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Abstract
Mammalian cells respond to their substrates by complex changes in gene expression profiles,
morphology, proliferation and migration. We report that substrate nanotopography alters
morpohology and proliferation of human embryonic stem cells (hESCs). Fibronectin-coated poly(di-
methyl siloxane) substrates with line-grating (600 nm ridges with 600 nm spacing and 600 +/− 150
nm feature height) induced hESC alignment and elongation, mediated the organization of cytoskeletal
components including actin, vimentin, and α-tubulin, and reduced proliferation. Spatial polarization
of gamma tubulin complexes was also observed in response to nanotopography. Furthermore, the
addition of actin disrupting agents attenuated the alignment and proliferative effects of
nanotopography. These findings further demonstrate the importance of interplay between
cytoskeleton and substrate interactions as a key modulator of morphological and proliferative cellular
response in hESCs on nanotopography.

Introduction
In vivo cellular microenvironments are immobilized within tissue, and consist of diverse
extracellular matrix (ECM) proteins that present biophysical cues to the cells via their rich
three-dimensional surface topography [1]. The topographic features within basement
membranes are on sub-micron length-scales [2]. Individual cells integrate the external cues
that arise from their environment and dictate genotypic profiling. Importantly, it is not only
the milieu of soluble, diffusible factors, but also the adhesive, mechanical interactions with
scaffolding materials that drive the different states and functions of a cell, including gene
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expression, adhesion, migration, proliferation, and differentiation [3–5]. For the binding
interactions between the cells and surfaces, it has become increasingly evident that cells are
influenced by spatial domains, structural compositions, and mechanical forces at the micro-
and nano-scale [6]. Cells use transmembrane actin–integrin adhesion complexes as
mechanosensors to probe the rigidity of the extracellular environment, mediate adhesion,
trigger signaling, and remodel the ECM [7].

This has led to the widely tested hypothesis that cellular structure and function can be
influenced by substrates containing with micron and sub-micron scale topography [8]. Cellular
responses to synthetic micro- and nanofabricated substrates [9] via contact guidance [10] has
been observed in a variety of mature cell types [11] including, but not limited to epithelial cells
[12–14], fibroblasts [15–18], oligodendrocytes [19], astrocytes [19], and endothelial cells
[20]. In addition to changes in gross morphology and migration, contact guidance induced up
regulation of fibronectin mRNA in human fibroblasts [21], increased adhesion of epithelial
cells [13], and increased mineralization and alkaline phosphatase activity in rat bone marrow
cells [22].

Human embryonic stem cells (hESCs) have a capability to differentiate into derivatives of all
three primary germ layers, both in vitro and in vivo [23]. Human ESCs differentiation in
vitro follows temporal patterns that recapitulate early embryogenesis in many ways [24]. The
in situ environment of a developing blastocyst contains a complex ECM network, forming a
micro-environment that has ability to affect cell behavior. ESCs are known to respond to the
chemical and mechanical constitution of the ECM through lineage-specific differentiation for
example. In this report, we describe the morphological and proliferation responses of hESCs
to synthetic nanotopography. Furthermore, we studied the contact guidance responses of
hESCs in the presence of actin disrupting agents (ADAs).

We hypothesized that the nanotopography of the substrate can be used to control morphology
and proliferation of hESCs via in vitro contact guidance responses. Utilizing substrates with
nanometer-scale line grating features, we examined the effect of contact guidance of hESCs
on cell cytoskeleton organization and proliferation. In addition to gross morphological changes
including elongation and alignment of cells with the substrate features, spatial polarization of
gamma-tubulin complexes was also observed in cells cultured on nanotopographic substrates.
Furthermore, culturing hESCs in the presence of ADAs further demonstrated that cytoskeleton
remodeling through actin polymerization is critical in the manifestation of morphological and
proliferative aspects of hESCs cultured on nanotopography. To our knowledge, this is the first
study to examine and characterize the contact guidance response of hESCs to linear
nanotopography in the presence of soluble factors that are able to supercede effects for substrate
signaling alone. The identification of downstream effectors of the contact guidance response
in hESCs could lead to subsequent investigations to implicate upstream signaling pathways.

