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Abstract
Detection of circulating tumor cells (CTCs) in the early stages of cancer is a great challenge
because of their exceedingly small concentration. There are only a few approaches sensitive
enough to differentiate tumor cells from the plethora of other cells in a sample like blood. In
order to detect CTCs, several antibodies and aptamers have already shown high affinity.
Nanotexture can be used to mimic basement membrane to further enhance this affinity. This
article reports an approach to fabricate nanotextured polydimethylsiloxane (PDMS) substrates
using micro reactive ion etching (micro-RIE). Three recipes were used to prepare nanotextured
PDMS using oxygen and carbon tetrafluoride. Micro-RIE provided better control on surface
properties. Nanotexturing improved the affinity of PDMS surfaces to capture cancer cells using
surface immobilized aptamers against cell membrane overexpressed with epidermal growth
factor receptors. In all cases, nanotexture of PDMS increased the effective surface area by
creating nanoscale roughness on the surface. Nanotexture also enhanced the growth rate of
cultured cells compared to plain surfaces. A comparison among the three nanotextured surfaces
demonstrated an almost linear relationship between the surface roughness and density of
captured tumor cells. The nanotextured PDMS mimicked biophysical environments for cells to
grow faster. This can have many implications in microfluidic platforms used for cell handling.

Keywords: RNA aptamers, nanotextured substrates, reactive ion etching, PDMS, microfluidics,
human glioblastoma, basement membrane

(Some figures may appear in colour only in the online journal)

1. Introduction

Several strategies have been reported to detect and isolate
cancer cells at early stages, but these are limited by yield, cost

and purity [1–10]. Early detection results in effective therapy
and can significantly reduce the cancer-related mortality rate
[11, 12]. Affinity interaction based detection and sorting,
especially with aptamers, can provide high specificity and
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selectivity [13, 14]. Epidermal growth factor receptor (EGFR)
specific RNA aptamer functionalized substrates have been
shown to recognize, capture and isolate human glioblastoma
(hGBM) cells with high specificity [15, 16].

Several other studies have demonstrated that cell capture,
growth, adhesion and orientation are influenced by nanoscale
topography of the functionalized surfaces [16–19]. In tissue
engineering, some studies have shown that nanostructured
scaffolds can significantly increase the densities of certain
cells [20, 21]. The key feature of a nanotextured surface is the
increased surface area to capture a larger number of probe
antibodies or nucleic acids [16, 18, 22, 23]. Some applications
of nanotextured surfaces are found in biosensors, proteomics
and light emitting diodes as well [24–28]. Nanotextured
surfaces can be prepared using processes like micro-contact
printing, stencil assisted patterning or long polymer chemical
etching. These processes are time consuming and cost pro-
hibitive [16, 17, 29]. Several studies have also reported
plasma etching to prepare nanotextured surfaces [22, 23, 30].

Polydimethylsiloxane (PDMS) is a widely used polymer
in biomedical research due to its stable chemical and physical
properties [31]. A simple way to prepare three-dimensional,
nanotextured PDMS substrates and their applications to iso-
late, enrich and culture tumor cells are reported here. Micro-
reactive ion etching (micro-RIE) was performed to create
nanotexture on PDMS substrates. These substrates were
functionalized with anti-EGFR aptamer for cell isolation. It
was seen that the nanoscale topography of PDMS increased
the affinity of cancer cell attachment by providing a larger
surface area for aptamer immobilization. The increased sur-
face area allowed a higher number of available aptamer copies
on the surface to capture cells. The nanotextured surfaces also
showed higher cell growth: the growth rate for tumor cells
was as high as the growth rates in the standard well plates
used for cell culture. Furthermore, the comparison of three
nanotextured surfaces showed almost linear relationships for
both cell capture and cell growth with respect to surface
roughness. The nanotexture enhanced cell capture probability
and growth rate, both of which are very important for
microdevices used for detecting and enriching rare cells. The
key findings showed that nanotexture of the substrate could
be quantitatively controlled to tweak the density of available
ligands for possible match with the overexpression of onco-
genes. This can possibly lead to nanotextured PDMS devices
that can also stage cancer cells based on overexpression.

