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Abstract. Control of interaction between nanostructures and living cells is important for

1. Introduction

can be made to improve surface characteristics of the
materials.
The surface of substrates can be modi ed through
di erent techniques involving changing the surface
chemistry and/or topography. These techniques include physical methods, such as plasma treatment with
glow or corona discharge [6] and ion beam irradiation [7]. Surface etching and grafting methods [8{
11] are employed for chemical modi cations. The
plasma treatment process in various gas environments
generates numerous types and quantities of functional
groups on the substrate, which can be controlled via
gas composition, distance between the samples and
the electrode, and power and duration of plasma
treatment [12,13]. Plasma etching and nanotexturing can change the topography of surfaces to induce
preferential cell adhesion in prede ned areas [14{18].

Quartz;
Nanotextured surface;
Cell;
Basement membrane;
Micro uidics;
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tissue engineering. The topography and hydrophilicity of nanotextured surfaces can provide
information on the in vitro interactions between cells and the surrounding environment,
which is of great importance in bio-applications. This study proposes a Reactive Ion
Etching (RIE) to texture the quartz surfaces with 5 and 10 nm surface roughness. The
interaction of human cell lines (human breast cancer cells, MCF-7, and Human Dermal
Micro-Vascular Endothelial Cells (HDMVEC)) with the nanostructured surfaces exhibited
di erent levels of morphogenesis when the cells adhered to the bare and nanotextured
quartz surfaces. The chemical compositions of the surfaces were characterized by X-ray
Photoelectron Spectroscopy (XPS) and the results showed that cells preferred to grow on
hydrophilic surfaces with hydroxyl groups. Moreover, the cellular processes, such as adhesion and spreading, were a ected by the combination of physical and chemical properties
of the surface, namely, surface topology and hydrophilicity. The ndings demonstrated the
potential applications of quartz nanostructure surfaces with high microscopic image quality
in tissue engineering for controlling cell growth via appropriate surface modi cations.
© 2020 Sharif University of Technology. All rights reserved.

Biological cells adapt to their environment via their
adhesive interaction with a substrate [1]. Since the
cell adhesion phenomenon occurs before cell spreading,
migration, and di erentiation, the material surface
interaction with the cells is very critical. There are
several surface properties that a ect cell adhesion, such
as wettability, surface charge, surface roughness, and
topography [2{5]. Therefore, various modi cations
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Micro/nanotextured structures have the size of ECM
proteins, hence they a ect cells directly [19,20]. Microstructured surfaces alter cell morphology [21], while
nanostructured substrates can induce proliferation and
di erentiation [22].
Behavior of diverse cell types in response to
surfaces with nanotopography has been widely investigated. Human fetal osteoblastic (hFOB) cells
cultured on plasma treated polystyrene lms [23],
mouse immortalized broblasts cell line (3T3) cultured
on oxygen plasma etched Poly Methyl Methacrylate
(PMMA) substrates [24], Vascular Smooth Muscle
Cells (VSMCs) and mouse broblasts (L929) cultured on plasma modi ed polyethylene [25], neuronlike PC12 cells cultured on micro reactive ion etched
nanotextured glass coverslips [26], rat mast cell line
(RBL-2H3) cultured on chemically etched titanium
surfaces [27], and mouse neuronal Schwann cell line
(SW10) cultured on laser micro/nano structured silicon
surfaces [28] all represent enhanced adhesion, proliferation, and migration.
Cancer cell isolation and culture on nanotextured
surfaces have been studied as well [29]. In order to
capture MCF-7 cells, a wet chemical etching method
was used on silicon wafers to achieve nanopillars (SiNP)
with diameters in the range of 100{200 nm [30]. The
nanostructured surfaces were coated with epithelialcell adhesion molecule antibody (anti-EpCAM) and
the results exhibited capture yield of cancer cells up
to 10 times more than the at silicon substrates. In
another study, Islam et al. [31] fabricated nanotextured
polydimethylsiloxane (PDMS) substrates using micro
Reactive Ion Etching (RIE) modi ed with immobilized
aptamers. It was shown that the growth rate of
human glioblastoma cells was higher on these surfaces
than on plain PDMS. A nano-electromechanical chip
(NELMEC) was introduced by Hosseini et al. [32] to
distinguish both epithelial and mesenchymal circulating tumor cells, MCF-7 and MDA-MB231 cell lines
respectively, from white blood cells through a labelfree method. In this micro uidic device, tumor cells
were captured by silicon nanograss (SiNG) electrodes
based on their various membrane capacitance and the
capture yields were between 92% to 97%. Dou et
al. [33] developed bioinspired micro and nanotextured
PDMS surfaces with hierarchical topographies of the
rose petals to capture and release circulating tumor
cells (PaTu 8988t and MCF7). Anti-EpCAM was
conjugated to the surfaces for better cell-targeting.
They achieved capture ability 6 times higher than that
of at surfaces, even at low concentration of 100 cell
mL 1 , and ecient release of captured cells with high
viability for the subsequent cell analysis.
Polymers [34,35], metals [36,37], and glass/quartz
[26,38,39] are commonly used as substrates for nanotexturing. Among these materials, bare glass/quartz