Materials and Methods
Fabrication and Preparation of Nanotopographic Substrates

Traditional photolithographic techniques were used to fabricate silicon masters with line-
grating geometries with target dimensions of 1200 +/− 200 nm periodicity (600 nm ridges with
600 nm spacing) and 600 +/− 150 nm feature height (MEMS Exchange, Reston, VA). Briefly,
100 mm silicon wafers were coated with Shipley SPR220-3 photoresist, exposed using a GCA
AS200 stepper, and post-baked. Wafers were etched using a silicon ICP etch process using
SF6/Argon in a VLR-700. Silicon wafers were then plasma ashed and cleaned for preparation
in replica-molding. Silicon masters were used to replica-mold substrates with linear
nanotopographic features using poly(di-methylsiloxane) (PDMS, Dow Sylgard 184, Essex
Chemical, Clifton, NJ), which was chosen for ease of fabrication and optical clarity to facilitate
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characterization. Due to the hydrophobic nature of PDMS, which typically leads to low
adhesion of cells to surfaces, fibronectin was adsorbed onto the surface to promote adhesion
and attachment of hESCs. Briefly, substrates were plasma cleaned (PDC-001, Harrick
Scientific Co) for 300 sec at approximately 80 W RF power with atmospheric gas at pressures
between 200 and 500 mTorr. A 2.5 μg/mL solution of fibronectin in PBS (Invitrogen
Corporation, Carlsbad, CA) was immediately adsorbed onto the surface, which was incubated
for 3 h at 37 °C and 95% humidity. When applied to PDMS substrates, this procedure resulted
in fibronectin film thickness of approximately 100 nm in previous studies [25,26]. This
suggests that the resulting fibronectin film will not “washout” the nanoscale topography of the
substrate.

Human embryonic stem cells culture
Non-differentiating hESCs (lines H9 and H13, WiCell Research Institute, Madison, WI;
p19-40) were grown on inactivated mouse embryonic fibroblasts (MEF) in growth medium
consisting of 80% KnockOut DMEM, supplemented with 20% KnockOut Serum Replacement,
4 ng/ml basic Fibroblast Growth Factor, 1 mM L-glutamine, 0.1 mM β–mercaptoethanol, 1%
non-essential amino acid stock (Invitrogen Corporation, Carlsbad, CA). hESCs were passaged
every 4 to 6 d using 1 mg/ml type IV collagenase (Invitrogen Corporation, Carlsbad, CA). For
individual cell suspension (i.e. cultured on nanotopographic and flat substrates), hESCs were
digested with EDTA 5 mM in PBS, supplemented with 1% (v/v) FBS (HyClone, Logan, UT),
and separated into individual cell suspension using a 40-μm mesh strainer (Becton Dickinson
–Falcon, San Jose, CA). Undifferentiated hES individual cell suspensions were plated on type-
IV collagen-coated six-well dishes (Becton Dickinson, Franklin Lakes, NJ). For contact
guidance studies, the cells were seeded on substrates at densities of approximately 10,000 cells
per cm2 in a differentiation medium composed of alpha-MEM medium (Invitrogen
Corporation, Carlsbad, CA) supplemented with 10% FBS (HyClone, Logan, UT) and 0.1 mM
β-mercaptoethanol (Invitrogen Corporation, Carlsbad, CA).

Inhibitor preparations
For pathways studies, cells were cultured in media with the following respective concentrations
of inhibitors in solvents (Sigma, St. Louis, MO) listed as noted: 1 μg/mL cytochalasin D in
DMSO, 6.25 μM Latrunculin A (EMD Biosciences, San Diego, CA) in DMSO, 8 μM
Latrunculin B (EMD Biosciences, San Diego, CA) dissolved in DMSO. Media was charged
with fresh inhibitors during daily exchange and the final concentrations of all solvents were
kept below 0.25% (v/v).

Proliferation assays
Cell metabolism was evaluated by the XTT kit (Sigma, St. Louis MO) according to the
manufacturer’s instructions. Human ESCs were incubated for 4 h in medium containing 20%
(v/v) XTT solution. For analysis, triplicates of 150 μl of the medium were removed, placed in
a 96-plate well and read in a microplate reader at 450 and 690 nm. Proliferating cells were
examined via BrdU incorporation. BrdU staining kit (Invitrogen Corporation, Carlsbad, CA)
was used in situ, according to manufacturer’s instructions. Briefly, cells were incubated with
BrdU labeling reagent (1:100) for 24 h, washed several times with PBS (Invitrogen
Corporation, Carlsbad, CA), and fixed with 70% ethanol for 30 minutes at 4 °C. A standard
staining procedure, provided by the manufacturer, was performed and cells were examined and
manually characterized using an inverted light microscope (Zeiss, Germany).

