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ARTICLE INFO ABSTRACT

One of the most interesting fields of research in cancer diagnosis is tracing the relation between extracellular
media and cancer progression. Detecting the secreting contents of the cells and translating these molecular
pH identifications into label-free recognizable patterns would open new opportunities in cancer research.
Membrane depolarization Electrochemical responses are in the range of most attractive sensing mechanisms especially in biochemical
zlhcon nalrio—roughened approaches. Perturbed ionic exchanges as a known biochemical function of cancer cells presented a strong
A:?;:Sri:e correlation with the pH of the tumor microenvironment. Different ionic activities detected by an electrochemical

bio-sensing system in the malignant and normal cells in the presence of acidic ambient were our main results
presented in this research. Herein, silicon Nano-roughened substrate as a well-known electrochemical interface
was applied in the construction of the biosensor. Viability rate as well as apoptotic factors involving in cancer
progression were assessed by biochemical assays in normal (MCF10A) and cancer (MCF7 and MDA-MB468)
breast cells. Our findings demonstrated that pH-based electrochemical responses were matched with the results
obtained from the biological analyses of both normal and malignant cells. Induction of acidosis in the cells
followed by monitoring their electrochemical responses would be a new trend in microenvironment based cancer
investigation.

Keywords:
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1. Introduction selective label-free interactions between analytics (the complex of the

cell and its medium) and the examined interface (the cell culture sur-

A bio-electrochemical sensor can translate the cell chemical phe-
nomena into an electrical signal [1]. Label-free tracking of such che-
mical signatures is of great importance since the presence of the bio-
logical markers (like enzyme, antibodies and etc.) in the traditional
techniques might seriously affect the resultant response [2,3]. More-
over, the complexity of chemical modifications would limit the accu-
racy and reliability of the bio-electrochemical sensor while achieving

face), can lead to great responses with minimized perturbations and
maximized precision. Among various models of electrochemical bio-
sensing, detection of alterations in the oxidative/reductive responses of
the analytic as a result of changes in the extracellular media, attracted
great interest in the recent years [4,5]. Engineering the bio-electro-
chemical interface in a label-free bio-sensing manner could be crucial to
obtain the accurate and stable responses [6,7]. It has been reported that
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applying Nano-textured surfaces would enhance both sensitivity and
selectivity of the biosensors [8].

Extracellular media as one of the most interesting analytics could
reflect many biological parameters of active bio-agents such as cells and
has an important role in modifying their behavior [9]. For example,
acidification (reduction in the pH of the extracellular media) could
induce many functional changes correlated with the phenotype of the
cells [10,11], as many evidences validated that the most acidic tumors
are more prone to invasion and metastasis formation [12]. Activation of
autophagy in the acidified cancer cells increases the probability of their
invasion [13], whereas an aberrant increase of intercellular H* in
normal cells perturbs their ionic equilibrium and would induce apop-
totic pathways [14].

Tracing the effects of acidic extracellular media on normal and
cancer cells by high-resolution electrochemical approach has not be
discussed in previous reports. Therefore, in the current study, we in-
troduce for the first time a bio-electrochemical sensing method to
monitor the pH-dependent behavior of normal and cancer cells by
tracing their biochemical properties, ionic exchanges, and oxidation/
reduction interactions in order to diagnose the invasive tumor cells. The
intensity of oxidation/reduction exchanges and electrical current
blocking are our main monitoring parameters. The work electrodes of
our sensor were fabricated by silicon Nano-roughened (SiNR) substrate
which could produce an enhanced interactive interface to improve
signal extraction from the adhered cells [15]. The crystalline structure,
high interactive surface and stable physical and chemical properties of
the work electrode in a moderate acidic media, were some of the ad-
vantages of the selected SiNRs as our candidate for the cellular interface
[16,17]. The cells were cultured on the SiNRs electrodes and subse-
quently, the pH of the medium was reduced to the acidic values (6.5 &
5.5) for the known time intervals. The cyclic voltammetry (CV) and
differential pulse voltammetry (DPV) of the cultured cells were ex-
tracted up to 24hr. In parallel, biological analyses were experimented to
evaluate the correlation between electrical signals and biological evi-
dences.

