
Lab on a Chip

PAPER

Cite this: Lab Chip, 2018, 18, 335

Received 16th October 2017,
Accepted 6th December 2017

DOI: 10.1039/c7lc01117b

rsc.li/loc

Electrochemical biosensor for cancer cell
detection based on a surface 3D micro-array†
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The detection of rare circulating tumour cells (CTCs) in patients' blood is crucial for the early diagnosis of

cancer, highly precise cancer therapy and monitoring therapeutic outcomes in real time. In this study we

have developed an efficient strategy to capture and detect CTCs from the blood of cancer patients using a

benzoboric acid modified gold-plated polymeric substrate with a regular 3D surface array. Compared with

the smooth substrate, the substrate with the surface 3D microarrays exhibited a higher capture efficiency,

i.e. 3.8 times that afforded by the smooth substrate. Additionally, due to the reversible reaction between

the benzoboric acid on the 3D microarray and the sialic acid on CTCs, our strategy allowed for easy de-

tachment of the captured CTCs from the substrate without causing critical damage to the cells. This will

be of benefit for gaining further access to these rare cells for downstream characterization. The proposed

strategy provides several advantages, including enhanced capture efficiency, high sensitivity, low cost and

recovery of isolated CTCs, and could become a promising platform for early stage diagnosis of cancer.

Introduction

Cancer is one of the serious threats to the health of human
beings nowadays and it restricts the improvement of humans’
living quality. Along the roadmap to highly precise and per-
sonalized cancer therapy, the development of selectively
detecting, isolating and quantifying cancer biomarkers and
circulating tumour cells (CTCs) in circulation are important
ongoing areas. Early diagnosis of cancer is crucial to reduce
high lethality and patient spending, since cancer is much eas-
ier to be cured in early stages.1 Circulating tumour cells2–5

(CTCs) are one of the important indexes of cancer progression
and prognosis. CTCs have long been considered a reflection
of tumour aggressiveness because haematogenous spreading
of CTCs may not only give rise to metastases in distant or-
gans, but also be capable of self-seeding back to their original
organs.6,7 The detection of CTCs in the blood of cancer pa-
tients can be used for early diagnosis of cancers, evaluation
of cancer prognosis, real-time monitoring therapeutic out-
comes and understanding the biological mechanisms under-
lying metastasis.2–5 Therefore, it is quite urgent to develop

new methods to detect circulating tumor cells with easy oper-
ation, high efficiency and low cost. However, the isolation
and subsequent profiling of CTCs remains a challenge be-
cause: (1) the concentration of CTCs in the bone marrow or
blood is as low as one CTC in 106 to 107 white blood cells and
109 red blood cells. (2) The presence of other cellular contam-
inants, including epidermal cells, other normal epithelial
cells and circulating blood cells, may also introduce signifi-
cant interference. Therefore, CTC detection requires extremely
sensitive and specific analytical methods. In the last several
decades, numerous efforts have been made to develop a reli-
able method to detect and quantify CTCs in peripheral blood,
and various CTC analysis platforms have been developed, in-
cluding reverse transcriptase polymerase chain reaction (RT-
PCR),8–10 flow cytometry,11,12 fibre-optic array scanning tech-
nology (FAST),13,14 microfluidic systems,15–17 nanoparticle-
assisted systems18–20 and so on.21,22 The CellSearch system is
the only CTC product approved by the FDA for CTC based
cancer diagnosis in patients with breast, prostate, and meta-
static colorectal cancers, which provides prognostic value in
cancer patients.23,24 Most of these techniques still require a
pre-enrichment step to make the sensitivity reach an accept-
able level. The pre-enrichment step, for example
immunomagnetic bead enrichment, will make the operation
of the detection more complicated and increase the cost.
Moreover, CTCs captured by most techniques are nonviable
and could not be recovered for downstream
characterization.25–28 Therefore, a CTC detection platform
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which can combine an enrichment procedure with CTC detec-
tion and facilitate the recovery of the captured CTCs for sub-
sequent characterizations might allow us to overcome some
of the above-mentioned challenges.