Immunofluorescence of cytoskeleton, focal adhesions, and gamma-tubulin complexes
Human ESCs were fixed in situ with accustain (Sigma, St Louis, MO) for 20–25 min at room
temperature. After blocking with 5% FBS, cells were stained with one of the following primary
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antibodies: anti human alpha smooth muscle actin (SMA; 1:50), anti human calponin, (1:50),
anti human vimentin (1:20; all from Dako, CA), anti human vinculin (1:100; Chemicon
Temecula, CA), anti human alpha-tubulin (1:20; Sigma, St. Louis, MO), anti phosphorylated
myosin light chain (1:50; Cell Signaling), and anti human gamma-tubulin (1:100; Abcam,
Cambridge, MA). Cells were then rinsed three times with PBS (Invitrogen corporation,
Carlsbad, CA) and incubated for 30 min with suitable Cy3-conjugated (Sigma, St Louis, MO)
secondary antibody. Samples were then counterstained with DAPI (1:200; Sigma, St Louis,
MO) for 5 min. Cells were imaged using either fluorescence microscopy (Zeiss, Germany) or
DeltaVision RT Deconvolution Microscopy (Applied Precision, WA, USA). Exposure times
were kept constant across micrographs only when making qualitative comparisons.

Cell morphology imaging and characterization
The transparent PDMS substrates allow for the direct measurement of cell alignment angle
using an inverted light microscope (Zeiss, Germany). SEM and phase micrographs of cells
using a 10X objective lens were used to characterize morphological parameters for each sample
analyzed. The circularity [27] and alignment angle of the cell were calculated manually using
perimeter and area measurements by using Axiovision software (Zeiss, Germany). Digital
zoom was used to increase the magnification and, in turn, increase the accuracy of the
measurements. Alignment angle was calculated by fitting an ellipse to the cell body, measuring
the relative normalized angle between the major axis and the feature orientation. The cell areas
and perimeters were measured using Axiovision measurement software and were used to
calculate the circularity using the following formula:

(Eqn. 1)

where A is the projected area of the cell and P is the perimeter of the cell. Circularity was used
as a metric of cell elongation; average angle was used as an index cell alignment
(Supplementary Fig 1A–B). SEM was also used to assess three-dimensional morphology.
Characterization of polarized gamma tubulin complexes (GTCs) was performed by calculating
the angle made between the longitudinal axis of the nucleus and the line containing the GTC
of interest to the center of the nucleus (Supplementary Fig 1C).

Scanning Electron Microscopy
Cells were fixed with accustain formalin-free fixative (Sigma, St Louis, MO) for 20 min at
room temperature, washed three times with DPBS, and post-fixed with 1% (w/w) OsO4 in
water for 20 min. A graded ethanol series was implemented for dehydration of the cells (25%,
50%, 75%, and 90%, 100% v/v ethanol in ddH20), 5 min per step. The samples were then
immersed for 10 min in 100% ethanol followed by HMDS (Sigma), and allowed to air dry at
room temperature for 24 h prior to imaging. Samples were sputter-coated using a Cressington
108 Auto sputter coater (Cressington Scientific Instruments Inc, Cranberry Twp, PA).
Scanning electron micrographs were taken using a Hitachi S-3500N at 5kV.

Statistics
All measurements of the cell alignment, circularity, SEM imaging, proliferation, and plating
density were performed in triplicate samples across two independent experiments (n = 6).
Morphological observations were based on the sampling over at least n = 100 cells per
population with a minimum of three cell populations per data point. GTC orientations were
calculated from at least 150 total complexes per data point. XTT metabolism assays were
performed in triplicate samples (n = 3) with triplicate readings for each data point. One-tailed
student’s t-tests with unequal variances were performed to determine statistical significance,
where appropriate (Microsoft Excel, Redmond, WA). Parametric one-way and two-way
ANOVA tests were also performed where appropriate (GraphPad Prism 4.02, GraphPad
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Software, San Diego, CA). Bonferroni’s multiple comparison post-tests were used to determine
significance between specific treatments. All graphical data is reported as mean +/− s.d.
Significance levels were set at * p < 0.05, ** p < 0.01, and *** p < 0.001.