2. Materials and methods

All chemicals were obtained from Sigma-Aldrich (St. Louis,
MO) unless noted otherwise.

2.1. Aptamer preparation

Aptamer was prepared using a standard procedure reported
earlier [16]. For anti-EGFR RNA aptamer selection with
SELEX process, purified human EGFR (R&D Systems,
Minneapolis, MN) was used. The anti-EGFR aptamers

(Kd= 2.4 nM) were extended with a capture sequence. The
amine-modified capture probe was used to immobilize apta-
mers on the substrates through duplex formation. The
sequences of the extended anti-EGFR aptamers and substrate-
anchored capture molecules were: anti-EGFR aptamer, 5′-
GGC GCU CCG ACC UUA GUC UCU GUG CCG CUA
UAA UGC ACG GAU UUA AUC GCC GUA GAA AAG
CAU GUC AAA GCC GGA ACC GUG UAG CAC AGC
AGA GAA UUA AAU GCC CGC CAU GAC CAG-3′ and
substrate anchored capture DNA, 5′-amine-CTG GTC ATG
GCG GGC ATT TAA TTC-3′ [16].

2.2. Preparation of nanotextured PDMS substrates

PDMS was mixed (10:1, wt/wt) with Sylgard 184 silicone
elastomer curing agent (Dow Corning) and degassed in a
desiccator for 1 h to remove all air bubbles. PDMS was then
poured on a 4 inch silicon wafer and heated to 75 °C for 5 min
and then 150 °C for 10 min. Next, the PDMS was peeled off
from the silicon substrate and cut into small pieces
(∼2 ×∼2 inch2). These substrates were cleaned in isopropyl
alcohol (IPA), rinsed in deionized (DI) water and dried in
nitrogen. A reactive ion etch (RIE) series 800 plasma system
was used to prepare nanotextured PDMS. Three recipes were
used in this system to etch the PDMS using mixture of
oxygen (O2) and carbon tetrafluoride (CF4). First of all, the
etching was performed with two ratios of etchant gases for a
specific time of 12 min. In recipe 1, the flow rate of O2 and
CF4 was 10 sccm, respectively (ratio of O2:CF4 was 1:1) and
in recipe 2, the flow rate of O2 and CF4 was 7 sccm and
14 sccm, respectively (ratio of O2:CF4 was 1:2). In recipe 3,
the flow rate of gases was the same as in recipe 1, but the
etching time was increased to 25 min. After etching, each
substrate was cleaned in sonicated IPA followed by cleaning
in piranha solution (H2O2:H2SO4, 1:3). In the remaining
article, the three PDMS surfaces prepared by recipes 1, 2 and
3 will be named as Surface-1, Surface-2 and Surface-3,
respectively.

2.3. Surface characterization

Surface topography of PDMS surfaces was evaluated quan-
titatively with a Dimension 5000 atomic force microscope
(AFM). The root mean square surface roughness was mea-
sured. Micrographs of PDMS samples were captured in the
ambient air with 15–20% humidity at a tapping frequency of
approximately 300 kHz [16]. The analyzed field measured
10 × 10 μm2 at a scan rate of 1 Hz with 256 scanning lines.

2.4. Elemental composition of the samples

Energy dispersive x-ray spectroscopy (EDS) was used for
elemental analysis of plain and nanotextured PDMS. All
samples were coated with a thin layer of silver (Ag) before
this analysis. Here, an EDS detector (EDAX, Genesis) was
attached to the scanning electron microscope (SEM). The
SEM was focused at a 15 mm working distance with 20 kV
accelerating voltage and data recording was followed by a
mapping analysis.
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2.5. Contact angle measurements

Contact angles for plain and nanotextured PDMS substrates
were measured using a contact angle goniometer (NRL-100;
Rame-Hart, Washington, DC). On average, five measure-
ments were taken for each run. Angles were measured twice
for each substrate. First, the angles were measured on sub-
strates without any modification and next on substrates
functionalized by isothiocyanate.