2. Material and methods
2.1. Fabrication of the biosensor

The Si samples as a substrate were cleaned through RCA1 standard
cleaning process (NH4OH:H202:H20 solution with a volume ratio of
1:1:5, respectively). Subsequently, a thin layer (~300 nm) of SiO, was
grown on the substrate by the wet oxidation furnace. To define the
Nano-roughened work electrode, a 1pum photoresist layer was de-
posited on the surface of the sample and circle area was patterned by
the developer. The anisotropic dry etching method used in this study is
based on sequential deep reactive ion etching (DRIE) process which
utilizes SF¢ gas for etching step and a mixture of hydrogen and oxygen
with a trace value of SFe instead of polymeric material in the passiva-
tion (Table 1). This process enjoys low plasma power density and
higher reactor pressure in comparison to Bosch process. Fig. 1-B sche-
matically, demonstrates Nano-roughening mechanism used in the se-
quential etching process and main ions and radicals which have effects
are shown. Fluorine ions and radicals are the primary etching agents to
react with silicon atoms from the top surface layer gradually to inside
layers, while oxygen and hydrogen ions and radicals combined together
comprise the building blocks to synthesize the complex quasi silicon

Table 1

Plasma parameter in Nano-roughening process.
Process Flow (SF¢/04/H,) (sccm) Power (W) Time(s)
Etching 140/0/0 130 8
Passivation 13/230/620 200 50
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oxide compound on top of the surface layer. On the other hand, due to
the directional nature of plasma, SF5* ions bombard the bottom of the
sample and helped the removal of bottom passivation layer while
sidewalls passivation was less affected (Fig. 1 B1).

Table 1 provides near-optimum conditions for both the passivation
and etching sub-cycles in the deep etching process. In general, to
achieve a high aspect ratio Nano-tips, one has to maintain a balance
between the passivation parameters especially hydrogen and oxygen
gases. Incorporation of Ho/O, and SF¢ during the passivation step leads
to the formation of a protecting layer over the sample while hydrogen
bombardment helps to remove this protective layer from the bottom of
the crater. We have examined the effect of various parameters such as
gas flow, plasma power, duration and pressure of each sub-cycle. It has
been found that the reduction in the flows of both hydrogen and oxygen
gases during the passivation step would lead to improper passivation
which in turn leads to the improper formation of a grassy surface. By
increasing the passivation time and power, sharp tips are obtained but
the total etch rate drops (Fig. 1 B2).

Nano-roughening process induced Nano features with the diameter
of sub 100 nm and height of about 100-150 nm (AFM (Atomic-force
microscopy) profile) (Fig. 2). A thin layer of titanium and Au layer (20
and 200 nm, respectively) deposited by RF-sputtering system (Veeco
Co.) and patterned by lithography process; therefore, the working
electrode fabricated by Nano-roughened and reference and counter
electrodes were coated by Au. The schematic of the fabrication process,
as well as an AFM and SEM image of the sensor, are shown in Figs. 1
and 2.

2.2. Cell culture

MCF10A, MCF7 and MDA-MB468 cell lines, obtained from the
National Cell Bank of Iran (Pasteur Institute), had been isolated from
human breast normal, non-metastatic and metastatic tumors, respec-
tively. MCF7 and MDA-MB468 cells were cultured in RPMI-1640
medium (Sigma) supplemented with 5% fetal bovine serum (Sigma),
and 1% penicillin/streptomycin (Gibco). The MCF10A cell line was
cultured in DMEM/F12 supplemented with 10% horse serum, 1% an-
tibiotic solution, 0.2% NaHCO3, insulin (5 pg/ml), EGF (10 ng/ml) and
Hydrocortisone (1 pg/ml). All cells were maintained in a humidified
incubator at 37°C containing 5% CO, and the medium was renewed
every other day. Prior to each experiment, medium of cells was re-
moved, then 1% trypsin was added and after 5 min RPMI1640 were
added, then the trypsinized cells were centrifuged (5 min, 1200 RPM).
After removing medium, cells were counted and suspended on the
washed sensor. To minimize the effect of trypsinization, the procedure
was taken less than 4 min at room temperature around 20-22 °C. We
held the samples in the incubator for 4hr to achieve cell attachment on
the sensor work electrode.

2.3. CV measurement procedure

For CV characterization, three-electrode electrochemical cyclic
voltammetry was performed using the electrochemical workstation,
RNFPG Stat (Roshd Nanofannavaran Co. Iran). Instead of the system
electrodes, we used our integrated electrodes fabricated as mentioned
(Fig. 1 A). CV was performed between the integrated SiNR covered
working and counter electrodes, with an on chip reference electrode.
The reference electrode was calibrated before by Ag/AgCl reference
electrode in 1 mM ferrocene carboxylic acid with 1 mM potassium
chloride solution. CV studies were performed using DC voltage and no
AC frequency was applied. For CV data recording, measurements were
carried out at —0.4-0.8 V at a scan rate of (100 mv/s).