substrate is considered as a suitable candidate for cell
culture experiments, because it provides satisfactory
optical properties, low auto- uorescence in the UV
range, and negligible or lack of birefringent properties
that can deteriorate microscopic image quality [40{
42]. Glass/quartz is also chemically inert compared to
transparent plastic cover slip. Poly-L-lysine, laminin,
brillin, bronectin, collagen, and other components
are used as substrate coatings to enhance cell adhesion,
but they may interfere with the cell spectra [43,44].
Draux et al. [45] compared three substrates used for
Raman microspectroscopy (Quartz, ZnSe, and CaF2)
of cancer cells. This study revealed that quartz
and CaF2 were more suitable for cell growth than
ZnSe, which showed weak cell adherence because of
its toxicity. No cytotoxic properties of glass/quartz
substrates were observed for cell adhesion and proliferation [46,47]. However, quartz exhibits superior optical
and thermal properties to other kinds of glass due to
its purity.
In this work, cell adhesion and its growth behavior
were investigated on bare and nanotextured quartz
surfaces in a micro uidic platform. Adult Human
Dermal Micro-Vascular Endothelial Cell (HDMVEC)
line, as the representative of normal cells, and human
breast cancer cell line (MCF-7), as representative of
tumor cells, were evaluated in this study. These
two types of cells were chosen due to the increasing
prevalence of vascular diseases and cancer. In addition,
they provided the possibility of comparison between the
behaviors of healthy and unhealthy cells. Examining
the aforementioned cell types showed the versatility of
our proposed micro uidic device. The quartz surface
was nanotextured by RIE system. Then, PDMS micro uidic channels were integrated with nanotextured
quartz surfaces to investigate cell adhesion strength.
Based on Atomic Force Microscopy (AFM) and X-ray
Photoelectron Spectroscopy (XPS) results, roughness
and hydrophilicity of the nanostructured quartz surfaces increased, respectively. Results indicated that the
nanotextured quartz surface was a more suitable platform for controlling the adhesion of HDMVECs than
that of MCF-7 cells. In addition, the nanotextured
quartz surfaces had high-quality microscopic images for
biological application. Combination of nanotexturing
and micro uidic technology can inspire researchers to
simulate biological processes in vitro and understand
cellular behavior in vivo.

2. Materials and methods
2.1. Fabrication of nanotextured quartz
surfaces

In the process of experiments, 0.5 mm thick quartz
substrates were rinsed with acetone and isopropyl
alcohol (IPA) in an ultrasonic cleaning bath for 20 min
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and washed in a ow of deionized water and blown
with air. The RIE process was employed with Sulphur
hexa uoride (SF6 ) and Ar gases mixture to texture the
quartz surfaces. The etching process was performed
with the power of 200 W and pressure of 20 mTorr for
25 and 30 minutes. The ow rates of SF6 and Ar gas
were both 25 sccm.

2.3. Atomic Force Microscopy (AFM)

2.2. Fabrication of micro uidic channel with
SU-8 mold

To investigate optical performance, the transmittance
was measured for the nanostructured quartz using a
UV-visible spectrometer (ReyLeigh UV-2601). The
measurement was performed in the range of 200 nm
to 1000 nm.

