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Impacts of surface micro-topography on cellular biological responses

GONG Yuan-wei SUN Shujin LU Dongyuan LI Zhan LONG Mian( Key Laboratory of
Microgravity Center of Biomechanics and Bioengineering Institute of Mechanics Chinese Academy of Sci-

ences Beijing 100190 China)

Abstract: Culturing cells on planar substrate in vitro is a conventional cell biology method. However each type of
physiological tissues has its specific three-dimensional micro-structure which provides various micro-environment
to regulate such biological processes as cell proliferation and differentiation. To date a growing body of research
on the impacts of substrate microtopography on cellular responses has been documented in the literature. It is
found that microtopographical substrate can manipulate cell spreading migrating orientating cytoskeleton re—
modeling and stem cell differentiation which are crucial to ex vivo tissue construction and surface modification of
medical implanting materials. The recent advance abont effects of substrate micro-topography on cellular respon—
ses and the underlying mechanisms of mechano-biological coupling is discussed in this review.
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Fig.1 Different spreading shape of human corneal epithelia cells on

grooved ( a) and planar ( b) substrates
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Fig.3 Cascade of mechanical transduction in response to micro-topological substrate ( a) Schematic of mechanical transduction (b) Sensing of

extracellular micro-topological changes ( ¢) Potential intracellular signaling pathways

( niche) . ;
1 van Delft FCMJ van den Heuvel FC Loesberg WA et al. Man—
ufacturing substrate nano-grooves for studying cell alignment and
adhesion ] . Microelectron Eng 2008 85(5-6) : 1362-4366.
° 2 Su WT Liao YF Chu IM. Observation of fibroblast motility on a
micro-grooved hydrophobic elastomer substrate with different geo—

metric characteristics J . Micron 2007 38(3): 278-85.

3 Teixeira Al Abrams GA Bertics P] et al. Epithelial contact
guidance on well-defined micro— and nanostructured substrates
: @ J . J Cell Sei 2003 116( Pt 10) : 18814892.
~ ; @ 4 Wilkinson A Hewitt RN McNamara LE et al. Biomimetic mic—
: @ rotopography to enhance osteogenesis in vitro J . Acta Biomate—
; @ rialia 2011 7(7): 2919-2925.
5  Chen CS Mrksich M Huang S et al. Geometric control of cell
B life and death J . Science 1997 276(5317): 1425-4428.

° 6

N J. 2009 24(4):
256262.
Li ZH Sun S] Long M. Proliferation differentiation and migra—
tion of rat bone marrow mesenchymal stem cells on micropatterned
° J . ] Med Biomech 2009 24(4): 256262.
7  YangJY Ting YC Lai JY et al. Quantitative analysis of osteo—



120

28
Journal of Medical Biomechanics

1

2013 2

Vol. 28 No.1 Feb. 2013

13

15

16

19

20

21

blastdike cells ( MG63)

morphology on nanogrooved substrata
with various groove and ridge dimensions J . ] Biomed Mater
Res Part A 2009 90A(3): 629-640.

Wang PY Yu HT Tsai WB. Modulation of alignment and differ—
entiation of skeletal myoblasts by submicron ridges/grooves surface
structure ] . Biotechnol Bioeng 2010 106(2): 285294.
Fujita S Ohshima M Iwata H. Time-apse observation of cell a—
lignment on nanogrooved patterns J . J R Soc Interface 2009
6( Suppl 3) : S269-877.

Watari S Hayashi K Wood JA et al. Modulation of osteogenic
differentiation in hMSCs cells by submicron topographically—-pat—
terned ridges and grooves ] . Biomaterials 2012 33(1):
128436.

Altomare L. Gadegaard N Visai L et al. Biodegradable micro—
grooved polymeric surfaces obtained by photolithography for skele—
tal muscle cell orientation and myotube development J . Acta
Biomaterialia 2010 6(6): 1948-1957.

Kim DH Han K Gupta K
blast cell shape and movement to anisotropic substratum topogra—
phy gradients J . Biomaterials 2009 30(29) : 5433-5444.