2.4. MTT assay

To investigate the biocompatibility of Nano-roughened surfaces, we
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Fig. 1. Fabrication process of the sensors. (A-1) SiO2 has been grown on the Si surface for electrical isolation. (A-2) Photoresist layer has been coated as a mask of
roughening process in DRIE plasma system. (A-3, 4) Nano-roughened working electrodes has been fabricated and Ti-Au have been deposited and patterned as
references and counter electrodes. (B) Schematic of etching mechanism used in the Nano-roughening process. Main ions and radicals which have effect are shown.
Nano-roughening process including (B-1) Etching sequence and (B-2) passivation sequence.

used a MTT (3-(4, 5-dim ethyl thiazol-2-yl)-2, 5-diphenyl tetrazolium
bromide) assay. The surface of the device has been sterilized by auto-
clave before cell seeding process. The cells were attached on SiNR
surface and after 24hr they were removed from the substrate by trypsin
and the culture media was added to the cell solution. Subsequently, the
cells were placed in the sterile 96-well microplates with the same
concentration and the MTT protocol was applied on each well. This
assay verifies the viability of the cells based on colorimetric measure-
ment. The reduction of yellow tetrazole to purple formazan is related to
the ratio of remained live cells. In this regard, 10 pl of MTT solution
with the concentration of 5mg/ul was added to each well and they
were incubated for 4hr in 5% CO, ambient in 37 °C. Next, the float
materials were removed from the surface of the wells and 100 pl of
dimethylsulfoxiede was added to each well. After 20 min shaking of the

plate (in order to solve the formazan), the optical absorption of each
cell contained well was calculated at 493 nm by microplate reader
system. The percentage of viable cells versus the control well and slope
variation versus absorption diagram was indicated [18].

2.5. Annexin-V/PI

Apoptosis percentage was detected by Annexin V-FITC Apoptosis
Detection Kit (abl14085, Abcam, Cambridge, UK). After culturing
MCF10A, MCF7 and MDA-MB468 cell lines with different pH media
(pH 6.5, 5.5), cells were trypsinized and collected by centrifugation and
resuspended in 500l of binding buffer. In the next step, 5uL of
Annexin V-FITC and 5 pL of Propidium Iodide (PI 50 ug/ml) were added
to the cells and after incubation in room temperature for 5 min dark, the
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Fig. 2. Characterization of the electrochemical biosensor. (A) Schematic of the electrochemical sensor. (B-1 to B-3) AFM image of the Nano-roughened surface. (C)
SEM image of the Nano-roughened work. (D) Simulation of the electrical field enhancement by Nano tips and finite element method. (D-1, 2) Logarithm of the
electrical field for Nano-roughened surface and electrical field in the vector distribution in Nano pillars surface. (D-3) Electrical field distribution in planar surface.

fluorescent intensity was measured by the flowcytometery (FACScan
Becton Dickinson, Mountain View, CA).

2.6. Apoptosis and flowcytometery analysis of cell cycle

For cell cycle investigation by flowcytometery, cells were washed in
PBS and fixed in 70% methanol. Cells were then incubated with 20 pg/
ml PI (Roche Diagnostics), and 10 ug/ml RNase (Sigma-Aldrich) at
37 °C for 30 min and cell cycle analysis was performed using an EPICS
Profile II flow cytometer (Coulter Corp., Miami, FL) with the Multicycle
Phoenix Flow Systems program (San Diego, California).

2.7. Detection of intracellular reactive oxygen species (ROS) levels

Intracellular ROS were spotted using an oxidation-sensitive fluor-
escent probe dye, 2, 7-dichlorodihydro fluorescein diacetate (DCFD).
Concisely, 1 x 10° cells were incubated in a 60 mm culture dish. The
cells were then washed in PBS and incubated for 30 min at 37 °C with
PBS containing 20 uM DCFD. The samples were analyzed using a
FACScan flowcytometer [19].

2.8. Nitrite (NO,~) detection

For evaluation of the amount of NO release, we utilized Griess re-
agent under acidic conditions to record the accumulated nitrite (NO, ),
which is a stable breakdown product of NO. During the assay, medium
aliquots were mixed with equal volumes of Griess reagent and in-
cubated at room temperature for 15 min. To analyze the azo dye pro-
duction, a spectrophotometer with absorbance set at 490 nm was used.
Sodium nitrite was used as a standard [20].

