abrams GA, et al.
Effects of synthetic micro and nanostructured
surfaces on cell behavior. Biomaterials, 1999,
20(6): 573—588.

Hasirci V, Kenar H. Novel surface patterning
approaches for tissue engineering and their effect
on cell behavior. Nanomedicine, 2006, 1(1): 73—90.
Curtis ASG, Dalby M, Gadegaard N. Cell signaling
arising from nanotopography: implications for
nano-medical devices. Nanomedicine, 2006, 1(1):
67-72.

Chen CS, Mrksich M, Huang S, et al. Geometric

control of cell life and death. Science, 1997,
276(5317): 1425-1428.
Nikkhah M, Edalat F, Manoucheri S, et al.

http://journals.im.ac.cn/cjben

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Engineering microscale topographies to control the
cell-substrate interface. Biomaterials, 2012, 33(21):
5230-5246.

Wu ZZ, Zhu MG, Kisaalita WS, et al. Fabrication
of arrayed topographic substrates and their effects
on the electrobiophysical properties of neuronal
cells. Chin J Sensor Actuat, 2011, 24(4): 467-474
(in Chinese).

RFEE, KW, Kisaalita WS, 2. 5 G3H
IS ey 5 G 11 1) 8 B OGS A 22 440 L b, A L B
R kA 52 0 . AR R OR I, 2011, 24(4):
467-474.

An ZX, Huang QP, Wang ZW, et al. VGCC
responsiveness of SH-SYS5Y human neuroblastoma
cells in the PLLA three-dimensional microwell
patterns. Chin J Sensor Actuat, 2012, 25(3):
307-312 (in Chinese).

IR, war, EIEfE, 5F. RILR s
2 F T N 22 B 200 98 200 v T AR DA 545 e
B S RE R N E. AR R R, 2012, 25(3):
307-312.

Wu Z7Z, Wang ZW, Zhang LG, et al
Responsiveness of voltage-gated calcium channels
in SH-SYS5Y human neuroblastoma cells on
quasi-three-dimensional micropatterns formed with
poly(l-lactic acid). Inter J Nanomed, 2013, 8:
93-107.

Klapperich CM, Bertozzi, CR. Global
expression of cells attached to a tissue engineering
scaffold. Biomaterials, 2004, 25(25): 5631—41.
Cheng K, Lai Y, Kisaalita WS, Three-diemnsional
polymer scaffolds for high throughput cell-based
2008, 29(18):

gene

assay Biomaterials,
2802-2812.
Fischbach C. Kong HJ, Hsiong SX, et al. Cancer

cell angiogenic capability is regulated by 2D

systems.

culture and integrin engagement. Proc Natl Acad
Sci USA, 106(2): 399—-404.
Zhang LG, Wu ZZ, Song ZQ, et al. Fabrication of



TSR F/RIBMERSBIRIMEMER L SH-SYSY 48 VEGF 1 IL-8 R i RFik 1643

[19]

(20]

[21]

[22]

(23]

three-dimensional microwell patterns and their
integration with C17.2 neural stem cells. J Biomed
Eng, 2012, 29(3): 555-562 (in Chinese).

SRADE, SRR, RIEA, S5 S4ERUMMER
Ml LS C17.2 M THME &, APk
TR, 2012, 29(3): 555-562.

Zhe SL. The application of PLA/PLGA in tissue
engineering. J Tissue Eng Reconstr Surg, 2011,
7(4): 235-237 (in Chinese).

PrEF]. PLA/PLGA JLJRWTE 4 21T RE i i
M. HA TRYSEEINRZE, 2011, 7(4):
235-237.

Wu ZZ, Zhao YP, Kisaalita WS. A packed Cytodex
microbead array for three-dimensional cell-based
biosensing. Biosens Bioelectron, 2006, 22(5):
685—693.

Guilak F, Cohen DM, Estes BT, et al. Control of stem
cell fate by physical interactions with the extracellular
matrix. Cell Stem Cell, 2009, 5(1): 17-26.

Versaevel M, Grevesse T, Gabriele S. Spatial
coordination between cell and nuclear shape within
micropatterned endothelial cells. Nat Commun,
2012, 3: 671.

CH, Collier JH, Sfeir

Thomas CS, et al

[24]

[25]

[26]

[27]

(28]

Engineering gene expression and protein synthesis
by modulation of nuclear shape. Proc Natl Acad Sci
USA, 2002, 99(4): 1972—-1977.

Dalby MJ, Riehle MO, Sutherland DS, et al. Use of
nanotopography to study mechanotransduction in
fibroblasts—methods and perspectives. Eur J Cell
Biol, 2004, 83(4): 159-69.

Wu ZZ, Kisaalita WS, Wang L, et al. Effects of
topography on the functional development of
human neural progenitor cells. Biotechnol Bioeng,
2010, 106(4): 649—659.

Lai Y, Amish A, Kisaalita WS. Biomarkers for
simplifying HTS 3D cell culture platforms for drug
discovery: the case for cytokines. Drug Disc Today,
2011, 16(7/8): 293—297.

Meng H, Zhang Z, Zhang R, et al. Biphasic effects
of exogenous VEGF on VEGF expression of adult
neural progenitors. Neurosci Lett, 2006, 393(2/3):
97-101.

Puma C, Danik M, Quirion R, et al. The chemokine
interleukin-8 acutely reduces Ca(2+) currents in
identified cholinergic septal neurons expressing
CXCR1 and CXCR2 mRNAs. J
Neurochem, 2001, 78(5): 960—971.

(ALTiH METTT)

receptor

cjb@im.ac.cn




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks true
      /AddColorBars true
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks true
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


