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Abstract
This paper presents a simple approach to create a two-tiered surface for superior cancer cell
isolation. The idea is inspired by the interactions of cells with a nanotextured basement
membrane. The texture mimicked the extracellular matrix and basement membrane for superior
target cell adhesion. Prepared micro+nanotextured surfaces showed enhanced cell capture.
Preparation of the two-tiered surface was done using micro- and nanotexturing and was easily
reproducible. It has been shown before that the larger surface area of a nanotextured surface
assists the cell’s attachment through surface-anchored ligands. Taking it a step further, ligand
functionalized two-level micro+nanotextured surfaces improved the sensitivity of the cancer cell
isolation over simple flat nanotexturing. The isolation efficiency increased by 208% compared to
the surface with a single-level nanotexture. The two-tiered surface was compatible with
previously reported nanotextured devices used for cancer cell isolation. Micro-texture on the
glass surface was created using simple sand gritting, followed by reactive ion etching (RIE) of
the entire surface. The approach could create large surface areas within a short time while
maintaining superior cell isolation efficiency.

Keywords: cancer cell isolation, textured surface, micro+nanotexturing, aptamer, biomimic
surface, two tiered surface

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

1. Introduction

Making ‘cell-friendly’ surfaces is an important first step in the
isolation and behavioral characterization of cells from similar
origins but with different phenotypes [1]. Circulating tumor
cells (CTCs) have shown potential in disease detection, and
their monitoring has become crucial for monitoring disease

prognosis. The comprehensive characterization of cell-surface
interactions and the influence of surface parameters (surface
area, texture, wettability, surface-bound ligands and charges)
on cell responses can lead to engineered surfaces with better
sensitivity for cell isolation [2]. The preparation of surfaces
with high sensitivity is often marred by the complexity of the
processes involved and the time it takes to prepare them. This
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paper presents a rapid, fast and reproducible method to create
surfaces that demonstrate comparable cell capture efficiency.

In tissue engineering, several works have shown that
micron- and submicron-scale roughness on the surfaces lead
to enhanced cell differentiation and proliferation [3]. The
morphology of the cells that adhered to the surfaces have
been reported to be guided by the surface topography [4–6].
Because of their rarity in patients at early stages of cancer (as
few as 1 CTC per ml in peripheral blood), the devices demand
the highest level of sensitivity to maximize the number of cell
captured from the available samples. Simple nanotextured
surfaces have been reported to provide improved cell isolation
efficiency [7]. In these devices, overexpressed receptors on
cancerous cells were targeted to bind to the surface-tethered
complementary ligands on the substrates [8]. The efficacy of
these devices partially stemmed from their ability to bind
more ligands on the increased area created through texturing
on the surface. The higher number of ligands improved the
binding odds for the cell surface receptors and ultimately for
the cells to bind to the substrates.

Numerous tools and processes are available to fabricate
nanotextured surfaces of various pore sizes, dimensions and
lengths. Chemical etching [9], nano-embossing [10], chemical
vapor deposition [11], electrospinning [12], etc are used for
textured surface preparation. These can fabricate nanos-
tructure dimensions from a few nm to hundreds of nm. The
geometries and patterns of fabricated surfaces are also tune-
able; both repetitive and random structures can be achieved.
The processes, however, are tedious. For example, surface
coatings, plasma etching, metal deposition, lift-off and wet
chemical etching are common to many of these pro-
cesses [13].

Here, we report a biomimetic two-tiered topology of a
glass surface created with a two-step etching process. This
process enhanced the availability of the surface to the cells
(figure 1). The micropatterns on the surface cusped well with
the cell contour, whereas the nanotexture mimicked the
basement membrane feel for better adhesion and isolation.
Glass slides were sandblasted to create microtexture on the
surface, followed by reactive ion etching (RIE) to create
nanotexture inside the micron-scale patterns. The cell capture
yields were 208% and 225%, respectively, in the antibody
and RNA aptamer functionalized surfaces. This result was
comparable to those obtained from nanopillars, carbon
nanotubes or nanowires surfaces. This simple method and
competitive capture efficiency enabled our two-tiered topol-
ogy of the glass substrate to be an economic but highly
sensitive cell isolation platform.