2.6. Attachment of anti-EGFR aptamer on PDMS substrates

The aptamer attachment was adapted from our previous work
[16]. PDMS substrates were cut into 10 × 10 mm2 pieces.
These small pieces were cleaned with UV–ozone plasma for
30 min followed by piranha solution dip. These substrates
were then rinsed with DI water and dried in nitrogen flow and
immersed in 3% (v/v) of (3-aminopropyl)triethoxysilane
(APTES) in methanol for 30 min at room temperature. Next,
the substrates were washed in DI water and methanol; and
cured for 30 min at 120 °C. Substrates were then put in
dimethylformamide (DMF) for 5 h at 45 °C. DMF had 10%
pyridine and 1 mmol/lp-phenylene diisothiocyanate (PDITC)
in it. After 5 h, substrates were rinsed with DMF and 1,2-
dichloroethane and dried in nitrogen gas. A 30 μmol l−1

concentration of capture DNA (which had a 5′ amine group)
was prepared using DI water with 1% N,N-diisopropylethy-
lamine (DIPEA) and the substrates were incubated in the
DNA solution overnight in a humid chamber at 37 °C. After
incubation, the substrates were washed with methanol and
diethylpyrocarbonate (DEPC) treated DI water. Next, the
substrates were immersed for 5 h in 150 mmol l−1 DIPEA in
DMF and 50 mmol l−1 6-amino-1-hexanol and again washed
in ethanol, DMF, and DEPC-treated DI water. A glass
chamber was then properly washed with RNase free and
DEPC treated DI water and PDMS substrates were placed in
it. Anti-EGFR RNA aptamer (1 μmol l−1) dissolved in 1X
annealing buffer (10 mmol l−1 Tris (pH 8.0), 1 mmol l−1

EDTA (pH 8.0), 1 mmol l−1 NaCl) was placed on each sub-
strate. After 2 h of incubation at 37 °C, substrates were
washed with 1X annealing buffer and DEPC-treated DI water
for 5 min. 1X PBS (pH 7.5) with 5 mmol l−1 magnesium
chloride solution was prepared and the substrates were then
placed in it before being used for experiments. The experi-
ments were run within a few hours of functionalization.

2.7. Fluorescence measurements

Surface modification was confirmed by fluorescence mea-
surements of acridin orange (AO) stain. DNA attached PDMS
surfaces were used to measure the intensity of AO. An AO
solution of 2 mgml−1 concentration was prepared in sterilized
DI water. DNA functionalized plain and nanotextured PDMS
surfaces were completely immersed into the solution and kept
on a shaker for 30 min. Then all samples were washed thor-
oughly in DI water and fluorescence measurements were
taken at 480 nm wavelength using a Zeiss confocal micro-
scope. The fluorescence intensities were analyzed with

ImageJ software (National Institutes of Health, Bethesda,
Maryland, USA).

2.8. hGBM and astrocyte cell culture

The culture of hGBM cells has been reported before [16].
Briefly, these cells were cultured in chemically defined,
serum-free Dulbecco’s Modified Eagle’s Medium (DMEM)/
F-12 medium supplemented with 20 ng ml−1 mouse EGF
(from Peprotech, Rocky Hill, NJ), 1X B27 supplement
(Invitrogen, Carlsbad, CA), 1 × insulin-transferrin-selenium-X
(ITS-X, Invitrogen), and penicillin:streptomycin 100 Uml−1:
100 μg ml−1 (HyClone, Wilmington, DE) and plated at a
density of 3 × 106 live cells per 60 mm plate. The hGBM cells
were transduced with a lentivirus expressing mCherry fluor-
escent protein. Human astrocyte cells were obtained from
consenting patients at the University of Texas Southwestern
Medical Center at Dallas (TX, USA) with the approval of the
Institutional Review Board. The collected human astrocyte
cells were cultured in DMEM/F-12 (Cellgro, Mediatech Inc.)
with 10% fetal bovine serum. Gentamycin and L-glutamine
(Invitrogen) were added to the cell culture medium. Standard
cell culture conditions i.e. a sterile, humidified, 95% air, 5%
CO2 and 37 °C were maintained to incubate cells.

