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a b s t r a c t

ZnO/graphene (ZnO/G) composite and S6 aptamer were employed to sensitive photoelectrochemical
(PEC) strategy for the specific detection of SK-BR-3 cancer cells based on a portable indium tin oxide
microdevice. ZnO/G composite was synthesized using a facile ultrasonic method, and then applied to
improve the PEC performance due to the unique hollow structure of ZnO naospheres and the superior
properties of graphene. Subsequently, S6 aptamer was applied to this specific detection of SK-BR-3 cancer
cells. And the concentration of SK-BR-3 cells was measured with a low detection limit of 58 cells mL�1

and a wide linear range of 1�102�1�106 cells mL�1, through the decrease in photocurrent intensity
resulting from the increase in steric hindrances when specifically recognized with S6 aptamers. Excellent
discrimination against target and analogous cells was demonstrated, indicating the high selectivity of the
proposed cell sensor. Our work also demonstrated a sensitive, stable and low cytotoxicity approach for
early and accurate detection of cancer cells.

& 2013 Elsevier B.V. All rights reserved.

1. Introduction

Cancer and its metastasis with malignant cancer cells spreading
to distant sites is a leading cause of mortality and despite advances
in early detection and treatment, patients continue to suffer from
the disease (Krishnamurthy et al., 2010; Pantel et al., 2008). Rapid
selective detection of cancer cells is an important challenge for the
diagnosis and treatment of tumors (Faenza et al., 2012; Nam et al.,
2009). Target cell-specific aptamers have the potential to serve as
molecular probes for specific recognition of the cancerous cells
from complex mixtures (King et al., 2009; Chen et al., 2009a,
2009b). A well-characterized breast cancer cell line, SK-BR-3,
which overexpresses the epithermal growth factor receptor
HER2/c-erb-2/Neu (HER2) on the cell surface, has been used to
demonstrate the ultrasensitive detection capability. And S6 RNA
aptamer showed strong affinity to SK-BR-3, but not to MCF-7, HER-
2-underexpressing cancer cell line, so it was selected to specifically
recognize the SK-BR-3 cell.

Some recent works in fluorescent imaging for cancer detection
have been reported (Yang et al., 2010a, 2011, 2012; Zhang et al.,

2011; Hu et al., 2012; Robinson et al., 2011; Markovic et al., 2011;
Akhavan et al., 2012a; Akhavan and Ghaderia, 2013), but they do
have some disadvantages, such as high price and complex opera-
tion. As a photo-voltaic conversion method, photoelectrochemical
(PEC) detection represents a newly emerged but dynamically
developing analysis technique (Zhao et al., 2012; Li et al., 2012),
which has attracted substantial research scrutiny for its desirable
sensitivity and hence better analytical performances. In bioassay,
taking advantage of the photoactive transducers, the PEC bioassay
system converts the specific biorecognition events into the photo-
current signal, providing an elegant route for probing various
biorecognition reactions. And, to further improve the PEC detec-
tion sensitivity, composites have been researched recently.

ZnO has been researched intensively as practically applicable
materials in photocatalysis and photovoltaic cells, because of its
suitable band gaps, stability against photocorrosion, high photo-
electric and photocatalytic activities (Meng et al., 2013; Zhang
et al., 2008). However, the quick recombination of photogenerated
charge carriers has significantly decreased the photocatalytic
performance of ZnO in aqueous solution. Currently a particularly
attractive option is to design and develop hybrid materials based
on ZnO to solve this problem (Cho et al., 2010; Zhang et al., 2009).
As we all know, graphene shows excellent ability in electroche-
mical sensing of biomaterials (Akhavan et al., 2012b). And in the
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photocatalysis process, graphene can act as an excellent electron-
acceptor/transport material to effectively facilitate the migration
of photoinduced electrons and hinder the charge recombination in
the electron-transfer processes due to the electronic interaction
between ZnO and graphene (Tian et al., 2012; Akhavan (2011)).
Despite numerous methods have been developed for the synthesis
of ZnO/G hybrid materials to date (Kavitha et al., 2012; Wu et al.,
2012; Liu et al., 2011), the exploration on ZnO/G composite is not
nearly enough so far. In this work, the synthesis of ZnO/G
composite was carried out through a pre-processed stock solution
and a facile ultrasonication process. And the prepared ZnO/G
composite exhibited an improved photocurrent performance,
due to the unique hollow structure of ZnO naospheres and the
superior properties of graphene.