2. Materials and methods

The chemicals used for the experiments were obtained from
Sigma-Aldrich (St. Louis, MO), unless mentioned otherwise.

2.1. Surface preparation

Fisher brand microscope slides were used as a standard sur-
face. To create micro patterns, glass slides were sand-gritted
using standard 3M™ aluminium oxide sandpaper (100 grit
with an average grit size of 141 μm). The etching was done
with sandpaper attached to a hand polisher rotating at
600 RPM for 15 min. To remove any residue particles, the
substrates were then cleaned with 3 cycles of 10 min of
ultrasonication, isopropanol and ultrapure deionized (DI)
water. To further smooth the surfaces, they were immersed in
diluted (50:1) hydrofluoric acid for 10 min followed by pir-
anha-solution (H2SO4:H2O2, 3:1) cleaning for another
10 min. To create the nanotexture, a plain glass surface was
initially subjected to RIE for 30 min (10 SCCM O2, 3 SCCM
CF4, 250Watt, 220 mTorr). The glass surfaces were cleaned
using a piranha solution and DI water and inspected using
atomic force microscope (AFM) and scanning electron
microscope (SEM). The microscopy characterized both the
topography and surface chemistry. After confirming the for-
mation of nanoscale topography on the plain surfaces, the
specimens with micron-scale patterns were subjected to the
same treatment to create the two-tiered structures. The sand-
gritting process was skipped in the control samples. The
control slides were subjected to RIE, as mentioned earlier,
after piranha cleaning.

2.2. Surface characterization

2.2.1. Profilometer. To evaluate the micron-scale changes in
the surface topography, the substrates were characterized
using a KLA-Tencor Alpha-Step IQ Profilometer with a

Figure 1. Schematic of micropatterns for enhanced cell capture (not
to scale). The top schematic shows a plain surface with nanotexture.
The number of ligand-receptor interactions is low compared to the
bottom image. The micropattern gives a curve comparable to the cell
curvature, increasing the odds for cell adhesion.
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scanning stylus with a 5 μm radius and a 60° angle. Six
samples were measured for each surface condition, and the
average measurements were recorded for each specimen.

2.2.2. Surface topography and elemental analysis. The
surface topography was examined by an SEM/EDS Leo
Supra 55VP. Before imaging, the glass surfaces were coated
with 3 nm of gold to avoid surface charging. The images were
taken at 12 kV of accelerating voltage and 30 μm aperture.
For the imaging cells, 6 nm gold coating was done on the
fixed cells, and the imaging was done at 5 kV. The qualitative
evaluation of the surface was done with AFM (Park XE
70 AFM) in non-contact mode with NANOSENSORS™
PPP-NCHR probes. The maximum tip diameter was less than
10 nm, with the nominal force constant at 42 N m−1 and with
a resonance frequency of 330 KHz. Several samples were
scanned and were plain-levelled before measuring the
roughness.

To identify and quantify the surface elements of the RIE-
processed samples, energy dispersive x-ray spectroscopy
(EDAX, Genesis) was done at a low vacuum setting at an
accelerating voltage of 30 kV.

2.2.3. Contact angle measurements. The contact angle
measurements were done using a rame-hart contact angle
goniometer with ultra-pure water as the sessile drop fluid.
A∼ 10 μl water drop was placed at three places on each
sample, and the contact angle of the water-substrate interface
was noted to be down by visual observation through a
microscope.