In this study, we utilized a benzoboric acid modified gold-
plated polymeric substrate with a regular 3D surface array to
isolate and release cancer cells from all blood. Application of
this approach provided the following advantages: (a) unlike
commonly used flat surfaces modified with antibodies (such
as EpCAM) for CTC capturing, a 3D microarray was fabri-
cated on the substrate using a nanoimprinting technique.
The nanostructured substrates increased the surface area for
biomolecule binding and cancer cell adhesion,29–34 thus sig-
nificantly enhancing CTC capture efficiency. In addition,
compared with other techniques, such as corrosion, electro-
chemical deposition, and chemical vapor deposition,32 the
pattern of the 3D surface microarray fabricated using the
nanoimprinting technique was much more regular, controlla-
ble and robust, making detection more repeatable. (b) The
3D microarray was coated with gold layers which allowed the
combination of enrichment with direct detection by electro-
chemical impedance spectroscopy (EIS).35–40 (c) As shown in
Scheme 1, the gold-plated 3D microarray was then modified
by organic molecules containing a benzoboric acid group,
which can reversibly bind with the vicinal diol structure in
the sialic acid molecule exclusively overexpressed on the cyto-
membrane of cancer cells.41–43 Herein the use of the benzo-
boric acid group instead of antibodies, which are commonly
used to capture cancer cells,44,45 not only reduced the cost of

the enrichment process, but also made the platform easier to
be preserved because small organic molecules are much
cheaper and more robust than antibodies. (d) The reversible
interaction between benzoboric acid and the vicinal diol
structure in sialic acid (Scheme 1) can be readily disrupted
under mild conditions in the presence of excess sialic acid,
resulting in the release of CTCs from the surface for subse-
quent cell analysis.46,47 It was found that the proposed ap-
proach can specifically detect cancer cells in a blood sample
and its detection limit was as low as 5 cells per mL without
any pre-enrichment. Consequently, our work offers a simple,
rapid and sensitive approach for detecting, isolating, and
quantifying CTCs in blood specimens at low concentration.

Experimental
Materials and methods

The gold-plated polymeric material was provided by the Na-
tional Centre for Nanoscience and Technology of China. 11-
Mercaptoundecanoic acid (MUA) was purchased from Sigma-
Aldrich. 3-Aminophenylboronic acid (MBA), N-3-(dimethyl-
aminopropyl)-N′-ethylcarbodiimide hydrochloride (EDC),
N-hydroxysuccinimide (NHS) and inorganic salts were pur-
chased from J&K Tech. All aqueous solutions were prepared
using ultrapure water (18.2 MU, Milli-Q, Millipore). Human
whole blood was purchased from the Hospital of Harbin In-
stitute of Technology.

The surface morphology of the 3D microarray was investi-
gated using a scanning electron microscope (SEM) (Hitachi S-
4800, Japan) operating at an accelerated voltage of 10 kV. The
contact angle was measured using a Jc2000D2 contact angle
meter, Shanghai Zhongchen Digital Technic Apparatus Co.,
Ltd. X-ray photoelectron spectra (XPS) were measured using
an Escalab 205Xi X-ray photoelectron spectrometer. Electro-
chemical experiments were carried out with a three-electrode
system comprising a platinum count electrode, a Ag/AgCl ref-
erence electrode and the modified working electrode with the
surface 3D microarray. Electrochemical impedance spectro-
scopy (EIS) was performed using a Solartron 1260A Imped-
ance/Gain-phase Analyser (UK). All the impedance spectra
were recorded within the frequency range of 0.1 Hz–100 kHz
at a 0 V bias potential. The amplitude of the applied sine
wave potential in each case was 10 mV.

Fabrication of the gold-plated 3D microarray

A 3D microarray was fabricated on a polymeric substrate
using a nanoimprinting technique as shown in Scheme 1.
Firstly, a mould with the designed pattern as shown in Table
S1† was prepared by photolithography. Then the pattern was
transferred onto the polymeric substrate by the nano-
imprinting technique. A series of the 3D arrays with different
morphologies was fabricated. A 20 nm Cr layer and a 100 nm
Au layer were successively deposited on the surface of the
substrate by magnetron sputtering as shown in Scheme 1.