Results
Human ESC response to linear substrate nanotopography

PDMS films were established with high fidelity of the feature geometry and dimensions that
were verified through SEM (Supplementary Fig 2). Single-cell suspensions of hESCs cultured
on nanotopographic substrates responded to linear nanotopography by increased alignment and
elongation (Fig 1A), as measured by reduced average angle of alignment and circularity (Fig
1B). Due to the hydrophobic nature of PDMS, a low frequency of hESC attachment on
unmodified PDMS substrates was observed. Less than 50% of cells attached to unmodified
PDMS when compared to fibronectin-coated surfaces as determined by cell density, although
alignment and elongation, fingerprints of the contact guidance response, were observed (data
not shown). Therefore, subsequent studies were performed using fibronectin-coated PDMS
substrates. Human ESCs cultured on nanotopographic substrates exhibited reduced projected
cell areas (Fig 1C) and reduced proliferation, as measured by cell growth kinetics (Fig 1D).
Reduced proliferation was also observed at 24 h and 48 h timepoints via BrdU assay (* p <
0.05) as assessed by two-way ANOVA ((Fig 1E–F).

Contact guidance induces cytoskeletal organization
Cellular responses to nanotopography including alignment, elongation, and organization of
cytoskeleton were observed on substrates with nanotopography. Linear nanotopographic
substrates organized cytoskeletal components, which was evident through differences in
morphology, and cytoskeletal filaments organization and alignment in the same axis as the
grid-lines including α-SMA, vimentin, an intermediate filament which forms part of the
cytoskeleton, as well as, α-tubulin, and calponin (Fig 2). Cell alignment was further verified
by SEM micrographs (Fig 2), deconvolution fluorescent microscopy (Fig 3), and reconstructed
videos of z-stack micrographs (Supplementary Videos 1–3) in hESCs after 24 h.

Polarization of gamma-tubulin complexes (GTCs)
GTCs were present in hESCs at the frequency of approximately 2.98 GTCs per cell. GTCs
present in hESCs cultured on flat substrates exhibit a random radial distribution with respect
to the longitudinal axis of the nucleus when compared to cells cultured on nanotopographic
substrates (Fig 4). The average normalized angle of GTCs in hESCs cultured on flat and
nanotopographic substrates, was observed to be 40.68 +/− 25.42 degrees and 28.42 +/− 24.72
degrees (mean +/− s.d.), respectively (* p < 0.05).

Actin disrupting agents attenuates contact guidance response
To further understand the phenomena of topographic-induced alignment and elongation of
hESCs, we examined the effect of two actin disrupting agents (ADAs) on cytoskeleton
reorganization and proliferative states; cytochalasin D and latrunculin B (herein also referred
to as cyto D and latr B, respectively). The effect of latrunculin A, another actin disrupting
agent, was studied. However, poor cell attachment was observed, which prohibited further in-
depth study (data not shown). Latr B possesses higher specificity in inhibiting actin
polymerization and microfilament-mediated processes. The addition of cyto D and latr B
independently reduced the projected area of hESCs cultured on both flat and nanotopographic
substrates (Supplementary Fig 3). Cells cultured on nanotopographic substrates in the presence
of ADAs lost cytoskeleton organization in a variety of cytoskeletal proteins including α-smooth
muscle actin, α-tubulin, vimentin, and calponin (Fig 5). Human ESCs cultured with soluble
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ADAs also exhibited a more rounded three-dimensional morphology as indicated by SEM
images (Fig 5). Furthermore, the addition of cyto D and latr B to the medium attenuated the
contact guidance response by suppressing elongation as measured by circularity, and alignment
as measured by the angle of alignment (Fig 6A). The alignment angle was significantly
increased in hESCs cultured on nantopographic substrates in the presence of both cyto D and
latr B as determined by one-way ANOVA with Bonferroni post-tests (*** p < 0.001 and ** p
< 0.01 for cyto D and latr B, respectively). In general, the addition of ADAs reduced the project
surface area and increased circularity on both nanotopographic and flat substrates.

Proliferation rates were also increased in the presence of these agents as demonstrated by
increased growth kinetics as measured by cell densities (Fig 6B), which resulted in colonies
of rapidly proliferating cells. This observation was corroborated with increased BrdU uptake
of cells in the presence of cyto D and latr B at 24 h (*** p < 0.001) as determined by one-way
ANOVA (Fig 6C). The metabolic activity of the cells was increased in the presence of cyto D
(Fig 6Di) and latr B (Fig 6Dii) alike at 24 h, as measured by XTT cleavage assay. This increase
in proliferation and metabolic activity upon the addition of ADAs was observed across both
nanotopographic and flat substrates (Supplementary Fig 4). Consequently, the observed
reduction in proliferation of hESCs cultured on nanotopographic versus flat substrates is lost
in the presence of actin-disrupting agents. The statistical significance of differential BrdU
uptake of cells cultured on nanotopographic versus flat substrates is lost in the presence of
ADAs (* p < 0.05 without ADAs; p = 0.64 with ADAs).