Recently indium tin oxide (ITO) based devices is introduced for
PEC application due to their low-cost and ease of use (Shen et al.,
2011). And screen printed electrodes (SPEs)-based devices
(Metters et al., 2011) are applied as promising technology for
conventional commercial three-electrode system because of their
portability and low consumption of reagents/samples. Inspired by
Stefano et al. (Stefano et al., 2007) and Chen et al. (Chen et al.,
2009a, 2009b), herein we fabricated an ITO-based SPEs device
with acid etch treatment for PEC application.

Herein, we described the construction of a competitive PEC
biosensor for precise counting of SK-BR-3 cancer cells based on a
portable ITO three-electrode device fabricated by acid etching
with screen printed technique. ZnO/G composite was synthesized
and drop-cast onto the ITO working electrode (WE) as PEC sensing
platform to improve the PEC performance. And Au nanoparticals
(AuNPs) were electrodeposited on ZnO/G composite to immobilize
amino modified S6 aptamers. Then SK-BR-3 cancer cells were
specially recognized with S6 aptamers. As the supporting electro-
lyte for photocurrent measurements, ascorbic acid (AA) was
exploited as an efficient and nontoxic electron donor for scaven-
ging photogenerated holes under mild solution medium. And, the
PEC reactionwas triggered under the irradiation of ultraviolet light
at room temperature.

2. Methods

2.1. Synthesis of ZnO/G composite

Experimentally, 10 mL of graphene oxide (GO, detail synthesis
can be found in the supplemental material) (5 mg mL�1) was
heated to 98 1C under stirring for appropriate time to obtain a
condensed solution with 3 mL, and then cooled down to 65 1C to
produce a ropy stock solution. 1.2 g hydrated zinc acetate (Zn
(Ac)2 �2H2O) was added to 25 mL dimethyl sulfoxide (DMSO)
under stirring, and heated to 50 1C. Then the stock solution was
added to the above Zn(Ac)2 solution. Subsquently, ultrasonication
was performed on the mixture by an ultrasonic apparatus (Sonics:
VCX-900 W, 50% amplitude) for 30 min (15 s on and 5 s off).

2.2. Fabrication of PEC biosensor for cancer cells

The fabrication procedure of the PEC biosensor for SK-BR-3
breast cancer cells was illustrated in Scheme 1. ITO devices (the
fabrication process of the ITO device can be seen in supplemental
material) were sonicated in acetone, ethanol, and water for 15 min
each. Then, 0.4 g of ZnO/G powder was dispersed ultrasonically in
10 mL of water, and 10 uL of the resulting colloidal dispersion
(0.04 g mL�1) was drop-cast onto ITO working electrode (WE)
with a diameter. After drying in air, the film was sintered at 450 1C
for 30 min in air to improve the contact between the film and the
substrate. It was then naturally cooled to room temperature. The
ZnO/G composite coated ITO WE was referred as a ZnO/G/ITO
electrode. Then, AuNPs were electrodeposited on the ZnO/G/ITO
electrode surface by droppinging 10 mL 1% chloroauric acid
(HAuCl4 �4H2O) on the electrode and exerting the potential of
�0.2 V for 30 s to obtain AuNPs dotted ZnO/G/ITO electrode,
followed by washing with pH 7.4 PBS. After that, 10 mL 10�6 M
animo modified S6 aptamers were dropped on the electrode for
1 h to bond with AuNPs, followed by dropping 1% bovine serum
albumin (BSA) to block the uncovered electrode surface.

Scheme 1. Schematic representation of the fabrication of the PEC cell sensor based on S6 aptamers-AuNPs dotted ZnO/G modified ITO WE.
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2.3. PEC measurement

After washing with water, 10 mL of PBS containing different
numbers of SK-BR-3 cancer cells were dropped on the modified
ITO WE to hybridize with S6 aptamers at 37 1C for 50 min, and
then washed with PBS. After that, 20 mL of AA (0.1 M in pH 7.4 PBS)
was added onto the electrode and the PEC measurements were
performed. PEC signals related to the cell concentrations could be
measured at an applied potential of 0 V with UV light irradiation.