Scheme 1 Design of an MBA modified gold-plated polymeric sub-
strate with a regular 3D surface array for the capture, detection and
release of CTCs.
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Modification of the gold-plated 3D microarray

The benzoboric acid groups were introduced on the 3D gold-
plated microarray by the following steps. The gold-plated 3D
microarray was immersed in an ethanol solution of 10 mM
MUA for 24 h after cyclic voltammetric scanning in 0.5 M
H2SO4. Thus, MUA could bind onto the 3D array via the Au–S
interaction. The 3D array was then immersed into the activa-
tion solution (45 mM EDC and 15 mM NHS in PBS buffer)
for 1 h to activate the carboxyl groups. After rinsing with wa-
ter, the 3D array was immersed in a H2O/MeOH solution
containing 10 mM MBA for 24 h to allow the MBA to cova-
lently bind on MUA. The modified 3D microarray was stored
at −4 °C prior to use.

Cell culture

Human breast carcinoma cells (MCF-7), human lung adeno-
carcinoma cells (A549) and human umbilical vein endothelial
cells (HUVEC) were purchased from the cell library of the
Chinese Academy of Sciences. HUVEC were cultured in
DMEM medium (Thermo Scientific) supplemented with 10%
fetal bovine serum (FBS; heat-inactivated; Thermo Scientific)
and 100 μg mL−1 penicillin–streptomycin (Thermo Scientific)
in a 5% CO2 atmosphere at 37 °C. MCF-7 and A549 cells were
cultured in RPMI 1640 medium (Thermo Scientific)
supplemented with 10% fetal bovine serum (FBS; heat-
inactivated; Thermo Scientific) and 100 μg mL−1 penicillin–
streptomycin (Thermo Scientific) in a 5% CO2 atmosphere at
37 °C. After culturing for 24 h, the cells were collected and
separated from the medium by centrifugation at 800 rpm for
3 min, and were then washed twice with a sterile PBS solu-
tion (pH 7.2). The cell sediment was trypsin-dispersed to ob-
tain a homogeneous cell suspension, which was then diluted
to a suitable concentration by PBS. The cell number was de-
termined using a Petroff–Hausser cell counting chamber.

Cell capturing of the 3D microarray

The substrate with the 3D microarray was cut into 5 mm × 5
mm square pieces and immersed in the cell suspension.
Then they were stored in a 5% CO2 atmosphere at 37 °C for
15 min, 30 min, 45 min, 60 min or 90 min for capturing cells
from the suspension. The substrate with the 3D microarray
was afterwards washed by PBS three times to remove
nonspecific adsorbate. For observation, the cells captured on
the 3D array were fixed by paraformaldehyde solution and
stained with 4′6-diamidino-2-phenylindole (DAPI). The cells
absorbed on the 3D array were observed using an Olympus
fluorescence microscope.

Detection of MCF-7 in whole blood

MCF-7 cells were respectively spiked into healthy human
whole blood with cell concentrations of approximately 1 ×
105, 5 × 104, 1 × 104, 5 × 103, 1 × 103, 5 × 102, 1 × 102, 50, 10,
5, and 0 cells per mL. The 3D array was immersed in whole
blood samples containing different densities of MCF-7 cells

in a 5% CO2 atmosphere at 37 °C for 60 min. Then the 3D ar-
ray was washed with PBS five times to remove the materials
and cells physically absorbed on the 3D array. MCF-7 detec-
tion was carried out by EIS using these 3D arrays with cells
attached as the working electrode. The electrolyte for EIS is
composed of 5 mM [FeĲCN)6]

3−/4− and 5 mM PBS.

Results and discussion
Characterization of the MBA modified gold-plated polymeric
substrate with a regular 3D surface array

The benzoboric acid modified, gold-plated polymeric sub-
strate with a regular 3D surface array that we fabricated was
confirmed by SEM as shown in Fig. 1a and Fig. S1–S5.† It
could be found that 3D microarrays with different morphol-
ogies were successfully fabricated on the polymeric substrate
and exhibited good stability even after being immersed in
H2O/MeOH for 24 h (Fig. S6†). Then we followed sequential
chemical functionalization routes to modify the benzoboric
acid groups on the gold-plated 3D microarray. The gold-
plated 3D microarray was first functionalized with MUA
though a Au–thiol reaction. Then the MBA was covalently
grafted onto MUA after the MUA was activated by EDC and
NHS. The successful modification of the 3D array with MBA
was confirmed by EIS, XPS and contact angle characteriza-
tions. As shown in Fig. 1b, remarkable semicircle portions of
the different electrodes are observed, and the electron-
transfer resistance (Rct) is about 155.7 Ω for the bare gold-
plated 3D microarray. After being functionalized with MUA,
Rct of the electrode greatly increased to 748.1 Ω, because the
negatively-charged MUA molecules hindered the electron
transfer of the redox probes. However, when MBA was cova-
lently attached to the MUA-modified gold-plated 3D