2.2.4. Selection of target molecule. Human glioblastoma
(hGBM) is a malignant brain tumor [14]. In our experiments,
we used EGFR-overexpressing hGBM cells as the tumor cell
model. EGFR overexpression has been previously reported on
tumor cell surfaces with densities ranging from 40 000 to
100 000 per cell [15]. The upregulation of this biomarker has
been reported in particular on lung cancer and glioblastoma
cells. A mutated variant of EGFR, known as EGFRvIII, has
also been reported to be present in glio-carcinomas and was
found responsible for the cells’ abnormal proliferation [16].
The constant activation of these receptors causes the cells to
undergo constant division, leading to cancer. The expression
level and the density of the mutant EGFR is much higher than
the wild type of EGFR (approximately a million per cell
versus 40 000). The anti-EGFR RNA aptamer has been
previously reported to bind with both the mouse-derived wild-
type EGFR and the mutant EGFRvIII with superior specificity
[17]. Fluorescent tagging of glioma cells was previously
shown to prove the overexpression of the EGFR on the cell
surfaces [18].

2.2.5. Isolation and culture of human glioblastoma (hGBM)
cells. The tumor samples were placed in an ice-cold HBSS
solution after removal from the consenting patient’s brain.
The specimens were, on average, larger than 50 mm3.
Lymphocyte-M (Cedarlane Labs) was used to remove the

red blood cells from the specimen. A solution of 2% papain
and dispase was used to gently dissociate the intact hGBM
cells, followed by gentle grinding (trituration). A
FACSCalibur machine (BD Biosciences) was then used to
sort out the cells. The cells were suspended in a chemically
defined serum-free Dulbecco’s modified Eagle’s medium
(DMEM)/F-12 medium, consisting of 20 ng mL−1 of mouse
EGF (Peprotech, Rocky Hill, NJ, USA), 20 ng mL−1 of bFGF
(Peprotech, Rocky Hill, NJ, USA), a 1 ×B27 supplement
(Invitrogen, Carlsbad, CA, USA), 1 × insulin-transferrin-
selenium-X (Invitrogen, Carlsbad, CA, USA) and
100 units ml−1:100 μg ml−1 of penicillin/streptomycin
(HyClone, Wilmington, DE, USA), and were plated at a
density of 3 × 106 live cells/60 mm plate. A lentivirus
expressing an mCherry fluorescent protein was stably
transduced into the hGBM cells.

In all of the experiments, the cells were centrifuged first
to remove supernatants and then diluted with sterilized and
warm 1× PBS solution (with 5 mmol l−1 MgCl2). Each
substrate was completely covered with the cell suspension
(typically 70 μl) at a concentration of 150 000 ml−1. After
5 min of settling time and before any washing, the average
cell density on the substrates was roughly 1000 ± 50 per mm2.
The substrates were then incubated for 30 min at 37 °C and
washed gently with PBS on a shaker (Boekel Scientific) at
90 rpm for roughly 5 min in orbital and reciprocal
movements.

To inspect the cell attachment on the surface, SEM
micrographs of the surfaces were taken after cell isolation.
The cells were first fixed using 4% paraformaldehyde for 3 h,
and then the surfaces were immersed in an increasing
concentration of ethanol. Gradient concentrations of 20%,
40%, 60%, 80%, 95% and 100% (v/v) were used, and the
substrates were immersed in each solution for 15 min.

2.2.6. Aptamer preparation. The anti-EGFR RNA aptamer
selection and sequence has been reported before [19]. The
anti-EGFR aptamer sequence used was: 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′ (the extended sequence
used to bind and capture the DNA is shown in italics). The
substrate-anchored DNA had the sequence: 5′-amine-CTG
GTC ATG GCG GGC ATT TAA TTC-3′.