2.9. Tumor and astrocyte cell capture on substrates

First, cell suspensions were centrifuged and the supernatants
were removed. Next, 1X PBS solution (with 5 mM MgCl2)
was added to dilute the cells to a concentration of 100 000
cells ml−1. Approximately 500 μl drop of cell suspension was
put on each substrate and incubated for 30 min at 37 °C. After
incubation, substrates were washed with sterilized 1X PBS on
a shaker at 90 revolutions per minute for 15 min [16]. Then
substrates were observed and micrographs were captured
using Leica optical microscope. ImageJ was used to calculate
cell density from captured micrographs. For each type of
surface, eight and six samples were prepared for hGBM and
astrocyte cells, respectively. The cell capture efficiency on
surfaces was also calculated by taking the ratio of the total
number of cells captured and the total number of cells sus-
pended on each sample surface. Total number of cells cap-
tured on each sample was calculated from the cell density and
total surface area of the samples. Statistical analysis was
performed using one-way analysis of variance (ANOVA) for
all types of surfaces.

2.10. In vitro cell culture studies on nanotextured PDMS

Fibroblasts, hGBM and human astrocyte cells were seeded on
a standard well plate, plain PDMS and nanotextured PDMS
substrates to observe the effects of nanotexturing on cell
growth. All PDMS substrates were cut into 6 mm diameter
circular disks, washed three times in DI water, dried in
nitrogen flow and treated with O2 plasma for 30 min. Next,
the substrates were washed in 70% ethanol for 30 min to
sterilize. Again, all substrates were washed with DI water
three times and dried. The samples were then coated with
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poly-D-lysine (PDL) by immersing them in PDL solution for
24 h and then washed again in sterilized DI water thoroughly.
The samples were then coated with laminin solution con-
taining 10 μg ml−1 laminin in 1X PBS (PBS was Mg2+/Ca2+

free) and incubated at 37 °C overnight to adhere laminin to
the PDMS surfaces [18]. Next, samples were washed in
sterilized 1X PBS and freshly harvested human fibroblasts,
hGBM and human astrocyte cells were seeded (1000 cells
ml−1) onto the samples. The sample surfaces were observed
under an optical microscope after three days. For each type of
surface, five samples (n = 5) were prepared. Statistical ana-
lysis was also performed using one-way ANOVA for all types
of surfaces.

3. Results and discussion

3.1. Surface topography of nanotextured substrates

The average measured roughness was 242.92 ± 87.71,
515 ± 102.28 and 629.17 ± 109.67 nm for Surface-1, Surface-
2 and Surface-3, respectively (figure 1). From these numbers,
it can be observed that a higher surface roughness was
obtained when the ratio of CF4 was higher than O2. Similar

feature was also achieved by using same amount of O2 and
CF4 for a longer period of time. Therefore, it can be said that
the features of nanotextured surfaces can be controlled by
both the etch time and ratio of oxygen and carbon tetra-
fluoride. Moreover, this approach can be implemented to
create nanotexture in microfluidic devices fabricated in
PDMS. The devices will need to be fabricated first in PDMS
and exposed to micro-RIE to create nanotexture. Several
techniques use nanotextured templates to transfer patterns in
PDMS [16, 17], but the presented approach does not need any
template.

3.2. Elemental analysis and compositional mapping

PDMS is a polymer made of SiOC2H6 monomer. EDS ele-
mental analysis of plain PDMS showed that it consisted of
silicon, oxygen and carbon (figure 2(A)). Silver came from
the coating. As hydrogen atom is very small with low atomic
number, it could not be detected in EDS. Therefore, it was not
found in the measurements. The EDS elemental analysis of
nanotextured PDMS (Surface-3) showed almost identical
results as native untreated PDMS (figure 2(B)). Therefore, it
can be said that the etching did not influence the chemical
nature of PDMS.