Fig. 1 a) SEM images of the gold-plated 3D array. b) Nyquist plots of
the gold-plated 3D microarray before and after modification. c) Modifi-
cation of the gold-plated 3D microarray characterized by contact an-
gles. d) Characterization of S, B and N on the 3D microarray using XPS.
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microarray, Rct of the electrode slightly decreased to 507.4 Ω.
This can be attributed to the Ka value of boric acid, which is
lower than that of the carboxyl group in MUA. In the mean-
time, each step of the modification was also confirmed by
contact angle measurement. As shown in Fig. 1c, the contact
angle of the 3D array decreased from 55.0 ± 1.0° to 18.3 ±
0.5° after the modification of MUA, indicating that the MUA-
modified gold-plated 3D microarray was more hydrophilic
due to the existence of the carboxyl group. After binding
MBA, the contact angle increased back to 38.0 ± 0.7° owing
to poorer hydrophilicity of the benzoboric acid group. In ad-
dition, as shown in Fig. S7a,† the characteristic peaks of Au
(Au 4f7/2 84.0 eV and Au 4f5/2 87.7 eV), S (S2p 163.39 eV
and 164.61 eV), B (B1s 191.69 eV), and N (N1s 191.69) can
be found in the XPS of the modified 3D microarray. In the
Au 4f region, there are two gold bands 4f7/2 and 4f5/2,
which occur at 84.0 ± 0.2 eV and 87.7 ± 0.2 eV (Fig. S7b†),
respectively, corresponding to bulk evaporated gold.
Deconvolution of the sulfur (2p) spectrum reveals two dou-
blets with binding energies of 163.39 eV and 164.61 eV
(Fig. 1d). These peaks are assigned to the 2p3/2 and 2p1/2
spin–orbit split levels, which are consistent with chemisorbed
MUA molecules, indicating the presence of a metal–thiolate
bond. The spectra for the B and N regions are all consistent
with the presence of MBA molecules (Fig. 1d). The above re-
sults indicate the successful fabrication of the 3D microarray
as well.

Cell capture

To start with we verified the contribution of the benzoboric
acid film and the 3D microarray towards cell capture, using
the MCF-7 cell line. The benzoboric acid modified gold-
plated polymeric substrate with a regular 3D surface array
was compared with the smooth gold-plated polymeric sub-
strate and the benzoboric acid modified smooth gold-plated
polymeric substrate. The MCF-7 cancer cell line was soaked
in PBS to obtain a cell loading of 1 × 104 cells per mL and
was then incubated with different substrates for 60 min. After
cell capture, the substrates were rinsed with PBS and the cells
captured by the substrates were stained with DAPI and ob-
served by fluorescence microscopy. Fig. 2a shows fluores-
cence images of different substrates after capturing MCF-7
cells. It can be observed that negligible cells were captured in
the case of the smooth gold-plated polymeric substrate. How-
ever, in the case of the benzoboric acid modified smooth
gold-plated polymeric substrate and benzoboric acid modi-
fied gold-plated polymeric substrate with the regular 3D sur-
face array, we can observe that the cell capture efficiency in-
creased (Fig. 2b), which is evidenced in the images by a
greater degree of fluorescence density of the captured cells.
The SEM image in Fig. 2c shows the morphology of MCF-7
which attaches onto the benzoboric acid modified gold-
plated polymeric substrate with a regular 3D surface array.
These observations indicate that benzoboric acid groups and
the 3D structure play essential roles as a capture agent for

the specific binding of cells and as a template for benzoboric
acid grafting, respectively.

Fig. 2 Enhanced cell capture using an MBA modified gold-plated
polymeric substrate with a regular 3D surface array: a) quantification
of captured MCF-7 cells on the smooth gold-plated polymeric sub-
strate, MBA modified smooth gold-plated polymeric substrate and
MBA modified gold-plated polymeric substrate with a regular 3D sur-
face array. Scale bar is 200 μm for all images. b) The relative cell cap-
ture efficiencies for the assay corresponding to a). c) SEM image of the
captured MCF-7 cells on the MBA modified gold-plated polymeric sub-
strate with a regular 3D surface array.