3. Results and discussion

3.1. Characterization of synthesized nanomaterials

3.1.1. SEM, TEM characterization and XRD analysis
The morphologies of ZnO nanospheres, ZnO/G composites and

AuNPs dotted ZnO/G were characterized by scanning electron
microscope (SEM) (Fig. 1). The hollow structure of ZnO nanosphere
was displayed in Fig. 1A with diameter of about 300 nm. Clearly,

the stratiform graphene covered with ZnO hollow spheres was
observed, as shown in Fig. 1B. On the other hand, the stratiform
graphene can also act as a substrate for ZnO nanospheres and it
was observed that when no GO was added in the synthesis, the
large ZnO consisting of aggregated ZnO nanospheres were
obtained. The TEM image (Fig. 1C) further showed that the ZnO
nanospheres with apparent hollow structure were assembled on
the wafery graphene. From Fig. 1D, it can be seen that AuNPs were
electrodeposited on the ZnO/G modified ITO WE uniformly to
immobilize S6 aptamers.

The IR spectra of GO, ZnO and ZnO/G composite were shown in
Fig. 1E. The broad absorption peaks at 1056, 1228 and 1724 cm�1

are attributed to the characteristic stretching vibration of C–O, and
C¼O of COOH groups situated at the edges of GO sheets,
respectively. But for the ZnO/G prepared via ultrasonic reaction,
the three absorption peaks decrease dramatically in intensity. The
result indicates that the GO has been reduced to a great extent.
Furthermore, the absorption band at 500 cm�1 for the ZnO/G can
be assigned to the stretching vibration of Zn–O, which is red-shifted
of ZnO. The blue shift probably results from the coordination among

Fig. 1. SEM images of ZnO nanospheres (A), ZnO/G composites (B) and AuNPs dotted ZnO/G (D); TEM image of ZnO/G composites (C); IR spectra (E) and XRD patterns (F) of
graphene, ZnO nanospheres and ZnO/G composites.
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the residual hydroxyl, epoxy groups on the graphene sheets and
ZnO hollow spheres.

The powder X-ray diffraction (XRD) patterns of graphene, ZnO
and ZnO/G were shown in Fig. 1F. Graphene exhibited a strong
(001) diffraction peak at 10.21, a (002) peak at 261 and a (100) peak
at 44.51 (Tang et al., 2009). The XRD analysis further showed that
the main diffraction peaks of ZnO/G composite were similar to that
of pure ZnO and corresponds to wurtzite-structured ZnO (JPCDS
36-1451), which indicated that the presence of graphene did not
result in the development of new crystal orientations or changes
in preferential orientations of ZnO. No typical diffraction peaks of
carbon species were observed, which was due to the low amount
of graphene in the composite (Chen et al., 2011).

3.1.2. Raman spectra and X-ray photoelectron spectra (XPS) of ZnO/G
composite

Raman is an important tool to investigate the structure of
nanomaterials, especially for the verification of carbon materials.
As reported, the peak located at the low frequency (� 440 cm�1)
is assigned to the ZnO nonpolar optical phonons (Luo et al., 2012).
This peak shifts to lower frequency (428 cm�1) due to the
interaction of ZnO and graphene sheets. The Raman spectra
(Fig. 2A) of ZnO/G composite shows two characteristic bands:
the G band (1580 cm�1) and the D band (1350 cm�1). The peak at
2700 cm�1 associates with the 2D band. It was shown that the G
band of the single-layer graphene, located at 1585 cm�1, shifts
about 5 cm�1 into lower wavenumbers after stacking 2–6 gra-
phene layers (Ferrari et al., 2006). The 2D band of the single-layer
graphene sheets is usually observed at 2679 cm�1, while for the
multilayers (2–4 layers) it shifts to higher wavenumbers by
21 cm�1. The nearly asymmetrical shape of the peak also con-
firmed the presence of both single- and multilayer graphene
sheets in the samples (Akhavan, 2010; Calizo et al., 2007; Kudin
et al., 2008; Kim et al., 2009).

To obtain the Zn/C and O/C ratios, XPS was used in this regard.
As can be observed in Fig. 2B, we can see that the XPS spectrum of
C1s can be deconvoluted into two peaks centered at 284.7 and
288.8 eV. The peak at 284.7 eV is attributed to the sp2 carbon
atom, while the peak positioned at 288.8 eV is assigned to the
O¼C–OH species. Besides the C1s peak, the O1s peak was
obtained at 530.1 eV in Fig. 2C. And from Fig. 2D, we also find a
dramatic change of the Zn2p peaks at 1021.2 (Zn2p3/2) and
1044.3 eV (Zn2p5/2). According to the quantitative analysis of the
XPS data, the corresponding molar percentages of C, O, Zn species
were carried out, and the Zn/C and O/C ratios were obtained by
calculation of peak area. And, ratios of 28.6 and 7.9 correspond to
Zn/C and O/C, respectively.

