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Abstract
A sandwich-type electrochemical cytosensor is described for quantitative determination of CD44-overexpressing HeLa cells.
Hyaluronic acid (HA) acts as a targeting molecule that was in-situ incorporated into the sensor based on the use of an indium tin
oxide (ITO) electrode modified with multi-walled carbon nanotubes (MWCNTs). The 3D-MWCNT structure is shown to
strongly improve the electronic properties and surface chemical reactivities. The HA-modified sensor exhibits a highly sensitive
response to HeLa cells. A sandwiched hybridization protocol was then established using BIO [an N-butyl-4-(6′-aminohexyl)
amino-1,8-naphthalimide probe modified with HA] as the tracing labels of the fluorescent probes for targeting CD44-positive
tumor cells. The signal amplification was thereby maximized and measured by chronocoulometry. The binding of CD44-positive
HeLa cells to the HA modified sensing layer causes a decrease in chronocoulometric response. The signal decreases linearly in
the 2.1 × 102 to 2.1 × 107 HeLa cells·mL−1 concentration range with a detection limit of 70 cells·mL−1. Such a sandwich-type
assay may be tailored as a sensitive candidate for detecting low levels of tumor cells.
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Introduction

Hyaluronic acid (HA), which is a biodegradable, biocompatible
and non-immunogenic glycosaminoglycan, composed of re-
peating disaccharide units of D-glucuronic acid and

(1-β-3)-N-acetyl-D-glucosamine. As a major component of
the extracellular matrix, HA plays a vital role in a broad range
of crucial biological and physiological processes, including cell
growth, cell adhesion, cell-cell communication, signaling and
organ structural stability [1–3]. HAwith its binding proteins or
receptors mediates a large number of biological events. For
example, HA generates a key signal for activating the kinase
pathways and regulating angiogenesis in tumors. The re-
searches have been reported that CD44 is a transmembrane
glycoprotein, which was the major receptor of HA in cancer
cells and frequently employed HA as the drug carrier into the
tumor with high CD44 expression [4]. Activated hyaluronate
receptors (HR) are ubiquitously overexpressed by CD44 pro-
teins for hyaluronan-mediated motility (RHAMM) on tumor
cells [5, 6] that are lacking in their non-tumorigenic counter-
parts [7]. Therefore, CD44 receptor as a transmembrane glyco-
protein (85 kDa) is essential for cellular functions, including
migration, cell orientation, adhesion, and matrix-cell signaling
processes [8]. Since the abnormal expression of CD44 proteins
is observed in many solid tumor cells including lung breast,
colorectal, renal, gastric, pancreatic, hepatocellular, and cervi-
cal cancer as well as melanoma [9–12], they can
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act as a common marker for several cancer stem cells, which
exhibit highly malignant and chemo-resistant properties [13].
Therefore, the high levels of CD44 proteins in cancer cells will
become a potential biomarker for aggressive tumors in biolog-
ical processes and clinical analysis. The conventional assay
methods used for HA targeted imaging of tumor cells anal-
ysis mainly include magnetic resonance (MR) [14],
HA-PEI system [15], and enzyme-linked immunosorbent
assays (ELISA) [16], immuno-electrophoresis [17].
However, these methods normally need a time consum-
ing labeling process, stringent laboratory conditions, and
easy to fluorescence quenching. Thus, attempts to de-
sign and study a novel detecting method are valuable.

Chronocoulometry (CC) has been well known to be an ef-
fective approach to monitor the electrochemical determination
of diffusion coefficients, electrode area, and adsorbed reactants
[18–21]. A particular advantage of themethod is that the charge
for electrolysis of adsorbed species can be separated from
double-layer charge of the electrode, enabling the use of
chronocoulometry for characterizing the assembly process
and determining surface concentrations on the electrode surface
[18, 22, 23]. With its advantages of low cost, low background
noise, high sensitivity, potential and spatial controllability, CC
biosensor has been used in immunoassay, DNA analysis [24,
25], and interfacial properties monitoring [26, 27].

In this work, a sandwich-like cytosensor based on HA-
MWCNT/ITO and a N-butyl-4-(6′-aminohexyl)amino-1,8-
naphthalimide modified HA (BIO, which has exhibited highly
selective for targeting CD44 overexpressed HeLa cells) [28] for
fluorescence tracking of tumor cells was developed. The new
fluorescent probe BIO (N-butyl-4-(6′-aminohexyl)ami-
no-1,8-naphthalimide probe modified with HA) was synthe-
sized (Scheme S1 in the Supporting Information) with a facile
procedure. Herein, we selected naphthalimide as a
fluorophore for synthesis of BIO probe. Compared to the other
commercially available fluorescein (such as FAM),
Rhodamine and cyanine dyes, naphthalimide has been dem-
onstrated to be a photo-stable fluorophore. Especially under
the continuous irradiation, there was no photobleaching ob-
served in naphthalimide solution [28]. In addition, the conve-
nient modification of the naphthalimide provides a mature
synthetic procedure of BIO, which makes BIO easier to be
obtained compared to the FAM modified HA. On the basis
of the above advantages, BIO conforms to the high standard
of an appropriate sensing probe for detecting and tracing re-
search. The utilization of HA-MWCNT/ITO and BIO enhances
the selectivity of this sandwich biosensor for sensing CD44
proteins on the cell surface. Besides, the assembled
3D-MWCNT structure on ITO electrode increases the surface
area for immobilizingmuchHA and improve the electron trans-
fer for enhancing electrochemical signals. When HA-based
3D-MWCNT modified ITO electrode bind to the cell surface,
the high-expression of CD44 proteins of HeLa cells can be

evaluated through the amplified CC signal of redox probe [Fe
(CN)6]