In this work, the PDMS microchannel was constructed
via soft lithography method. Schematic illustrations
of the fabrication process of PDMS/quartz micro uidic
device are shown in Figure 1. The fabrication processes
involved mold fabrication and PDMS (Sylgard 184
silicone elastomer base) casting. The silicon master
mold was fabricated through photolithography process.
To prepare the PDMS, the elastomer base was mixed
with curing agent at a ratio of 10:1 in weight. The
mixture was degassed in a vacuum chamber and then,
casted onto the Si master mold. This was followed by
curing it at 125 C for 20 min. The PDMS replica was
then peeled o from the mold. Two holes were punched
on the reservoirs to make the inlet and outlet for PDMS
micro uidic device. Consequently, PDMS micro uidic
channel with dimensions of 300 m in width and 80 m
in height was fabricated.
To bond a PDMS microchannel to a quartz
surface, they were treated in air plasma for 30 s. Then,
the PDMS microchannel and quartz substrates (treated
and untreated) were brought into contact with each
other and hardly pressed to make a permanent seal.
The fabricated device was heated for 5{10 minutes to
strengthen the bonding. Prior to use, the device was
sterilized with UV light for 30 min.

The Root Mean Square (RMS) roughness of the quartz
substrates was acquired at room temperature using
AFM to evaluate the surface morphology. The RMS
roughness of samples was obtained by the scanned
areas acquired using AFM topographies.

2.4. Transmittance measurement

2.5. X-ray Photoelectron Spectroscopy (XPS)
measurement

The e ect of plasma etching on the chemical structure
of quartz surface was analyzed using XPS (BESTEC,
Germany). The results were measured using an
analyzer equipped with a monochromatic Al-K Xray source (h = 1486:6 eV) operating at ultra-high
vacuum (10 7 Pa).

2.6. Scanning Electron Microscopy (SEM)
samples preparation

The cells were cultured on the untreated and nanotextured quartz surfaces for 12 h under normal conditions,
as described in the following. After incubation, cells
were washed with Phosphate Bu ered Saline (PBS)
and xed with 2.5% glutaraldehyde for 5 h at 4 C. The
cells were washed again three times with PBS; treated
with di erent grades of ethanol (50%, 70%, 95%, and
100%) twice, 10 min each; and dewatered with acetone,
followed by air ow drying. SEM images of cells were
obtained using acceleration voltage of 20 kV. Prior

Figure 1. Schematics of the fabrication process of Polydimethylsiloxane (PDMS)/quartz micro uidic device.
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to measurement, the samples surfaces were coated by
20 nm Au to prevent charging e ects.

2.7. Cell culture

Both endothelial and MCF-7 cells were obtained from
National Cell Bank of Pasteur Institute of Iran [48].
The endothelial cells were cultured in Dulbecco's Modi ed Eagle's Medium (DMEM)/F-12, which contained
5% horse serum, 100 Uml 1 penicillin, 100 g ml 1
streptomycin, 100 ng ml 1 cholera toxin, 10 ng ml 1
epidermal growth factor, 0.5 mg ml 1 hydrocortisone,
10 mg ml 1 insulin, and 1% (w=v) L-glutamine at
37 C under an atmosphere of 5% CO2 (all from Sigma
Chemical). Similarly, MCF-7 cells were cultured in
DMEM containing 10% FBS, 100 U ml 1 penicillin,
100 g ml 1 streptomycin, 10 mg ml 1 insulin, and
1% (w=v) L-glutamine.
For cell culturing in the microchannel, the cells
were treated with 0.25% trypsin-EDTA and washed
with FBS three times to eliminate the trypsin trace.
Cell concentration was controlled at  2:5  106 ml 1
to provide consistent experimental conditions. For
measuring the cell adhesion, each cell solution was
injected into the microchannel by surface tension
driven capillary ow. Consequently, after stopping the
injection, the cells were left to adhere to the bottom
of the microchannel in an incubator for 12 hours.
Then, bright- eld images of cells were taken under
optical microscope (Labomed, TCM 400). To have a
uniform shear stress, cells were spread homogeneously
with an appropriate spacing between them. Next, by
connecting each microchannel to a syringe pump, the
medium solution was transferred into the microchannel
with raising ow rate in a stepwise manner. In each
step, the medium was owed for the time span of 60 sec
and the number of adherent cells was counted through
an optical microscope.