2.2.7. Preparation of anti-EGFR antibody functionalized
substrates. The antibody and aptamer were functionalized
on separate substrates to capture the EGFR overexpressing
cells as per the protocol adapted from the literature [20, 21].
In brief, glass surfaces were sized into ∼5 × 5 mm2 pieces. To
create hydroxyl groups (-OH) on the surfaces, the surfaces
were cleaned with a piranha solution (H2SO4:H2O2 = 3:1) for
10 min, followed by O2 plasma exposure. The top surface was
marked to avoid any confusion at the later stages. While
making the piranha solution, acid was always added to the
H2O2. The piranha solutions were discarded after 90 min of
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cooling time. The slides were then rinsed with DI water,
followed by nitrogen drying. To create free amine groups on
the surfaces, the substrates were immersed for 30 min in
methanol/DI water (19:1) and a 3% APTMS solution. These
substrates were then washed again with DI water and
methanol and later incubated for 30 min at 120 °C. A
dimethylformamide (DMF) solution was prepared using
10% pyridine and 1 mmol l−1 p-Phenylene diisothiocyanate
(PDITC), and the substrates were immersed into the solution
for 5 h at 45 °C. Later, they were rinsed with DMF and 1,2-
dichloroethane and dried in a gentle blow of nitrogen. The
monoclonal anti-EGFR antibody produced in the mouse
(0.1 μmol l−1) was diluted in PBS and applied on the surface.
The surface was immersed in the antibody solution at 37 °C
for 1 h. To deactivate the unreacted PDITC moieties, the
substrates were immersed for 5 h in 150 mmol L−1 DIPEA in
DMF and 50 mmol l−1 6-amino-1-hexanol. This step was
done instead of any BSA blocking procedure to prevent non-
specific protein adsorption. Again, each substrate was
sequentially washed with ethanol, DMF and
diethylpyrocarbonate (DEPC)-treated DI water. The
substrates were then rinsed and stored in PBS, dried in a
stream of nitrogen and then used immediately.

2.2.8. Preparation of anti-EGFR RNA aptamer functionalized
substrates. The PDITC attachment was done following the
same procedure as described in the antibody immobilization

section. 30 μmol l−1 of modified captured DNA solution, as
mentioned before, was prepared using DI water with 1% N,N-
Diisopropylethylamine (DIPEA). Each glass substrate was
then covered with the solution. The substrates were incubated
overnight in a humid chamber at 37 °C. After incubation, the
samples were thoroughly washed with isopropanol (IPA) and
DEPC-treated DI water sequentially. The RNase-free and
DEPC-treated DI water was then used to wash the incubation
chamber. Five microliters of 0.1 μmol l−1 anti-EGFR RNA
aptamer was placed on each substrate in the presence of a 1X
annealing buffer [10 mmol l−1 Tris (pH 8.0), 1 mmol l−1

EDTA (pH 8.0), 1 mmol l−1 NaCl]. After being subjected to 2 h
of hybridization at 37 °C, the substrates were then washed with
a 1X annealing buffer and DEPC-treated DI water for 5 min.
A mutant aptamer was hybridized onto the control substrates
using the same protocol, and these served as negative control.
PBS (pH 7.5, 1X) with 5 mmol l−1 magnesium chloride
solution was prepared, and the substrates were then placed in
it for one week or used immediately.

Six samples from each group of substrates were used for
the experiments. PDITC created a diisothiocyanate layer on the
glass surfaces, one end of which was attached to the surface-
tethered APTMS; the other end could bind to any amine-
bearing capture molecules such as amine-modified oligonu-
cleotide probes or proteins. The amine group of antibodies
bound directly to the PDITC terminus. The unreacted PDITC
end groups were capped to prevent any nonspecific adsorption.
To immobilize the aptamer on the surface, the captured DNA

Figure 2. AFM micrographs of the glass substrates. (a) shows the plain surface before RIE. The mean roughness remained below 1 nm. (b)
shows the roughened surface created using RIE. (c) is a zoomed-out micrograph showing the uniformity of the modified surface.

Figure 3. The two-tiered surface at 3 magnifications. (a) shows the micron–scale roughness created using sandblasting. (b) and (c) show the
zoomed-in micrographs of the fabricated nanotexture.
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was amine-modified at one end to bind to the surface-tethered
PDITC. This DNAmolecule hybridized to the extended region
of the EGFR-capturing aptamer. The captured DNA, along
with the hybridized aptamer, was previously reported to render
advantages like lessening steric and electrostatic hindrances
and increased reactivity for the aptamer through the increased
radiation of gyration [19].