2.9. Measurement of the mitochondrial membrane potential (MMP)

MMP was assessed by applying rhodamine 123 as a fluorescent dye
(Ex/Em = 485/535 nm). After treatment, the cells were trypsinized and

suspended in 1 ml PBS. Next, 3ml of 1 mg/ml rhodamine 123 was
added to cell suspension and incubated for 10 min at 25 °C. The cells
were then washed twice with PBS and were observed with a fluores-
cence microscope (Zeiss, Germany) at 200 magnifications. Also, MMP
was measured using a FACStar flow cytometer as previously described.
In brief, 1 x 10° cells in a 60 mm culture dish were incubated and then
were washed twice with PBS and incubated with rhodamine 123
(0.1 mg/ml) at 37 °C for 30 min. The absence of rhodamine 123 from
cells showed the loss of MMP in the cells.

2.10. SEM methodology

To prepare samples for SEM, after electrical measurement and
washing thoroughly by PBS, the cells were fixed with glutaraldehyde
(5%) solution for 5 min followed by drying in the air ambient. The fixed
samples were coated by Au (in DC Sputtering system) with the height of
10 nm to increase resolution.

3. Results and discussion
3.1. Characterization of Si nano-roughened surface

The applied SiNR substrate in our biosensor, leading to increase of
the active electrical interface between the cultured cells and the sensor
(Fig. 2 A), was morphologically characterized by atomic force micro-
scopy (Fig. 2 B) and field emission scanning electron microscopy (Fig. 2
C). Our results revealed that Nano-roughening increased the roughness
of the surface to about 120 nm providing an enhanced interface with
the cellular media to better track any ion exchange regarding the bio-
logical processes. This high resolution ion exchange tracing could
subsequently provide us with an enhanced sensitivity to detect a minor
produced electrical current, which in turn results in an electrochemical
response of the sensor (Fig. 2).

As shown in Fig. 2D, simulation based on analytical software de-
monstrates the electric field enhancement in the biased SiNR substrate
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Fig. 3. Cyclic voltammetry (CV) responses of MCF10A, MCF7 and MDA-MB468 cells cultured on Nano-roughened sensors after 4hr of incubating in acidic media (pH
6.5 and 5.5) compared to normal ambient (pH 7.4). The culture medium of the cells was renewed after 4hr and the current measurements were carried out in time
intervals of 4hr-24hr. (A-1) CV signals in MCF10 cells in normal pH. (A-2) Semi reversible anodic/cathodic peaks in MCF10 cells in pH 6.5. (A-3) Sharper peaks in
MCF10 cells in pH 5.5 which means that an ionic electrochemical reaction proceeded in the acidic media and got progressed in the lower pH. (B-1) CV signal for the
MCF7 cells in the normal pH. (B-2 and B-3) Recorded current measurements for MCF7 cell line in pH 6.5 and 5.5 shows a detectable trace of peaks at T20. (C-1) CV
signal for the MDA-MB468 cells in the normal pH. (C-2, C-3) Recorded measurements for MDA-MB468 cell line in pH 6.5 and 5.5.

with respect to the planar smooth Si surface. The results obtained from
finite element simulation showed that the electrical field for Nano-
roughened surface is about four times greater than that of the planar
surface (Fig. 2 D1 vs. D3).

Our results suggest for the first time a quick and simple fabrication
method for a high resolution biosensor using electrochemical approach.

3.2. Response of the sensor in the presence of cancer cells

The SiNRs were settled in the culture dishes and then the trypsi-
nized cells were seeded on the SiNR work electrodes and incubated in
normal media (pH 7.4) for 4hr for them to completely adhere to the
electrode. Following addition of two acidic media with pH 5.5 and 6.5
to the adhered cells on the sensor, cyclic voltammetry (CV) and dif-
ferential pulse voltammetry (DPV) signals were extracted at time in-
tervals of 12 and 24hr. The ionic culture media RPMI1640 (enriched