2.8. MTT assay

MTT assay is a colorimetric assay showing the viability
of the live species to remain alive while exposed to a
certain environment [49]. The nanotextured quartz
surfaces were made sterile by autoclave before cell

seeding process. As a control, an equivalent volume of
cells was cultured into a culture dish. The attached
cells viability on the nanotextured quartz surfaces
was investigated in 3-(4,5 dimethylthiazol-2-yl)-2,5diphenyltetrazolium bromide (MTT) assay conditions.
For this purpose, the cells were cultured for 12 hours as
explained in Section 2.5. Then, the substrate samples
were transferred to a well with cells and 10 l of MTT
solution with the concentration of 5 mg/l was added
to the each well. Then, for a duration of four hours,
MTT was allowed to be metabolized by cells at 37 C
in 5% CO2 . Then, the oat materials were carefully
removed from the surface of the wells and 400 l of
dimethyl sulfoxide (DMSO) was added to each well.
The wells were shaken for 10 min and the Optical
Density (OD) of the dissolved solute was acquired at
560 nm wavelength, with 670 nm re ected.

2.9. Statistical analysis

The SPSS statistical software version 18 was used to
investigate the results. All the data in this research
were shown as means  the standard error of the mean
and analyzed using single-factor ANOVA. In addition,
the signi cance level was established at P < 0:05. The
means (+SD) of three biological replicates are reported
here.

3. Results and discussion
3.1. Quartz analysis

3.1.1. AFM analysis
The AFM topology of the untreated and nanostructured quartz surfaces is presented in Figure 2. The
RIE process conditions are described in Section 2.1.
The average of the measured roughness of the untreated
quartz is 0.5 nm, whereas those of the samples textured
for 25 and 30 min are 5 and 10 nm, respectively.
3.1.2. Transmittance analysis
Transmittance was measured for the treated quartz
samples from UV to the near-IR region (200 nm
to 2000 nm). (Figure 3). Transmission data for
a bare quartz sample were used as reference. The

Figure 2. Atomic Force Microscopy (AFM) images of quartz samples: (a) Before plasma treatment and after (b) 25 min,
and (c) 30 min plasma treatment.
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Figure 3. Transmittance spectra of the quartz and glass
samples.

nanostructured quartz surfaces with 5 and 10 nm
roughness had very similar curves to that of the bare
surface, because the height of nanostructures was very
short. In addition, it is clear from Figure 3 that quartz
has higher transmission than the glass substrate and,
most importantly, it is transparent in the broad range.
Thereby, the microscopic image quality of the biological
samples being viewed via modi ed quartz substrate has
improved.

3.1.3. XPS analysis
The curve in Figure 4 shows the XPS pro les in highresolution Si 2p area for untreated and treated quartz
surfaces with 5 and 10 nm of roughness. The determined value for Binding Energy (BE) of Si 2p electrons
(BE = 103:9 eV) in this work is in agreement with the
reported one for the natural quartz [50]. The value is
almost equivalent to SiO2 and corresponds to the Si4+
oxidation state. By contrast, the BE of the Si 2p core
level of the treated quartz samples is 105 eV, as shown
in Figure 4. The energy shift of the XPS peaks to
105 eV is possible because of the formation of SiOx Fy
passivation layer during RIE process. Also, we can see
from this gure that the Si(-OH)x peak at 102.5 eV
occurred after RIE process. In fact, the quartz surface
was activated by argon plasma and the introduced
groups to the surface. The activated surface can react
with the oxygen or moisture in the air, forming SiOH groups on the quartz surface [51,52]. Based on
our XPS results, hydrophilic functional groups and
hydrophilicity of the quartz surface increases.

3.2. Cell analysis

3.2.1. SEM analysis
The substrate is a support for cells with speci c
physical and chemical properties to guide cellular
behavior. The initial indicator of cell interaction with
its microenvironment is adhesion through mechanotrasduction [53]. Focal adhesions, which are large

Figure 4. Comparison of Si (2p) X-ray Photoelectron

Spectroscopy (XPS) spectra acquired on untreated and
treated quartz surfaces.