2.2.9. Acridine orange (AO) fluorescence measurement. The
substrates were stained at different immobilization steps. An
AO solution of the concentration of 10 mgml−1 was prepared
in sterilized DI water, and the chips with the immobilized
ssDNA and RNA aptamer were immersed in this solution.
The container was covered and put on a shaker for 30 min.
Later, the chips were rinsed with DI water and dried with
nitrogen. The chips were immediately imaged with a
fluorescent microscope using appropriate filters.

3. Results and discussion

Plain glass substrates, after initial cleaning with a piranha
solution, were subjected to the RIE to create roughness of

high density. The surfaces were found to have homogenous
nanoscale structures, as can be seen from the AFM
micrograph of figure 2. The sand-gritted surfaces were treated
with diluted hydrofluoric acid (50:1) after piranha cleaning to
remove any remaining sand residue. The clean sand-gritted
surfaces were then subjected to the same RIE process as done
for the plain glass substrates to create the two-tiered micro
+nanotextured structure that had nanopatterns in the

Table 1. Mean surface roughness with standard deviations measured
at both the microscale and nanoscale created inside of the
microtexture.

Profilometer reading
(in μm) Scan Area

(2000 μm×2000 μm)

AFM reading
(in nm) Scan Area
(5 μm×5 μm)

Average Roughness 0.575 ± 0.3 21.6 ± 1.9
RMS Average 0.7 ± 0.8 26.27 ± 2.0
Maximum Depth 3.5 ± 1.2 27.53 ± 3.9

Figure 4. EDS analysis of the substrates. (a) represents the surface without any modification. (b) is obtained at least 24 h after the RIE process
and piranha cleaning. The data show no change in the surface elemental composition that can affect the immobilization of the RNA/antibody
on the surface or introduce any artifacts between the cell-substrate.

Table 2. Contact angle measurement of the surfaces before chemical
modifications. The ± sign indicates the range around the mean.

Surface Type Plain Nanotextured Two-tiered

Contact Angle 25.1° ± 1.1o 13.8° ± 1° 11.2° ± 0.9°

Figure 5. Fluorescence from acridine orange is measured during
surface functionalization to compare the presence of the surface-
bound oligonucleotides (n= 10). The higher fluorescence intensity
with the RNA hybridized surface depicts the higher number of RNA
present on the surface.
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microgrooves. SEM imaging revealed the nanotexture inside
of the the micropatterns (figure 3).

The surface roughness measured with a profilometer and
with AFM is shown in table 1. The profilometer readings
reveal the micron-scale roughness, whereas the AFM readings
depict the nanoscale features.

The EDS elemental analysis of the plain glass and fab-
ricated two-tiered surfaces showed no changes in the surface
elemental compositions, ensuring that no new material was
introduced to the surface that could potentially alter the cell
surface interactions (figure 4).

The hydrophilic surfaces become more hydrophilic with
the introduction of the surface texture, and vice versa [22].
Here, the water contact angle measured on the prepared sur-
face also showed the change in the hydrophilic property due
to the texturing (table 2). The surfaces with nanotexture
(13.9°) and the two-tiered texture (11.2°) were seen to be
more hydrophilic than the plain surfaces (25.1°). Hydrophilic
surfaces are known to facilitate molecular adhesion, thus
increasing the propensity of the interactions between the
surface and the probe molecules.