3.1.3. Ultraviolet (UV) and photoluminescence (PL) characterization
of ZnO nanosphere and ZnO/G composite

UV–vis absorption spectra of pure ZnO and ZnO/G composite
were shown in Fig. 3A. The sharp characteristic absorption peak at
363 nm indicated the presence of good crystalline and impurity
suppressed ZnO nanostructures. The presence of graphene
induced an obvious increasement for light absorption intensity,
which may be due to an increase of the surface electric charge of
the oxides in the ZnO/G composite and modification of the
fundamental process of electron–hole pair formation during
irradiation (Xu et al., 2011). Additionally a red shift in the
absorption peak (from 363 nm to 367 nm) was observed when
GO was added to form the ZnO/G composite, which was ascribed
to the chemical bonding between the semiconductor photocatalyst
and graphene. This was similar to the result in the case of TiO2-
graphene composite materials (Zhang et al., 2010a, 2010b). ZnO/G
composite was exposed to UV irradiation produced by a 500 W
high pressure Hg lamp with the main wave crest at 365 nm, so
ZnO/G could be irradiated well to produce PEC signal with an
absorption peak at 367 nm. PL spectra of ZnO naospheres and ZnO/G
composite were reported in Fig. 3B. ZnO nanospheres showed a

Fig. 2. Raman spectra of ZnO/G (A); XPS spectra of ZnO/G: C1s (B); O1s (C); Zn2p (D).
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weak emission at 570 nm, whereas ZnO/G composite showed a
relatively intense emission centered at 595 nm. The emission band
shift in the PL spectrum could be attributed to the interaction
between ZnO and graphene. As a conclusion, the UV–vis absorp-
tion spectra and PL spectra both indicated the successful prepara-
tion of ZnO/G composite.

3.2. Possible mechanism for the PEC performance enhancement of
the ZnO/G composite

Fig. 3C showed the photocurrent responses for different nano-
particals. The photocurrent of hollow ZnO nanospheres exhibited
a great enhancement compared with cubic ZnO (see Fig. 2S,
in supplemental material) due to the unique hollow structure with
larger specific surface area (Kato et al., 2012). The photocurrent
of ZnO/G composite showed twice the intensity than that of pure
ZnO, which can be explained as follows. On one hand, the presence
of graphene in ZnO increases the light absorption intensity,
which resulted in the enhancement for the photocatalytic perfor-
mance. On the other hand, the photogenerated electrons would
transfer from the conduction band of ZnO to graphene, and the
graphene could serve as an acceptor of electrons and suppress
charge recombination effectively, resulting in higher photocurrent
density.

Another mechanism responsible for the photocatalytic perfor-
mance is the stepwise structure of energy levels constructed in the
ZnO/G composite, as shown in Fig. 3D. The conduction band of
ZnO is �4.05 eV (vs. vacuum) and valence band is �7.25 eV (vs.
vacuum) (Li and Cao, 2011). The work function of graphene is
�4.42 eV (Yang et al., 2010b). On the basis of the relevant band
positions of ZnO and graphene, the photogenerated electrons
would easily transfer from the conduction band of ZnO to
graphene, thus improving the PEC performance. Then the electron
transfered to the ITO electrode and the hole could be captured by

an electron donor (or hole scavenger) presented in AA solution,
resulting the generation of photocurrent.

3.3. Electrochemical impedance spectra (EIS) characterization of the
PEC biosensor

As an effective tool for characterizing the interface properties of
electrodes, EIS was applied to probe the biosensor fabrication
process using K3Fe(CN)6/K4Fe(CN)6 as a redox probe. Fig. 4A
displayed the Nyquist diagrams of each electrode involving differ-
ent construction step of the PEC biosensor. The probe showed a
low electron-transfer resistance (Ret) at a bare ITO electrode (curve
a). After ZnO/G was drop-cast onto the surface of ITO WE, Ret
decreased to a large extent (curve b), because ZnO is a good
electron acceptor with high electron mobility (Chou et al., 2007)
and graphene could greatly facilitate the electron transfer. Subse-
quently, AuNPs and S6 aptamers (curve c) were modified on the
surface of ZnO/G, resulting in the increase of Ret. Then, BSA (curve d)
and SK-BR-3 breast cancer cells (curve e) were constructed step by
step, and the Ret of each related electrode increased correspondingly.
The elevating hindrance effect and insulating effect introduced by
biological materials suggested successful stepwise fabrication of the
proposed biosensor.