Fig. 3 a) Optimization of the capture time of the flat substrate (black),
benzoboric acid modified flat substrate (red) and benzoboric acid
modified substrate with 3D microarray (blue). b) The cell capture
efficiencies of the 3D microarrays with different size (x) and depth (z).
c) The cell capture efficiencies of the intaglio printing 3D microarray
and the relief printing 3D microarray, where x = 0.5 μm and z = 0.2
μm. d) The capture efficiencies of the square 3D microarray and the
cylindrical 3D microarray, where z = 2.0 μm.

Lab on a ChipPaper

Pu
bl

is
he

d 
on

 0
6 

D
ec

em
be

r 
20

17
. D

ow
nl

oa
de

d 
by

 U
ni

ve
rs

ity
 o

f 
Su

ss
ex

 o
n 

6/
24

/2
01

8 
9:

12
:4

5 
PM

. 
View Article Online

http://dx.doi.org/10.1039/c7lc01117b


Lab Chip, 2018, 18, 335–342 | 339This journal is © The Royal Society of Chemistry 2018

Following this, we investigated the effect of incubation
time and the morphology of the 3D microarray on capture ef-
ficiency. We first investigated the effect of incubation time
on capture efficiency. As shown in Fig. 3a, the correlated in-
crease in the capture efficiency of MCF-7 cells with the incu-
bation time can be observed up to 60 min, but the capture ef-
ficiency was saturated over 60 min. Therefore, 60 min was
selected as the optimum incubation time in the following
study. Secondly, as shown in Fig. 3b, it was found that the
morphology of the 3D microarray can influence the cell cap-
ture efficiency significantly. In general, the cell capture effi-
ciency increased with the increase of the depth (z) or the de-
crease of size (x) of the 3D microarray (setting of parameters
x and z is shown Scheme 1). In addition, as shown in
Fig. 3c and d, the shape of the 3D microarray also has a
slight effect on the capture efficiency. Finally, we found that
the cylindrical 3D microarray with a diameter of 2 μm and
depth of 2 μm had the highest capture efficiency in our ex-
periments. The efficiency was as high as 76%, which is 3.8
times that of the MBA modified smooth gold-plated poly-
meric substrate. Therefore, the cylindrical 3D microarray with
a diameter of 2 μm and depth of 2 μm was selected to pre-
pare the working electrode of the biosensors in the following
study.

Performance evaluation of the benzoboric acid modified
gold-plated polymeric substrate with the regular 3D surface
array

Firstly, we tested the specificity of the benzoboric acid modi-
fied gold-plated polymeric substrate with the regular 3D sur-
face array to capture CTCs using MCF-7 and A549 cancer cell
lines as model CTCs, and compared it with a control case
using the HUVEC normal cell line as a negative control. Dif-
ferent cell lines were soaked in PBS to obtain suspensions
with 104 cells per mL and the cells were captured by the 3D
microarray. It was found that only 6.7% HUVEC was captured
by the 3D microarray, which is much lower than that of MCF-
7 and A549 (76% and 64%). Higher capture efficiencies of
the MCF-7 and A549 cancer cell lines can be attributed to the
overexpression of sialic acid on the surface of MCF-7 and
A549 cells.

Secondly, we further tested the ability of the MBA modi-
fied gold-plated polymeric substrate with the regular 3D sur-
face array to capture cells from fresh whole blood samples.
104 per mL MCF-7 cells stained with DiD were dispersed into
human whole blood. After capture by the substrate, all cap-
tured cells on the 3D array were stained with DAPI. From the
bright field image in Fig. 4b, we observed that negligible red
blood cells were captured by the 3D microarray. According to
the fluorescence images in Fig. 4b, nearly all the cells on the
3D microarray emitted both blue and red fluorescence,
confirming that only MCF-7 cells and not white blood cells
were captured. This result further suggested that the cells
that do not overexpress sialic acid are unable to attach to the
substrate in this approach.