macromolecular integrin-containing structures, receive
extracellular mechanical signals and transduce them
to intracellular forces and chemical signals. As a
result, a traction force is generated on the cytoskeleton
and then, exerted on the substrate during adhesion.
Following adhesion, cells start to adapt to their surrounding environment, leading to spreading, migration,
and di erentiation [54,55].
Figure 5 shows the SEM images of MCF-7 and
endothelial cells after 12 h of culture on untreated
and nanostructured quartz surfaces with 5 and
10 nm surface roughness. The SEM images revealed
that both cell types had an almost spherical form
on the untreated quartz surfaces (Figure 5(a)
and (b)). However, in Figure 5(b), the connection
of endothelial cell indicates larger adhesion strength
to the surface than the cancer cell. Cells in vivo
interact with complex nanoscale structures, not plain
surfaces. Thus, nanotexturing mimics the extracellular
matrix of various tissues providing natural cell
behavior. Nanotextured surfaces regulate cell function
by inducing local di erences in interfacial forces
followed by changes in focal adhesion formation and
cytoskeletal structure [56]. Figure 5(c) and (d) show
that increasing surface roughness to 5 nm enhances the
adhesion strength of both cells. Nanostructured quartz
surfaces with 10 nm roughness led to the elongation
of MCF-7 cells in a triangular manner (Figure 5(e)).
In general, cancer cells are symmetrically star-shape
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Figure 6. Viability measurement of MCF-7 and

endothelial cells in response to di erent substrates - MTT
test.  = P < 0:05 relative to sample S1.

Figure 5. Scanning Electron Microscopy (SEM) images
of MCF-7 and endothelial cells after 12 hours of cell
culture in an incubator on ((a), (b)) untreated quartz
surface, ((c), (d)) nanotextured quartz surfaces with a
roughness of 5 nm, and ((e), (f)) 10 nm.

structures on the nanostructured quartz surfaces,
whereas endothelial cells have irregular structures [57].
Lamellipodia associated with endothelial cells is spread
widely on the surface, even at low surface roughness,
which is not much visibly detectable in MCF-7
cells (Figure 5(f)). It is shown that the number of
lopodia in both cancer and endothelial cells increases
with increase in the surface roughness [58]. Naturally,
endothelial cells tend to grow attached to the
substrate, while cancer cells prefer to grow spherically
and in the form of a tumor. Our results support this
fact as the adherence and elongation of MCF-7 cells
are not pronounced very well onto the nanostructured
quartz surfaces compared with the endothelial cells.
Substrate modi cation not only has impact
on cell deformation, but also changes the nuclear
shape [59,60]. It is observed that the deformation
of cancer cell nuclei is di erent from that of healthy
cells [61]. This di erence highlights the potential of
micro/nanotextured substrates for cancer cell identi cation and isolation.
3.2.2. Cell viability
Biocompatibility of the nanotextured quartz surfaces
was investigated by MTT assays. Figure 6 shows the
viability of the seeded MCF-7 and endothelial cells

after 12 h of culture on the untreated quartz (S1), nanotextured quartz (S2, 5 nm roughness), nanotextured
quartz (S3, 10 nm roughness), and control (culture
asks). The error bars illustrate mean SD of the data
from three independent identical experiments. The cell
viability di erences were assessed. The results showed
that cell viability percentage for untreated quartz (S1)
was lower than that for the treated samples. No cytotoxic properties for cell adhesion and proliferation in
glass/quartz substrates have been observed in previous
studies [46,47]. Thus, most of the cells were probably
detached from the bare (untreated) quartz surface
during washing in MTT assay. The presented MTT
results indicated that 97% of the endothelial cells and
94% of the MCF-7 cells that adhered to the S3 surface
remained alive. The results also showed that the
viability of both cell types cultured on nanotextured
surfaces with high roughness was not signi cantly
di erent from that of the control. Therefore, our
nanotextured platform provides a substrate with the
desired properties of culture asks, which is suitable
for cell function. In general, almost all the endothelial
cells were alive after 12 h of culture on the nanotextured
quartz surface with 10 nm roughness (S3).

3.2.3. Cell proliferation
Figure 7(a){(f) displays microscopic images of MCF-7
and endothelial cells after 12 h of culture on untreated
and treated quartz surfaces. As can be seen, the
proliferation of both MCF-7 and endothelial cells was
enhanced by increasing the quartz surface roughness.
According to SEM images, MTT assay results, and
microscopic images represented in this study, cells
adhered, survived, and proliferated better as the quartz
surface roughness increased to 10 nm. In Figure 7(g),
the fraction of adherent MCF-7 and endothelial cells
is plotted as a function of roughness variations. The
fraction of MCF-7 adherent cells is higher than that
of endothelial cells on the untreated quartz surface.
As shown in this plot, the fraction of adherent cells
for both MCF-7 and endothelial cells increases with
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Figure 7. Microscopy images of MCF-7 and endothelial

cells after 12 h culturing on ((a), (d)) untreated, ((b), (e))
5 nm-rough, and ((c), (f)) 10 nm-rough surfaces (scale
bars indicate 100 m). (g) Plotted fraction of adherent
MCF-7 and endothelial cells as a function of roughness
(the cells demonstrated a signi cant adhesion by
increasing the surface roughness compared with the
untreated sample ( = p < 0:05)).