10% FBS) was employed for the culture of cancer cells. Therefore, the
base electrochemical response of this media must be considered in all of
the analyses. Previously, we have shown that the electrochemical re-
sponse of RPMI media appeared at 200 mV [15,17]. The extracted CV
signal from the acidified normal cells (MCF10A) exhibited an increase
in the oxidation/reduction peak and in the electrical current compared
to that of untreated control cells (Fig. 3 A). It is worth to mention that
breast cancer cells, MCF7 behave similar to the normal breast cells
(MCF10A) (Fig. 3 B), but with a lower slope. However, the CV profile of
MDA-MB468 metastatic cells at pH 6.5 displayed a similar behavior to
that of the control, whereas the presence of an oxidation/reduction
peak at pH 5.5 could not be neglected (Fig. 3 C). The reason that there is
no anodic/cathodic peak in all of the untreated control cells (Fig. 3 Al,
B1, C1) is that the compact monolayer of the attached cells on the work
electrode does not allow the current flow to happen and as a result, the
current blocking occurs. Thus the increment of the electrochemical
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Fig. 3. (continued)

response peak observed in the MCF10A and MCF7 in the acidified
media implies that the cells undergone apoptosis and were detached
from the work electrode; as a result, the electrode can detect the whole
or a part of the RPMI culture media and the CV profile gets similar to
that of RPMI solution (Fig. 3 A2-3, B2-3). The intensity of the oxida-
tion/reduction peaks can be correlated to the percentage of apoptosis
and maintenance of cell viability as confirmed by all the biological
assays (Figs. 7 and 8). Therefore, the lack of electrochemical peaks in
the metastatic MDA-MB468 cells in pH 6.5 and pH 5.5 (T0-T8) is equal
to their resistance to apoptosis (Fig. 3 C2, 7 B2, 7 D2, 8 B2), yet longer
treatments in pH 5.5 would lead to peak emergence and apoptosis in-
itiation (Fig. 3 C3).

In line with our results, it is reported formerly that in the acidified
media, normal cells try to maintain their viability, but augmentation of
the H" ion triggers acidosis and would result in the apoptosis induction
[21]. Nonetheless, cancer cells depending on their metastatic grades
tend to electrically maintain their intercellular space more positive in
order to conserve their membrane depolarization and to precede the
mitosis process. Membrane depolarization is a phenomenon in which
proliferating cells regarding their invasiveness tend to maintain their
intercellular ambient more positive with exchanging of Na* and Cl~

ions [22-24].

Given the above report and considering our data we suggest that
induction of extracellular acidic media along with employing Nano
structured and bio-compatible electrode could trace the activated ion
exchange (Fig. 4 A). On the other hand, facilitated diffusion due to
membrane depolarization would result in increasing the activity of BT
(HCOs ™) and NBC (Na* /HCO; ™) transporters followed by the entrance
of Na™ and exit of C1~ into and out of the cell, respectively [25]. Im-
portantly, it has been reported that non desired entrance of HCO3 ™~ into
the cancer cells (Fig. 4 B1) is a phenotype related evidence in which
HCO3  reacts with the produced H" leading to the production of H20
and CO2, which interestingly can neutralize the aberrant effect of the
intercellular H™ ion [25]. Consequently, no H™ might remain in the
MDA-MB468 cells at pH 6.5, which results in the similarity of the CV
signals obtained from this cell line at pH 6.5 and 7.4, suggesting that
these cells could recapitulate their viability at pH 6.5 (Fig. 3 C2). It is
worth mentioning that as the result of H* over production at pH 5.5, a
trace of electrochemical peak could be recorded from the acidified
MDA-MB468 cells (Fig. 3 C3). As expected, the intensity of such peaks
in these cells was lower compared to those of observed in acidified
MCF?7 cells due to the lower internal HCO3™ concentration as the H"
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sharper in normal cells and become lower in the progressive cancer cells.

neutralizer agent [24]. Small peak observed in CV profile of MCF7 cells
at pH 6.5 indicating an elevation in the oxidation/reduction peak which
implies that a small amount of released H* could be detected in the
media of these cells due to the lower concentration of the entered
HCO3 and their less invasive feature (Fig. 3 B2) [26].

To confirm our hypothesis that apoptosis was induced in this pro-
cess, a complete set of biological assays including Annexin/PI (Fig. 7 A,
B), cell cycle (Fig. 7 C, D), MMP (Fig. 8 A, B), NO, (Fig. 8 C1) and ROS

(Fig. 8 C2) were carried out.

To further verify our results obtained by CV, we also performed
differential pulse voltammetry (DPV) as an alternative approach for CV
[27] by removing the common mode (baseline current) in the CV signal
in order to observe the complete alterations of current (Fig. 5). Con-
sistent with our previous data, these findings implied that acidosis state
can be activated in normal breast (MCF10) cells in the acidic media
leading to an enhanced electrochemical peak (Fig. 5 A); while the
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2,A-3). Invasice breast cancer cell (MDA-MB468) in the low acidic media in contrast of High acidic media (pH5.5) resisted to enter in apoptotic states and kept their

viable features. (B-2, B-3). The results are expressed as mean =+

intensity of the peaks was diminished in breast cancer cells regarding
their invasive stage (Fig. 5 B, C). Interestingly, DPV profile for MDA-
MB468 cells showed a similar behavior in both normal and lower acidic
ambient.