Wang Y Jiang XL Yang SC

et al. Mechanosensitivity of fibro—

et al. MicroRNAs in the regula—
tion of interfacial behaviors of MSCs cultured on microgrooved sur—
face pattern J . Biomaterials 2011 32(35): 92079217.
Mata A Boehm C Fleischman AJ et al. Connective tissue pro—
genitor cell growth characteristics on textured substrates J . Int
J Nanomed 2007 2(3): 389-406.
Karuri NW  Nealey PF Murphy CJ et al. Structural organiza—
tion of the cytoskeleton in SV40 human corneal epithelial cells
cultured on nano—and microscale grooves J . Scanning 2008
30(5) : 405413.
Ferrari A Cecchini M Serresi M et al. Neuronal polarity selec—
tion by topography-induced focal adhesion control J . Biomate—
rials 2010 31(17): 4682-4694.
Yim EKF Darling EM Kulangara K et al. Nanotopography-in—
duced changes in focal adhesions cytoskeletal organization and
mechanical properties of human mesenchymal stem cells J .
Biomaterials 2010 31(6): 1299-4306.
Hu W Crouch AS Miller D et al. Inhibited cell spreading on
polystyrene nanopillars fabricated by nanoimprinting and in situ e—
longation J . Nanotechnology 2010 21(38): 385301.
Ghibaudo M Trichet L Digabel JL et al. Substrate topography
induces a crossover from 2D to 3D behavior in fibroblast migration
J . Biophys ] 2009 97(1): 357-368.
Poellmann MJ Harrell PA' King WP et al. Geometric microen—
vironment directs cell morphology on topographically patterned hy—
drogel substrates J . Acta Biomaterialia 2010 6(9): 3514-
3523.
Brammer KS  Choi C Frandsen CJ et al. Hydrophobic nanopil-
lars initiate mesenchymal stem cell aggregation and osteo-differen—

tiation J . Acta Biomaterialia 2011 7(2): 683-690.

Kim E] Boehm CA Mata A et al. Post microtextures acceler—

23

24

25

26

27

28

29

30

31

32

33

34

35

36

ate cell proliferation and osteogenesis ] . Acta Biomaterialia

2010 6(1): 160469.

Turner AM  Dowell ML Turner SW et al. Attachment of astro—

glial cells to microfabricated pillar arrays of different geometries
J . ] Biomed Mater Res 2000 51(3): 430-441.

Tan JL. Tien J Pirone DM et al. Cells lying on a bed of mi-

croneedles: An approach to isolate mechanical force J . Proc

Natl Acad Sci 2003 100(4) : 1484-1489.

Fu JP Wang YK Yang MT et al. Mechanical regulation of cell

function with geometrically modulated elastomeric substrates J .

Nature Methods 2010 7(9): 733736.

Steedman MR Tao SL Klassen H et al. Enhanced differentia—

tion of retinal progenitor cells using microfabricated topographical

. Biomed Microdevices 2010 12(3): 363369.
Seo CH Furukawa K Suzuki Y et al. A topographically opti—

cues J

mized substrate with well-ordered lattice micropatterns for enhan—
cing the osteogenic differentiation of murine mesenchymal stem
cells J . Macromole Biosci 2011 11(7): 938-945.

Seo CH Furukawa K Montagne K et al. The effect of substrate
microtopography on focal adhesion maturation and actin organiza—
tion via the RhoA/ROCK pathway J . Biomaterials 2011 32
(36) : 9568-9575.

Wang . Murthy SK Fowle WH et al. Influence of micro-well
biomimetic topography on intestinal epithelial Caco2 cell pheno—
Biomaterials 2009 30(36) : 6825-6834.

Lord M Foss SM. Influence of nanoscale surface topography on

type J .

protein adsorption and cellular response ] . Nano Today 2010
5(1): 6698.

Kishore V. Bullock W Sun XH et al. Tenogenic differentiation
of human MSCs induced by the topography of electrochemically a—
ligned collagen threads J . Biomaterials 2012 33(7): 2137-

2144.

2011 26(1): 8791.
Zhang P Fang B Jiang LY. Effect of mechanical stimulation on
osteoblast cytoskeleton J . J Med Biomech 2011 26(1): 87—
91.
Liu SC Calderwood DA Ginsberg MH. Integrin cytoplasmic do—
main-binding proteins J . J Cell Sci 2000 113(20) : 3563-
3571.
Parker KK Ingber DE. Extracellular matrix mechanotransduc—
tion and structural hierarchies in heart tissue engineering J .
Philos Trans R Soc Lond B Biol Sci 2007 362( 1484) : 1267-
1279.
Vogel V. Sheetz M. Local force and geometry sensing regulate
cell functions J . Nat Rev Mol Cell Biol 2006 7(4): 265-
275.
Padmakumar VC  Libotte T Lu WS et al. The inner nuclear
membrane protein Sunl mediates the anchorage of Nesprin2 to
J . J Cell Sei 2005 118( 15): 3419-

the nuclear envelope

3430.