increase in surface roughness up to 10 nm. The
fractions of MCF-7 and endothelial adherent cells are
about 0.7 and 0.9, respectively. Based on these observations, the rough surface a ects endothelial cells more
signi cantly and improves their adhesion to the surface.
This result was more ampli ed at the roughness of
10 nm. It should be noted that a saturation state was
observed on very rough nanotextured surfaces, which
led to cell inhibition at long cell culture times [24,62].
Thus, characteristics of nanotextured surfaces are to be
optimized according to the desired application.

3.2.4. Cells in PDMS micro uidic channel
To examine the adhesion strength of MCF-7 and
endothelial cells, a PDMS-based micro uidic channel
was fabricated on the quartz surfaces. Figure 8(a)
and (b) shows the MCF-7 and endothelial cells in a
PDMS micro uidic device after 12 h of culture on
untreated quartz surfaces. The cells remained spherical
and unstretched on the untreated quartz surfaces in

Figure 8. MCF-7 and endothelia cells after 12 h

culturing in the PDMS/quartz micro uidic device on ((a),
(b)) untreated surface with no shear stress, ((c), (d))
10 nm rough surface with no shear stress, ((e), (f)) 10 nm
rough surface with the shear stress of 40 dyn cm 2 , ((g),
(h)) 10 nm rough surface with the shear stress of 80 dyn
cm 2 , and ((i), (j)) 10 nm rough surface with the shear
stress of 120 dyn cm 2 . (k) Fraction of MCF-7 and
endothelial cells remaining adherent to nanorough
(RMS = 10 nm) substrates after 6 min exposure to
constant directional uid shear.

the micro uidic device. Ten nm rough quartz surface
proved the best choice for cell culture. Therefore, in
the next step of our study, the micro uidic device
was fabricated based on this roughness. Figure 8(c)
and (d) shows the MCF-7 and endothelial cells in
the microchannel with 10 nm rough quartz surface
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device after 12 h of culture. Increasing the surface
roughness enhanced cell attachment and proliferation
for both cancer and endothelial cells. In addition, uid
shear stress was applied to the micro uidic channel
with 10 nm roughness and the stress increased from
0 to 120 dyn cm 2 within 6 min (Figure 8(e){(j)).
The results indicated meaningfully di erent levels of
preference between MCF-7 and endothelial cells in
adhering to the nanorough quartz surface. Fractions of
MCF-7 and endothelial cells that were attached to the
untreated and nanorough surfaces were quanti ed and
they are plotted in Figure 8(k). It was observed that
the endothelial cells which adhered to the rough surfaces could resist higher uidic shear stress than MCF-7
cells. In fact, only 8% of MCF-7 cells remained in the
micro uidic channel and 92% of them detached from
the surface after applying shear stress of 120 dyn cm 2 .
By contrast, 36% of the endothelial cells remained
attached to the surface of the microchannel. This
nding suggests that endothelial cells are more adhesive
to the nanorough surfaces than MCF-7 cells are.

2.

3.

4.

5.

6.

4. Conclusion
Quartz substrates were successfully nanotextured by
Reactive Ion Etching (RIE) process to modify the surface properties for tissue engineering. The quartz nanotextured surfaces were attached to a Polydimethylsiloxane (PDMS) microchannel to fabricate a micro uidic device for dynamic cell culture. Plasma-treated
surfaces o ered improved cell adhesion, allowing cell
growth, spreading, and proliferation and demonstrating biocompatibility of the samples. The Scanning
Electron Microscopy (SEM) and MTT test results
demonstrated that endothelial cells exhibited superior
adhesion and proliferation to MCF-7 cells. Moreover,
the sheer stress e ect in the micro uidic devices led
to higher adhesion strength in endothelial cells. The
ndings indicated that the proposed technique can
be used for surface nanotexturing in investigating the
adhesion and growth of cancer cells on nano-scale
surfaces. Consequently, it can also be used to develop
cell cultures for applications such as drug delivery,
cancer cell biology, and tissue engineering.
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