Figure 1. AFM micrographs of the plain and nanotextured PDMS surfaces. The micrographs show (A) plain PDMS surface; nanotextured
PDMS surfaces obtained by micro-RIE using O2 and CF4, (B) after 12 min (O2:CF4, 1:1), (C) after 12 min (O2:CF4, 1:2), and (D) after
25 min (O2:CF4, 1:1).
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3.3. Contact angle measurements

Contact angle from a water droplet gives the measurement of
hydrophobicity or hydrophilicity of a surface [16]. Generally,
the contact angle is more than 90° for hydrophobic surfaces,
and less than 90° for hydrophilic surfaces. Due to nano-
texturing, hydrophobicity increased for hydrophobic surfaces
and hydrophilicity increased for hydrophilic surfaces [16, 23].
The contact angles of all experimental surfaces were mea-
sured and their average values with standard deviations are
given in table 1. Without any modifications, all substrates
were hydrophobic and after APTES and isothiocyanate
functionalization, all substrates became hydrophilic.

3.4. Fluorescence measurements

Proper hydrolysis of the PDMS surface after plasma treatment
and piranha solution exposure significantly increased the
number of available hydroxyl groups. This improved the
number of available amino groups from adsorbed APTES.
This in turn increased the number of DNA molecules attached
and finally increased the total number of immobilized apta-
mers [16]. The relative number of DNA molecules on all
substrates was determined by comparing relative fluorescence
intensities of AO. The average fluorescence intensities of
these substrates are given in figure 3. The signals from
nanotextured PDMS substrates were higher compared to plain
PDMS. The intensity was highest for Surface-3 and lowest for
Surface-1. The nanotexture had an additional effect: it
increased available surface area and consequently amplified
the number of hydroxyl groups. Higher density of hydroxyl
groups captured many more APTES molecules (with amino
groups). This ultimately resulted in a higher number of
immobilized DNA. Higher density of DNA was favorable in
order to enhance the density of aptamer on the surface which
led to better tumor cell isolation. The packing density of
anchored DNA is a function of the radius of gyration of the
molecules, and the radius of gyration defines the footprint of a

molecule and density of packing [32]. Nanotextured surfaces
reduced the distance between the immobilized ends of the
probes as free ends had more room on curvaceous surfaces
and thus required a smaller footprint compared to flat surfaces
for the same radius of gyration [16]. Therefore, probe density
was higher on curvaceous nanotextured surfaces. Again,
nanotextured surfaces offered a higher effective area than
plain surfaces of same areal size. As a result, the total number
of captured molecules was increased and nonspecific aptamer
adsorption was reduced on nanotextured surfaces. Non-

Figure 2. EDS elemental composition of (A) plain PDMS and (B) nanotextured PDMS (Surface-3).

Table 1. Contact angles measured on substrates after ultraviolet–
ozone treatment and chemical activation with PDITC (n= 5).

Substrate type Base substrate (°) After PDITC treatment (°)

Flat PDMS 112.2 ± 2.77 66.2 ± 2.17
Surface-1 126.8 ± 3.11 56.2 ± 2.28
Surface-2 139.8 ± 2.39 52 ± 2.45
Surface-3 145.4 ± 2.19 48.4 ± 1.95

Figure 3. Fluorescence intensity from AO stain after DNA
attachment on the substrates.
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specific adsorption of aptamers occurred due to van der Waals
forces only if aptamers could find their way to the surface.
But the negative charge of tightly packed DNA repelled
negatively-charged aptamers and reduced non-specific
adsorption [16]. However, among the three nanotextured
surfaces, fluorescence intensity was lowest for Surface-1.
Surface-2 and Surface-3 showed higher intensity as they had
higher surface roughness. Between these two surfaces, the
roughness of Surface-3 was higher and consequently the
density of DNA molecules was higher compared to Surface-2.
As a result fluorescence intensity was highest for Surface-3.