Discussion
Our objective was to characterize the in vitro contact guidance response of hESCs to ordered
substrate nanotopography. Of specific interest was the assessment of gross morphology,
alignment, proliferation, and cytoskeleton organization. The hierarchal preference of signaling
through substrate chemical patterning versus substrate topography has been studied in various
cell types by others. However, we were interested in exploring the coupled effects of soluble
factors present in culture medium and nanotopographic cues provided by the substrate.

There have been numerous studies that document contact guidance in mammalian cells using
microfabricated substrates with a variety of feature sizes and geometries [11–19]. In this study,
the motivation for using a line-grating with 600 nm as a feature size for our subsequent
nanotopographic studies was two-fold: 1) Features should be large enough allow fibronectin
coating absorbance while maintaining feature fidelity; 2) Features should be small enough to
prevent morphological alteration by spatial confinement. The morphological alterations and
cytoskeleton protein organization induced by nanotopography in hESCs is in concert with
subsequent observations in other mature cell types. Furthermore, we observed that the contact
guidance response of hESCs to surface nanotopography includes a significant reduction in
proliferation when compared to flat substrates, which is in concert with similar experiments
involving mammalian cells including SMCs [28]. The contact guidance response also
manifests itself through the organization of cytoskeleton proteins including α-SMA, α-tubulin,
vimentin, and calponin. These cytoskeleton proteins became unequivocally oriented in the
direction of the grid lines in cells cultured on nanotopographic substrates. The structural bias
of cytoskeleton proteins led to the investigation of the possible alignment of microtubule
organization centers as well. Microtubules are known to play a critical and active role in
governing cytoskeleton function. Gamma-tubulin complexes (GTCs) have been implicated as
the initiators of microtubule assembly through the formation of such structures as microtubule
organization centers (MTOCs) [29]. The spatial polarization of GTCs induced by
nanotopography in hESCs observed in this study suggests that morphological manifestations
of the contact guidance response may originate at these localized regions of microtubule
formation. The spatial polarization of well-defined MTOCs containing gamma-tubulin has
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been previously studied in SMCs on nanotopography in response to wound healing [28] and
the presence of gamma-tubulin complexes have also been studied in P19 embryonic carcinoma
cells [30].

The assembly of filamentous actin was hypothesized to play a direct role in controlling
cytoskeletal and morphological aspects of the contact guidance response in hESCs. Therefore,
we investigated the effect of the ADAs cyto D and latr B on gross morphology and the
organization of cytoskeleton proteins. Previous studies also reported that cyto D caused
observable changes in cellular morphology, with the rounding of the cell body and reduced
spreading in mouse mesenchymal stem cells [31,32]. We observed morphological changes
including reduction of cell area and organization of cytoskeleton proteins in hESCs cultured
on nanotopographic substrates in the presence of ADAs. The observed reduction in cell
alignment on nanotopographic substrates may be linked to the impaired ability of the cell to
detect and respond to topographic cues presented by the substrate. Furthermore, the cell density,
proliferation, and metabolic activity were all subsequently increased, in nanotopographic
substrates cultures treated with cyto D or with latr B. This observation has been made in
mammalian cells: namely that precluding cytoskeleton organization via inhibition of
filamentous actin polymerization suggests a link between cytoskeleton dynamics and
proliferation [33,34].

While cyto D and latr B impact cell spreading and proliferation of hESCs cultured on flat
substrates as measured by reduced cell area (Supplementary Fig 3) and increased circularity
(Supplementary Fig 4A), it was found that disrupting cytoskeleton remodeling activity through
the additions of ADAs leads to a loss of the differential morphological and proliferative
specificity of hESCs cultured on nanotopographic (Fig 5) versus flat substrates (Supplementary
Fig 4A–D). This suggests that the reduced proliferation component of the contact guidance
response may be linked to the organization of the cytoskeleton. Furthermore, this cytoskeleton-
linked effect of contact guidance on proliferation can be overcome by chemical signaling
through soluble factors. It thus appears that there is a link between cytoskeleton function and
proliferation that may explain the reduced proliferation of mature cells cultured on
nanotopographic surfaces and that this effect can be altered by soluble factors.

