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Effects of three-dimensional microstructures on silicon and glass substrates on
growth of breast cancer cell line MCF-7

ZHANG Bao-zeng, CHEN Di, CUI Da-xiang , PAN Bi-feng ( National Key Laboratory of Nano/Micro Fabri-
cation Technology, Key Laboratory for Thin Film and Microfabrication, Ministry of Education, Institute of Mi-
cro/Nano Science and Technology, Shanghai Jiaotong University, Shanghai 200030, China )

[ Abstract ] Objective: To investigate the effects of three-dimensional microstructures of silicon and glass substrates on
the growth of breast cancer cell line MCF-7. Methods: Three-dimensional microstructures ( grooves, pentagons, and gear
wheels ) of silicon and glass substrates were fabricated by micro-fabrication technology, and were then co-cultured with
MCF-7 cells for 1- 4 days. Phase contrast microscope and scanning electron microscopy were used to observe the distribu-
tion, size, shape, and growth of MCF-7 cells, MTT was used to analyze the effects of the microstructures on the prolifera-
tion of MCF-7 cells, and flow cytometry was used to analyze the amounts of apoptosis cells. Results: These microstruc-
tures, including grooves, pentagram and gear wheels, were successfuly fabricated by micro-fabrication technology. MCF-7
cells were prone to grow on the bottom of grooves, pentagram and gear wheels; few cells were observed on the top and
sidewalls of microstructures. Round suspension cells gradually increased as the cell culture time increased. Few cells exis-
ted on the surface of control silicon substrate, and the adhesive cells were easily detached from the substrate; however, a-
bundant spindle-shaped MCF-7 cells grew evenly on the surface of glass substrate. MTT analysis showed that as the culture
time increased, the inhibition of cell proliferation on the microstructures on the glass and silicon substrates decreased grad-
ually ( P <0.01,P <0.05 ); flow cytometry analysis showed that as the culture time increased, apoptosis cell number also
increased gradually ( P <0.01,P <0.05 ). Conclusion: Micron level microstructures, such as grooves, pentagram and
gear wheels on the substrates of silicon and glass, can inhibit the growth of MCF-7 cells and induce cell apoptosis, which

hold much potential for application in tumor therapy.
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Fig1 Process of fabricating SU-8 microstructure
using lithographic process
a:Substrate pretreatment; b:First coat, soft bake,
expose and post exposure bake; c¢: Second coat, soft
bake; d: Expose, post exposure bake and development
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Fig. 2 Configuration of SU-8 microstructure fabricated

on silicon and glass and morphology of MCF-7
cancer cells cultured in it
A and B: Pictures of microstructures fabricated on silicon,
which are shot by field emission gun scanning electron
microscopy( FEG-SEM ); C: Picture of another line shape
structure fabricated on silicon, which is shot by microscopy
with reflex; D, E, and F: Pictures of cancer cells shot by
FEG-SEM; G: Picture of cancer cells cultured on SU-8 micro-
structure fabricated on glass, shot by microscope; H: Picture
of cancer cells cultured on SU-8 microstructure fabricated on
glass, shot by microscope with transmit light; I: Picture of
cancer cells cultured on SU-8 structure fabricated directly on

glass, shot by inverted microscope
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Fig. 3 Effect of silicon and glass substrate

on proliferation of MCF-7 cancer cells
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Tab.1 Proliferation inhibitory rates of MCF-7 cells caused by microstructures

Culture time ( h)

Groups
24 48 72 96
Glass control 0.43 £0.11 1.12£0.22 2.36 +£0.36 4.23+1.14
Glass based microstructures 0.54 +0.21 4.23 +1.21 6.93+2.24" 12.8 £3.66""
Silicon control 7.56 £3.23 16.68 +4.46 32.57 £5.67 54.8 +£9.83
Silicon based microstructures 13.34 +6. 124 38.21 £11.4144 61.67 +12.324%  83.4 +13.46%4"

*P<0.05, **P<0.01 vs glass control group; 4P <0.05, 44 P <0.01 vs silicon control group
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Tab. 2 Apoptosis cells rates caused by microstructures at different time points

Culture time ( h)

Groups
24 48 72 96

Glass control 2.13+0.34 3.24 +0.42 5.76 £1.22 7.63 £2.34
Glass based microstructures 2.51+1.2 14.23 +2.24 6.93+2.24" 12.8 £3.45°"
Silicon control 7.86 +£2.44 13.66 +£3.46 21.89 £5.67 32.7 +6.83
Silicon based microstructures 18.34 +3. 124 32.21 +4. 4244 45.67 +6.6744 76.4 +8.9644