The surface areas of the nanotextured substrates were
measured using the triangulation method from the AFM
height map [23]. It was found that the roughening of the
surface through RIE on the plain glass surface increased the
surface area by roughly 20% (25 μm2 nominal area on the
plain substrate to the 30 μm2 actual surface area on the rough
substrate). This increase in the effective area facilitated a
higher number of ligands to bind on the substrates. The

immobilization of ssDNA and RNA aptamers on the surfaces
was verified by fluorescence measurements of the AO stain at
an excitation wavelength of 460 nm and an emission wave-
length of 650 nm. For quantification of the fluorescence
intensity, 10 equally sized square areas were selected on the
image, and ImageJ software was used to determine the pixel
intensity for those selected areas. The calculated pixel inten-
sity was averaged to determine the fluorescent intensity for
the image. The increased fluorescence at different surface
modification stages showed higher ligand immobilization on
the two-tiered surfaces (figure 5).

Figure 6. Fluorescence micrographs of cells captured on the surfaces. (a) and (b) show the bright field and fluorescence micrographs of the
cells captured on the simple nanotextured surfaces. (c) and (d) show the bright field and the fluorescence micrographs of the cells captured on
the two-tiered micro+nanotextured surfaces, respectively.

Figure 7. Cells captured on three surfaces functionalized with an
anti-EGFR antibody and anti-EGFR aptamer. In both cases, the cells
captured on the two-tiered micro+nanotextured surface are more
than double those captured on nanotextured surfaces.
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The EGFR overexpressing hGBM cells have been pre-
viously reported to bind preferentially to surface-bound
complementary ligands such as aptamers or antibodies [19].
The increased surface area of the textured surface enabled
higher antibody/aptamer functionalization, as well as many
more focal adhesion contact sites. The figure 5 data show a
75% higher intensity of the functionalized RNA aptamer on
micro+nanotextured substrate compared to just a nano-
textured substrate. This enhancement in the number of probe
molecules directly translates into overall enhanced cell iso-
lation. In our experiments, we found that the number of
hGBM cells bound to the two-tiered surface was significantly
higher than that on the plain surface. Nanotexturing of the
plain surface indeed increased the capture efficiency, as
reported before [24]. However, the micro+nanotexturing took
the efficiency a notch farther from the significantly higher
preference of the two-tiered glass surface to bind with the
cell-based receptors (figure 6).

For the antibody modified surfaces, a 208% increase in
cell isolation was observed with the micro-nanotextured
substrates compared to the surfaces that had nanotexture only
(figure 7). On average, 75 hGBM cells per mm2 were cap-
tured on the plain surface (SD= 16.45). The average number
of cells captured on the nanotextured surfaces was 350 per
mm2 (SD= 37.43), and the number of cells on the two-tiered
micro+nanotextured surfaces was 728 per mm2

(SD = 36.715).
Similar results were seen for the cell isolation experi-

ments with the anti-EGFR-aptamer modified surfaces. For
these surfaces, a 225% increase in the cell isolation was
obtained for micro+nanotextured surfaces relative to the
nanotextured surfaces. On average, there were 94 hGBM cells
captured on the plain surface per mm2 (SD = 13). The average
number of cells captured on the nanotextured surfaces was
372 per mm2 (SD= 36.23), and the number of cells on the
two-tiered micro+nanotextured surfaces was 840 per mm2

(SD = 90) In the two-tiered surface, the superior efficiency
could be attributed only to the increased effective binding
area, a better microenvironment and much more intimate
contact between the cell wall and the surface.

A few factors contribute to the higher surface isolation
efficiency. The increased surface area enhances the binding of
the ligand to the surface. This was verified from the fluores-
cence detection of the ligand on the surface (figure 5). Cell
contour matching to the microstructure enhances the odd for
the cells to come in contact with the cell surface. The
enhanced roughness (table 1) works as a mechanical barrier
for the cells and prevents them from getting eluted before
interacting with the surface. Again, aptamers provide a

homogeneous layer on the surface when compared to the
antibody. Although the binding force of the antibody is
slightly stronger than the aptamer (Kd= 1 nM for the antibody
versus 2.4 nM for the aptamer), the homogeneity of the
aptamer on the two-tiered surface ensures a denser aptamer
film on the surface [25, 26]. This creates an overall stronger
bond to the cell surface receptors. In addition, the homo-
geneous aptamer layer on the substrate creates a negatively
charged surface area. As cancer cells are known to have
higher sialyation on the surface compared to normal cells,
these surface-bound negative charges should have repelled
the negatively charged cancer cells. However, the specific
binding energy landscape between the anti-EGFR molecules
on the surface and the overexpressed EGFR molecules on the
cell membrane supersedes that.