3.5. Isolation of hGBM and astrocyte cells on aptamer
functionalized substrates

The aptamer used has been already established to selectively
bind to overexpressed EGFR on tumor cells. The random/
mutant sequences have been used in the past as control that
showed no affinity for EGFR. Figures 4(A)–(D) show
representative micrographs of hGBM cells captured on plain
and nanotextured PDMS substrates functionalized with anti-
EGFR aptamers. Average densities of hGBM and astrocyte
cells were measured after washing the substrates with 1X PBS
at 90 revolutions per minute for 15 min. The quantitative cell

Figure 4. The hGBM cells on the anti-EGFR aptamer modified surfaces (A) plain PDMS surface; (B) Surface-1, (C) Surface-2 and (D)
Surface-3; and (E) the average cell density (number of cells mm−2) of hGBM and astrocytes cells on four surfaces. There were significant
statistical differences for the density of hGBM cells among all surfaces with p-value <0.01 between any two surfaces (n = 8). Scale
bar = 100 μm in (A) is also applicable for (B)–(D).
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density counts are shown in figure 4(E). By analyzing the
optical micrographs of substrates it was found that the aver-
age number of captured hGBM cells was lower on plain
PDMS compared to nanotextured PDMS surfaces. The
average cell density for plain PDMS surface was 49.25 ± 7.21
per mm2 and for Surface-1, -2 and -3 cell densities were
103.75 ± 5.28, 146.75 ± 5.50, and 166.38 ± 7.19 per mm2,
respectively (figure 4E). From the cell density on surfaces, the
cell capture efficiency calculated for plain PDMS surface was
only 9.85% whereas for Surface-3, it increased to 33.28%.
Average cell densities of astrocyte cells did not vary

significantly for all of these surfaces (figure 4E). For plain
PDMS, cell density was 28 ± 9.80 mm2 and for Surface-1, -2
and -3 these were 36 ± 15.18, 38 ± 14.03, and 44 ± 14.53 mm2,
respectively. Density of hGBM cells depended on the avail-
able number of anti-EGFR aptamer molecules on the sub-
strate, the density of EGFR on cell membrane, the affinity
between EGFR and aptamer, and the surface roughness of the
substrate [16].

Nanotexture not only increased the availability of apta-
mer molecules on the surfaces, but it also increased the affi-
nity between the surfaces and cells by offering a biomimetic

Figure 5. The hGBM cell growth on (A) plain PDMS surface; (B) Surface-1, (C) Surface-2 and (D) Surface-3; and (E) the average cell
densities (cell number mm−2) for hGBM, astrocyte and fibroblast cells on all surfaces. For hGBM cells, the growth is not statistically different
between well plate, Surface-2 and Surface-3 (p-value >0.05) but these surfaces have statistically different cell density compared to plain
PDMS and Surface-1 (n= 6). For astrocytes and fibroblast cells, the growth is statistically different among all the surfaces only except
Surface-2 and Surface-3 (p-value >0.05). Scale bar = 100 μm in (A) is also applicable for (B)–(D).
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environment. Recent works have shown that basement
membrane provides a nanotextured environment for cell
support and possibly added focal points for metastatic cells to
pass through the membrane and to get into the bloodstream
[31]. Consequently, cell capture density was also improved. It
can be observed thus that cell capture density was a direct
function of surface nanotexturing. An almost linear correla-
tion was found between surface roughness and tumor cell
capture density when the data from the three nanotextured
surfaces was compared. The higher the surface roughness was
at nanoscale, the greater was the cell capture density. Both
surface roughness and cell capture density of tumor cells were
highest for Surface-3 and lowest for Surface-1. Statistical
analysis and one-way ANOVA showed statistically sig-
nificant differences (p-value <0.01) in cell density for three
surfaces.