The 3D microarray was coated with gold layers and could
be used as the working electrode of the EIS biosensor. This
means that our approach can combine cell capture with di-
rect detection of CTCs using the EIS technique. The number
of CTCs present in patients' blood can be highly variable. To
evaluate the capture sensitivity of the MBA modified gold-
plated polymeric substrate with the regular 3D surface array
at varying concentrations of cancer cells, we added MCF-7
cancer cells into whole blood at concentrations ranging from
5 to 105 cells per mL. Fig. 5a shows Nyquist plots of the
benzoboric acid modified gold-plated polymeric substrate
with the regular 3D surface array after incubation with vary-
ing concentrations of cancer cells. It was found that the di-
ameter of the semicircle portions of the electrodes increased
with increasing MCF-7 cell concentrations. A linear correla-
tion between the relative impedance, Rct/R0, and the logarith-
mic value of cell concentration was observed as shown in
Fig. 5b. The linear regression equation was Rct/R0 = 0.5081
log[CMCF-7] + 0.0304 with a correlation coefficient (R2) of
0.9857. The detection limit was as low as 5 cells per mL,

Fig. 4 a) The capture efficiency of MCF-7, HUVEC and A549 cells. The
concentrations of the cell suspensions were all 104 per mL. b)
Fluorescence images of the cell capture by the 3D array in a blood
sample.

Fig. 5 a) The EIS spectra of the prepared biosensor at different
concentrations of MCF-7 cells. The inset shows the equivalent circuit
for the EIS measurement. b) The relationship between the concentra-
tion of MCF-7 cells and the impedance of the prepared EIS biosensor.
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which was better than most other biosensors based on EIS
for cancer cell detection (Table 1).

Release of MCF-7 cells captured by the MBA modified gold-
plated polymeric substrate with the regular 3D surface array

Based on the exchange reaction illustrated in Scheme 1, the
binding between the benzoboric acid on the substrate and
the sialic acid on the cytomembrane of cancer cells can be
readily disrupted by adding excess sialic acid, resulting in the
release of isolated CTCs from the substrate for subsequent
cell analysis. We incubated the attached CTCs with 20 mM si-
alic acid for 30 min and investigated the release efficiency
and the viability of the recovered cancer cells. Fig. 6a shows
the fluorescence images of MCF-7 cancer cells on the benzo-
boric acid modified substrate with the regular 3D surface ar-
ray before and after sialic acid treatment. It was found that
the substrate exhibited good cell detachment performance,
with a release efficiency of 97% for MCF-7 cancer cell lines.
In the meantime, as shown in Fig. 6b, the viability of the re-
leased cells was determined to be 98% by the double staining
technique. The released cells were subsequently cultured in
DMEM high glucose medium for 2 days. As shown in Fig. 6c

and Fig. S8,† the cells detached from the substrate can prolif-
erate rapidly, further indicating that viability of the released
cells is still maintained. The retention of the cell viability will
benefit subsequent analysis of the released cells greatly.

Conclusions

We have demonstrated an alternative strategy to efficiently
isolate cancer cells from whole blood using a benzoboric acid
modified gold-plated polymeric substrate with a regular 3D
surface microarray. The introduction of the 3D microarray
significantly enhanced the capture efficiency of cancer cells.
By combining with the EIS technique, the substrate we pre-
pared could be used for the direct detection of cancer cells in
whole blood samples, and the detection limit of the biosen-
sor was as low as 5 cells per mL. Moreover, using the sub-
strate we prepared, the isolated cancer cells can be recovered
through simple exchange reactions without significant dam-
age. Thanks to the ease of fabrication, accurate structural
control over the electrode surfaces, and high sensitivity and
specificity towards the target cells, the present method may
provide a promising platform for early stage diagnosis of can-
cer and downstream characterization. Although the CTC cap-
ture efficiency of the current device is not satisfactory
enough, it can be further improved by combining a micro-
architecture embedded microfluidic chip with the current de-
vice, which can improve cell–interface interactions and facili-
tate the processing of patient blood samples.45,52
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Table 1 A comparative table of the performance parameters of recently reported platforms for cancer cell detection

Detection method Limit of detection (cells per mL) Reproducibility Ref.

Chemiluminescence 1 × 104 5.36% 48
Cyclic voltammetry 4.41 × 103 2% 49
EIS 20 — 36
Surface-enhanced Raman scattering 5 — 50
Cyclic voltammetry 15 5.6% 51
Cyclic voltammetry 3.3 × 102 6.4% 35
EIS 10 6% 38
EIS 10 2.09% 39
EIS 10 1.75–3.69% 40
EIS 5 1.7% This study

Fig. 6 a) Desorption of cells. b) The viability of released cells
characterized by double staining. c) The proliferation of the MCF-7
cells that detached from the 3D microarray.
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