The capture efficiency of each group is summarized in
table 3. It can be noted that the aptamer functionalized two-
tiered surface captured 84% of the cancer cells, compared to
the 72.8% obtained from the antibody-grafted surface. This
further proves that the homogeneous functionalization and the
two-tiered structure make up very well for the smaller binding
affinity of the aptamers.

To prevent substrates from saturating, we used one tenth
of the aptamer density than was reported before [19]. Because
of this, the number of cells captured on the plain surface is
lower than previously reported. However, as can be seen,
even with the low density aptamer, the substrate was able to
show superior efficiency that can only be attributed to the
two-tiered texture. It is possible that the cells can be trapped
mechanically in the larger groove, resulting in higher physical
adsorption and lowered isolation specificity. To verify such
non-specific binding, similar experiments with control astro-
cyte cells were performed on the same set of surfaces. The
number of captured astrocyte cells increased from 0.64% to
5.9% for the two-tiered surface; in contrast, the capture yield
of the hGBM cell increased from 9.4% to 84%. The impor-
tance of capturing all of the possible cancer cells supersedes
the cost of the slightly reduced specificity, and such a trade-
off of decreased specificity has been reported before [24].

Cell morphology also dictated the isolation efficiency of
the surface. The morphology of the captured cells has been
reported to be flatter on nanotextured substrates with an
increased number of pseudopods. This indicated that more
receptors on the cell membrane may come in contact with the
capturing aptamers. The flatter orientation also caused the
decreased cell height that further assisted the cells from being
eluted. SEM micrographs of the cells captured on different
surfaces revealed that the cells were bound strongly on the
two-tiered surfaces with the increased number of pseudopods

Table 3. Comparison of the cell capture efficiency on different surfaces.

Cell Type Anti-EGFR molecule Plain Nanotextured Two-tiered

hGBM Antibody 7.5 ± 2.1% 35 ± 5.1% 72.8 ± 7.3%
RNA Aptamer 9.4 ± 2.1% 37.2 ± 4.1% 84 ± 7.9%

Astrocyte Antibody 0.4 ± .06% 0.64 ± 0.1% 5.9 ± 1.1%
RNA Aptamer 1.3 ± .06% 3.6 ± 0.1% 7.5 ± 2.2%
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and the flatter surface area (figure 8). This can be attributed to
the increased surface area as well as the increased number of
ligands on the surfaces for the cells to interact with. On the
plain surface, the cells remained mostly spherical.

Previously, 80–95% of the capture yield has been
reported, achieved with nanopillars, nanowires and other
nanostructured surfaces. The 84% isolation efficiency of the-
two tiered surface is very competitive to these reported works.
However, our preparation method is two-step and simple. The
typical sample size prepared through other complex processes
is small, and normally these devices can only process small
amounts of a sample for analysis. The approach shown here
can easily prepare two-tiered surfaces on common glass slides
(75 × 50 mm) that can meet the need to process large volumes
of samples.

4. Conclusion

Targeted cell isolation techniques with superior efficiency
hold the utmost importance for early cancer detection. This
work shows a facile and simple device platform that mimics
cellular interactions for cancer cell isolation. The optimization
of the surface with micro- and nanotexturing reliably isolates
84% of the tumor cells from a sample. With a simplified
fabrication technique and reusability, this provides a possible
path toward developing economic point-of-care devices.
Although the capturing of non-specific cells increased slightly
with the surface texturing due to the high amount of cancer
cell isolation, the sensitivity of the device increased much
more significantly. The micro+nanotexture showed a better fit
with the cell contours, whereas the nanotexture stimulated
better cell adhesion.
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