The fabrication of the cell sensor could also be monitored by
PEC experiments and was shown in Fig. 4B. The bared ITO
electrode showed nearly zero photocurrent (curve a). After ZnO/G
was drop-cast onto a bare ITO WE surface, the photocurrent
intensity increased significantly (curve b). This demonstrated that
ZnO/G composite was a great choice for the construction of a PEC
biosensor, due to its cooperative effect for the enhancement of
the PEC performance. Subsequently, the photocurrent intensity
decreased after immobilization of AuNPs and S6 aptamers (curve c).
After BSA (curve d) and SK-BR-3 breast cancer cells (curve e) were
immobilized, the photocurrent signal decreased gradually. This

Fig. 3. UV–vis absorption spectra (A) and PL spectra (B) of the ZnO nanosphere and ZnO/G composite; photocurrent responses of ZnO and ZnO/G modified ITO WE (C);
photocurrent generation mechanism of ZnO/G (D), CB, VB and φ are the conduction band, valence band, and work function, respectively. UV-light illumination: λ¼365 nm;
electrolyte: 0.1 M AA aqueous solution; electrode potential of 0 V.
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could be explained by the fact that the immobilization of these
organic materials on the ITO electrode increased the barrier for the
diffusion of AA to the surface of ZnO nanospheres, which would
induce the decrease of the photocurrent.

3.4. Sensitive PEC detection of SK-BR-3 breast cancer cells

Fig. 4C showed the PEC intensity of the cell sensor in the
absence (a: I0) and presence (b–f: I) of different concentrations of
SK-BR-3 cancer cells. The photocurrent–time curve clearly illu-
strated the rapid response of the modified electrode to different
concentrations of target cells at an applied potential of 0 V with
UV light irradiation. From Fig. 4C, it was observed that the PEC
intensity decreased gradually with increasing cell concentrations.
The reason was that the specific binding of target cells could
insulate the conductive support and perturb the interfacial elec-
tron transfer and thus decrease the PEC intensity, which suggested
that the SK-BR-3 cancer cell concentration could be determined by
the PEC measurement of this biosensor.

Under the optimized experimental conditions (see in supplemen-
tal material), we explored the quantitative range of the proposed PEC
biosensor. The cell sensors were incubated with different concentra-
tions of SK-BR-3 cancer cells. As expected, the ΔI (I0–I) increased with
the increasing concentration of SK-BR-3 cancer cells (Fig. 4D) and the
ΔI was linear with the logarithm of cell concentrations in the range
of 1�102–1�106 cells mL�1. The regression equation was ΔI¼�
18.17þ10.94 lg (cSK-BR-3, cells mL�1), with a correlation coefficient of
0.9972 and a detection limit of 58 cells mL�1 (S/N¼3). The proposed
PEC biosensor exhibited a low detection limit and awide linear range
for cancer cells compared with other methods (Table S1). The
improvement of the sensitivity of PEC was attributed to the good

performance of the ITO microdevice and the ZnO/G composite, as
well as the strong affinity for S6 aptamer to SK-BR-3 cell.

3.5. Specificity, stability, and cytotoxicity of the cell-based biosensor

Usually, nonspecific adsorption is a major problem in label-free
biosensing, since it cannot be distinguished from specific adsorp-
tion. To confirm that the observed photocurrent changes arised
from specific interaction between the S6 aptamers and the SK-BR-
3 breast cancer cells, controllable experiments were performed.
MCF-7 breast cancer cell was analogous to the target cancer cell,
so it was selected as the contrastive cell. Fig. 5A and B showed
photographs of SK-BR-3 and MCF-7 cancer cells, respectively. The
photocurrent responses of BSA-blocked photoelectrodes in the
presence of a PBS solution containing SK-BR-3 cells or MCF-7 cells
with different cell concentrations were shown in Fig. 5C. As can be
observed, the photocurrent apparently decreased with the increas-
ing concentration of SK-BR-3 cancer cell, but produced no notice-
able change with the increasing concentration of MCF-7 cancer
cells vs. blank solution without cells (I0). This suggested that this
new cancer cell detection method was highly specific to SK-BR-3
cell. The excellent specificity was due to that S6 aptamer showed
strong affinity to SK-BR-3, HER-2-high expressing cancer cell line,
but not to MCF-7, HER-2-low expressing cancer cell line, so MCF-7
cell could be easily washed away.