For astrocyte cells, though densities of captured cells
were slightly higher on nanotextured PDMS compared to
plain surface, the differences were not as high as for tumor
cells. Moreover, from figure 4(E), it is clearly visible that
captured astrocyte cells were noticeably fewer on nano-
textured PDMS relative to the hGBM cells. The functiona-
lized nanotextured surfaces had a very high number of
available aptamers, thus reducing the non-specific binding of
astrocyte cells on the surfaces. These observations showed the
essential trade-off between sensitivity and selectivity. On the
whole, the nanotextured surfaces offered elevated sensitivity
but these also suffered from lower specificity. The end-goal
would define optimal levels of nanotexturing for particular
applications against various cancers but here we can see that
the nanotextured surfaces are advantageous to increase iso-
lation of rare cancer cells. The data also alludes to the fact that
for one type of tumor cells, with one level of receptor over-
expression, the isolation efficiency could be increased
by simply increasing the number of available ligands.
Nanotexture on the PDMS substrates provides a simple and
straight-forward way to implement that in microfluidic
channels.

3.6. In vitro cell growth on bare nanotextured surfaces

The three types of cells were seeded on four PDMS surfaces
and standard polystyrene well plates after laminin coating.
The cell growth was significantly higher on nanotextured
surfaces compared to plain PDMS surface for all three types
of cells (figure 5). In every case, Surface-3 exhibited highest
cell density among the three nanotextured surfaces after three
days. The density of astrocyte cells also increased to
114 ± 16.15 cells per mm2 on Surface-3 whereas plain PDMS
had 28 ± 3.58 cells per mm2. The well plate had higher cell
density compared to Surface-3. Similarly, density of fibro-
blasts cells was also higher in well plate (349.6 ± 20.12 cells
per mm2) compared to Surface-3 (272.80 ± 13.68 cells per
mm2). One-way ANOVA analysis showed statistically sig-
nificant differences in all substrates for astrocyte and fibro-
blast cells except for astrocyte cells in Surface-2 and Surface-
3. In this case, the cell density was not significantly different
(p-value = 0.29). For hGBM cells, statistical differences

among well plate, Surface-2 and Surface-3 was not substantial
(p-value >0.39). For hGBM cells, nanotextured surfaces
showed higher cell growth, which was very similar to the well
plate.

A limitation of plain PDMS is that even after chemical
functionalization, it is a challenge to maintain cells on surface,
especially for long-term cell culture due to lack of stable cell-
adhesive layer [16, 33]. The generated hydroxyl groups
undergo dehydration reaction, and high chain mobility pulls
the hydrophobic methyl groups to the surface and prohibits
the formation of a cell-adhesive layer. The same would also
occur on nanotextured PDMS surfaces but nanotexturing
improves cell attachment and isolation by increasing surface
area, which allows for more protein attachment and facilitates
greater cell adhesion and growth. Thus, the nanotextured
surfaces allowed higher cell growth. Especially for tumor
cells, the growth was comparable to the standard well plate.
But for healthy cells, the well plate had much higher cell
growth compared to nanotextured surfaces. This analysis
represented that tumor cells have higher affinity towards
nanotextured surfaces compared to healthy cells. Conse-
quently, nanotextured PDMS surface can be a fascinating
feature in microfluidic platforms for isolation and growth of
tumor cells as microfluidic devices can allow for similar
growth as standard well plate material.

4. Conclusions

Approaches to synthesize nanotextured PDMS surfaces pro-
vide rapid and cost-effective ways of fabricating cell isolation
and cell-culture substrates. By controlling the ratio of etchants
and time of etching, different surface roughnesses were
achieved. Nanotextured PDMS surfaces showed higher cell
capture capability and allowed for faster cell growth com-
pared to plain PDMS. The surface roughness influenced cell
capture and cell growth almost linearly. Therefore, nano-
textured PDMS could be implemented in biosensors, espe-
cially in microfluidic devices. The growth rate of the tumor
cells was also higher on nanotextured PDMS surfaces than
plain PDMS. This work can significantly enhance the cell
culture capabilities of microfluidic devices.
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