CONCLUSIONS
From this work, and studies performed in other laboratories [7,35,36], it is being established
that the cytoskeleton is an active organelle with vital cellular function. Human ESCs respond
to nanoscale substrate topography in a similar manner as other terminally differentiated
mammalian cells, including elongation and alignment, reduced proliferation, and the
organization and polarization of cytoskeleton proteins. The cytoskeleton plays an important
role in the morphological and proliferative responses to contact guidance cues. However,
characteristic morphological and proliferation behavior induced by the contact guidance
response can be superceded by soluble factors that directly interact with structural components
of cell including actin-based stress fibers.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Morphological and proliferative response of hESCs to nanotopography
A) Phase images of hESCs cultured on flat and linear nanotopograhy PDMS substrates. B)
Circularity and average angle of alignment (all graphical data is reported as mean +/− s.d.)
were reduced on nanotopographic substrates when compared to flat substrate. C) Cells cultured
on nanotopographic substrates exhibited lower projected cell areas as well as determined by t-
test (*** p < 0.001). D) Cell growth kinetics showed that cells cultured on nanotopography
had higher initial cell densities followed by stagnant proliferation. These kinetics were in
contrast to those of cells grown on flat surfaces, which exhibited continued proliferation
through 120 h. E) Representative color micrographs of BrdU assay revealed increased uptake
of hESCs cultured on flat substrates compared to cells cultured on nanotopographic substrates
after 24 h. F) BrdU uptake was reduced from 24 h to 48 h across both types of substrates.
Statistical significance across 24 h and 48 h timepoints was determined by two-way ANOVA
(* p < 0.05). Scale bars in all micrographs are 100 μm.
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Figure 2. Nanotopography induces organization of cytoskeleton proteins
Human ESCs cultured on substrates with linear nanotopographic features responded to
topography and exhibited organized cytoskeleton proteins including: α-SMA, α-tubulin,
vimentin, and calponin. These morphological alterations were also confirmed through SEM
micrographs. Direction of grid lines is indicated by white arrow. Scale bars are 10 μm.
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Figure 3. Deconvolution images of α-SMA in hESCs cultured on flat and nanotopographic
substrates
Deconvolution images revealing α-SMA in hESCs cultured on flat substrates are globular
without organization within the cytoskeleton (left panel). This observation lies in stark contrast
to hESCs cultured on nanotopographic substrates (right panel) which exhibit organized aligned
fibers in the direction of the nanotopography (right panel is a composite image of two
micrographs). Direction of grid lines is indicated by white arrow. See online version for video
of micrograph sections. Scale bars are 10 μm.
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Figure 4. Nanotopography polarizes spatial distribution of gamma-tubulin complexes (GTCs)
within hESCs
GTCs present in hESCs after 24 h of culture on flat substrates exhibit a random radial
distribution with respect to the longitudinal axis of the nucleus when compared to cells cultured
on nanotopographic substrates. Individual GTCs in each cell are indicated by white
arrowheads. See Supplementary Fig 1 for additional information regarding the scoring of GTC
alignment. Scale bars in all figures are 10 μm.
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Figure 5. Actin-disrupting agents reduce nanotopography-mediated responses
Treatment of hESCs cultured on nanotopographic substrates, with cyto D, or latr B, two
varieties of cytoskeleton disrupting agents, leads to a loss of cytoskeleton protein organization
including α-SMA, vimentin, and α-tubulin. Culturing hESCs in the presence of ADAs also
leads to a more rounded three-dimensional cell morphology. Scale bars are 10 μm.
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Figure 6. Actin disrupting agents reduce morphological, proliferative, and metabolic effects of
nanotopography-induced contact guidance
A) Morphological characterization of cells cultured on nanotopographic substrates in the
presence of cyto D and latr B resulted in increased circularity and a loss of bias of alignment
angle as confirmed by one-way ANOVA (*** < p 0.001). B) Increased cell densities at time
points 24 h, and 48 h as confirmed by two-way ANOVA (*** p < 0.001) in combination with
increased BrdU uptake at 24 h as measured by one-way ANOVA (*** p < 0.001) (C) suggests
that treatment with actin-disrupting agents leads to increased proliferation. D) Metabolic
activity, as measured by XTT cleavage assay, increased for cells cultured with treatment of
both cyto D (i) and latr B (ii) treatment at 24 h when compared to no drug as measured by t-
tests (* p < 0.05, * p < 0.05 for cyto D and latr B, respectively).
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