Fig. 6 presented the detection limit profiles of SiINR-based biosensor
experimented for two types of assayed breast cancer cells. The pH de-
pendent distinguished response of deice was recordable in 12th hr (T8)
in which the slope of the sensitivity profile became changed in acidic
pH for all type of the cells.

Fig. 6 revealed the differential changes in blocking current by cells
(AI/10) related to time. Due to different in ion-exchange features of
cells, (AL/10) is directly related to Ainterchangeable ion followed by
sensor and based on Fig. 5 B,C in every time. The slope of equation in
every sample revealed the ratio of current blocking and in the simple
present ratio of cell's proliferation. MDA-MB 468 in the low acidic
media (pH 6.5) has positive and low slope (0.4228) which is revealed
the behavior of cells in this condition is similar to primary condition.
Also we tested about 50000 cells in each assay but the dynamic range of
the sensor could be increased to about 100000 cells in which the surface
of the device got saturated. Hence, due to the mitotic rate of cancer

SEM (N = 3), *p < 0.001 and p < 0.01 compared to the TO group.

cells, pre concentration of about 50000 and monitoring the responses
for 48hr could resulted in non-saturated and desired achievements on
effect of the pH.

3.3. Effect of acidic extracellular media on ANPI, cell cycling,
mitochondrial membrane potential (MMP), NO, production and
intracellular ROS level

The ANPI results of MCF7 cells (Fig. 7 A1) revealed the meaningful
reduction in the fraction of live cells after maintaining in pH6.5 and
pH5.5. (Fig. 7 A2 vs. 7 A3). But the behavior of MDA-MB468 in the
same acidic culturing media was differ in low pH media from MCF7
cells. ANPI result revealed that MDA-MB468 survived in lower pH.

The cell cycle analysis revealed that MCF7 in acidic media de-
pending on pH the fraction of apoptosis has been increased and the cells
could not maintain live function (Fig. 7 C). Also MDA-MB468 cells
survived in low pH (6.5) and presented very minor decrease in the
population of live cells (Fig. 7 D2).

We also measured the effect of acidic extracellular media on MMP
as a main mitochondrial factor that controls the cellular processes. In
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MB468 in the same condition (C-1). Intracellular radicals ONO— and OH— had different pathway due to their metastatic properties (C-2).

fact, MMP reduction would lead to the initiation of apoptosis and the
absence of Rhoda minel23 from the cells indicates the loss of MMP
(Fig. 8 A, B). It is observable that incubating the cells in acidic media
decreased the level of MMP in both MCF7 and MDA-MB468 but such
reduction was more noticeable in MCF7 cells (Fig. 8 A2, A3 vs. 8 B2,
B3).

Griess reagent was applied to study the effect of pH treatment on
NO, production in the breast cancer cell lines. Our observation re-
vealed that over production of NO, was more significant in MCF7 cells
(1.3 £ 0.2, fold compared to the control). In confirmation with our
previous results, at pH 6.5, no major NO,~ over production was ob-
served in MDA-MB468 cell line (Fig. 8 C1).

Similar to NO5 assay, ROS analysis demonstrated that the treatment
of MCF7 cells in both acidic pH increased the intracellular ROS levels.
Also, the increment in the level of ROS was milder in acidified MDA-
MB468 cells (Fig. 8 C2).

4. Conclusion

Our results provide the evidence for the first time that the oxida-
tion/reduction peaks recorded by electrochemical SiNR biosensor in the

breast cells cultured in an acidified medium, are directly associated
with the metastatic phenotypes of the cells. Normal cells, incubated in
the acidic pH, revealed the extensive electrochemical peaks, whereas
these peaks were reduced in the malignant breast cells. To underlie the
related mechanism, we suggested that in the acidified media, breast
cancer cells try to maintain their viability and acquire resistance to
apoptosis, regarding their metastatic stage, by neutralizing the in-
tracellular H* as a subsequent activation of BT and NBC transporters as
well as HCO3™ production. The method developed in this study would
open a new avenue in the label-free detection of cancer cells based on
the medium properties including pH.
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