The stability is a vital parameter in the performance of the
prepared cell sensor. As shown in Fig. 5D, after the cell sensors
were stored in a dry environment at 4 1C for two weeks, the
photocurrent value declined 4.65% and 4.10% of the initial
response for the prepared biosensor at target cell concentrations
of 1�103 cells mL�1 and 1�104 cells mL�1, respectively. The
inset in Fig. 5D is the PEC signal-time curve under on and off

Fig. 4. Nyquist plots of EIS (A) and corresponding photocurrent responses of the modified ITO electrode (B); photocurrent signals of this cell sensor incubated with different
concentrations (cells mL�1) of SK-BR-3 cell (a: 0, b: 1�102, c: 3�102, d: 1�103, e: 3�105, f: 1�106) (C); relationship between ΔI (I0–I) and SK-BR-3 cells concentration,
each point is the average of five measurements (Inset: logarithmic calibration curve for SK-BR-3 cells) (D).
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of ultraviolet light irradiation for 10 times. As can be observed,
PEC signal declined little. These indicated that the cancer cell sensor
had quite acceptable stability, which can be attributed to the
excellent stability of ZnO/G composites and ITO microelectrode,
and strong interactions between the cells and S6 aptamers modified
electrode.

To provide the information on the cytotoxicity of the cell-based
sensor, we chose to assess SK-BR-3 cells through optical imaging
using calcein as cell stain to characterize the cell viability. SK-BR-3
cells were placed inside a 12-well plate and when cultured for two
days, cancer cells were digested by pancreatic enzymes. Subse-
quently, SK-BR-3 cells were incubated with two fabricated PEC
platforms (S6 aptamers-AuNPs dotted ZnO/G modified ITO WEs)
for 1 h and 4 h, respectively. Then, SK-BR-3 cells were incubated
with calcein solution at 37 1C for 20 min. Fig. 5E and F showed
fluorescent micrographs of SK-BR-3 cells and cells having been
incubated on modified electrode for 1 h (E) and 4 h (F), respec-
tively. As can be observed, as the incubation time increased, the
number of captured cells increased (the green fluorescence indi-
cates viable cells). This result demonstrated that the proposed cell
sensor showed no obviously diminishing of the cell viability. The
low cytotoxicity of AuNPs dotted ZnO/G composite was related to

the properties of the chemically inert, low-cytotoxic raw material
(Akhavan et al., 2012c; Mao et al., 2013), which did not release any
toxic species.

4. Conclusions

In conclusion, ZnO/G composite and S6 aptamer were applied
to the sensitive PEC detection of SK-BR-3 cancer cells based on a
disposable ITO microdevice. The proposed cell sensor showed
several significant advantages. First, ZnO/G composite was used
to trigger and improve PEC performance, due to the high photo-
electric activity of ZnO hollow nanospheres and superior charge
transportation and separation of graphene. Second, the high
specificity of S6 aptamers to target SK-BR-3 cells and the biobar-
code technique to avoid cross-reaction were used in the assays,
which much favored for the improvement of selectivity and
sensitivity. Third, in this approach, ITO-based SPEs device with
low-cost acid etch treatment, showed excellent stability for PEC
application. These features, as well as excellent biocompatibility,
make it a promising candidate for the early and accurate detection
of cancer cells.

Fig. 5. Photographs of SK-BR-3 (A) and MCF-7 (B) cancer cells; specificity of the cell-based sensor (C); comparison of PEC signals for the first prepared cell sensor (a) and two
weeks later (b) recognized with a series of target SK-BR-3 cancer cells for 1�103 cells mL�1 and 1�104 cells mL�1, respectively (the inset was the stabilization of PEC signal
of 1�103 cells mL�1 target SK-Br-3 cells) (D); fluorescent micrographs of SK-BR-3 cells having been incubated with fabricated PEC platforms for 1 h (E) and 4 h (F).
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