*P<0.05, **P<0.01 vs glass control group; #P <0.05, 4P <0.01 s silicon control group

KT S XF MCF-7 4 i iV AL, 30 =X 40 i strates via “ dynamic,” cell intemalizable , ligand microinterfaces

Ao HT s R R B, B G A0 B 15 35 )1 i, 8 240
Bt o Le B2 i, AR A RE RS S S A I R T T
X ] BB A A O AR A 23 A R T S I OG

B AWTIER I B S b A A H RERS
i MCF-7 4R i A= 1, BEAE 5 S M By o 7, )RUAS
BARBIBLEM A TERE A0 25 5y k25 TR T 2 4
TERR IR IR 7 T A S T — R A SRR

[ & % 2 k]

[1] Alison A. Biology’ s new dimension[ J ]. Nature, 2003, 424
(6951 ): 870-872.

(2] HIHE. GURBOREME A Ya T b e R L I 1 b [
FAEMIIRIT 2. 2006, 13(2): 79-82.

[3] Nicolini C, Lanzi M, Accossato P, et al. A silicon-based biosen-
sor for real-time toxicity testing in normal versus cancer liver cells
[ J]. Biosens Bioelectron, 1995, 10( 8 ): 723-733.

[4] Stevens MM, George JH. Exploring and engineering the cell sur-
face interface [ J ]. Science, 2005, 310( 5751 ): 1135-1138.

[5] Tjia JS, Moghe PV. Regulation of cell motility on polymer sub-

[ J]. Tissue Eng, 2002, 8(2): 247-261.

[6] Richards AC, Shawgo RS, Johnson AM, et al. A BioMEMS re-
view: MEMS technology for physiologically integrated devices
[J]. Proc IEEE, 2004, 92(1): 6-21.

[7] Zhang J, Tan KL, Hong GD, et al. Polymerization optimization of
SU-8 photoresist and its applications in microfluidic systems and
MEMS[ J ]. J Micromech Microeng, 2001, 11 (1 ): 20-26.

[8] Lorenz H, Despont M, Fahmi N, et al. High-aspect-ratio, ultra-
thick, negative-tone near-UV photoresist for MEMS applications
[ J]. Sensors Actuators A, 1998, 64( 1 ): 33-39.

[ 9] Voskerician G, Shive MS, Shawqo RS, et al. Biocompatiblity and
biofouling of MEMS drug delivery devices[ J ]. Biomaterials,
2003, 24( 11 ): 1959-1967.

[10 Milgrew MJ, Hammond PA, Cumming DRS, et al. The develop-

[

ment of scalable sensor arrays using standard CMOS technology
[ J]. Sensors Actuators B, 2004, 103 (1 ): 3742.

L1 ]Sk Lk i Am WL, 5%, SU - 8 ORI LRSI T 1. ok
R, 2005,10(3 ): 266-269.

[ 12 ] Rouahi M, Gallet O, Champion E, et al. Influence of hydroxyapa-
tite microstructure on human bone cell resp()nse[ J 1. ] Biomed Mat

Res Part A, 2006, 78A( 2 ): 222-235.



BI13E 5
2006 4 10 H

rf [ M AR MR T AR
Chin J Cancer Biother

Vol. 13 No.5
Oct. 2006

[ 13 ] Oh S, Daraio C, Chen LH, et al. Significantly accelerated osteo-
blast cell growth on aligned TiO, nanotubes| J |. J Biomed Mat Res
Part A, 2006, 78( 1 ): 97-103.

[ 14 ] Pernodet N, Fang XH, Sun Y, et al. Adverse effects of citrate/
gold nanoparticles on human dermal fibroblasts{ J ]. Small, 2006,

2(6): 766-773.

[ 15 ] Luo D. Nanotechnology and DNA delivery[ J ]. MRS Bulletin,

2005, 30( 9 ): 654-658.
[ WFSBH ] 2006 -09 -22 [EEBH ] 2006 -10 -09
[ AxHmE] #

0

[ZEHRE] 1007-385X( 2006 )05-0342-01

0

- B AR

& X hTERT 3F A & 8 7% 20 Ba 43 5 7% 48 B &8 i #6116 A

Inhibitory effect of antisense oligodeoxynucleotides against hTERT on nude mice transplantation tumor of

Tca 8113 cells
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