3−/4-. The HA-based biosensor can significantly re-
spond to the change of cell quantity, and the correspond-
ing fluorescent signal change is observed by fluorescence
image and total fluorescence intensity (FI). Thus, these
results prove the feasibility and reliability of analyzing
tumor cells with CD44-positive expression via this
HA-biosensor. This sensitive biosensor may provide an
important tool to evaluate the CD44-overexpressing tumor
cells and track the target directly by optical microscope
technology with the fluorescent BIO synthesized target
probes. Furthermore, this resultant HA@MWCNT based
cytosensor exhibited a broad detection range with a fairly
low detection limit of HeLa cells, offering a potential
alternative method for tumor cell detection in clinical di-
agnosis with further efforts.

Experimental

Chemicals and materials

Indium tin oxide (ITO, resistivity = 10–15 Ω), MWCNTwere
obtained from Zhuhai Kaivo Co. and Shenzhen Nanotech Port
Co, respectively. p-phenylenediamine (AP), Hyaluronic Acid
were purchased from Aladdin. 1-(3-(dimethylamino)-propyl)-
3 - e thy l ca rbod i imide hydroch lo r ide (EDC) and
N-hydroxysuccinimide (NHS) were purchased from
Sigma-Aldrich. Fetal bovine serum (FBS) and Dulbecco’s
Modified Eagle Medium (DMEM) were from Gibco. All oth-
er reagents were of analytical grade and were used as received.
The ultrapure water (18.2 MΩ·cm) was used throughout the
experiments.

Construction of 3D-MWCNT structure onto ITO surface

Indium tin oxide (ITO) electrodes (resistivity = 10–15Ω) were
ultrasonic washing in ultrahigh purity water (18.2 MΩ·cm),
ethanol, acetone and isopropyl alcohol, separately. Then the
electrochemical working area is controlled with a size of
2 mm× 3 mm via use of epoxy glue. For the preparation of
arylamine film, in an ice bath, 10 mM p-phenylenediamine
hydrochloric acid solution was rapidly added to 1 M NaNO2

solution and allowed for 15 min complete reaction. The resul-
tant diazonium cation was electrografted to the ITO by scan-
ning once from 0.4 to −0.6 V vs SCE (v = 100 mV·s−1),
followed by depositing at −0.6 V for 2 min. Two final cyclic
voltammetric scans were performed to confirm the passivation
and hence grafting of the electrode.

Acid-treated functionalized MWCNT (5 mg, 1 mg·mL−1)
were dispersed in DMSO solution (5 mL) containing amide
condensation agent HATU (5 mg, 1 mg·mL−1), reacting for
30 min at room temperature. Then, the MWCNT were

 338 Page 2 of 8 Microchim Acta  (2018) 185:338 



vertically anchored to arylamine modified ITO electrodes at
65 °C for 24 h. After preparation, the 3D-MWCNT/ITO elec-
trodes were rinsed with Phosphate buffered saline (PBS,
0.2 M, pH 7.4, containing 0.9% NaCl) and dried under a
stream of nitrogen for the following modification.

Fabrication of the HA-MWCNT/ITO cytosensor

The ethylenediamine-modified HA (HA-NH2) were firstly
synthesized by linking the carboxyl groups on HA with the
amino groups on ethylenediamine by EDC and NHS. In brief,
HA (50mg) was dissolved in pure water (15 mL), followed by
the addition of 30-fold molar excess of ethylenediamine, EDC
(135 mg) and NHS (135 mg). Then pH value of the solution
was adjusted to 7.0 with 0.1 M HCl /NaOH and the mixture
was stirred overnight. Finally, the HA-NH2 were obtained by
dialysis washing for 24 h, and freeze-drying. Following that,
the previous 3D-MWCNT-ITO electrode was dipped into the
HA-NH2 solution, reacted for 3 h at 4 °C and washed with
PBS (0.2 M, pH 7.4). After conjugation of HA-NH2 with the
activated carboxyl group of MWCNT via amide bond, the
3D-MWCNT@HA/ITO electrodes were obtained. The
resulting electrodes were stored at 4 °C before use.

Synthesis of BIO fluorescent probe

BIO was synthesized according to the reported proce-
dures. N-butyl-4-(6′-aminohexyl)amino-1,8-naphthalimide
(BIO2) was dissolved in DMSO. Sodium hyaluronate was
dissolved in phosphate buffer (pH = 7.4) in an ice bath in
another bottomed flask. After the HA was dissolved
completely, EDC and NHS were added for the conjuga-
tion reaction between BIO2 and HA. Concentrated HCl
was added to adjust the pH of the resulting solution to
6.8, and then keeping activating for about 30 mins.
Finally, the two solutions were mixed and ice bath was
removed. The mixture was continued to stirring at room
temperature for 12 h. The crude product was obtained
through dialyzing with ultrapure water to remove
unreacted reagents until the dialyzed ultrapure water be-
comes colorless, and then the orange solid was obtained
after drying at a low temperature.

Cell culture, collection and fluorescent labeling

Cells were provided from the cell bank of Chinese Academy
of Sciences. For easy visualization, all kinds of cells were
cultured in a humidified incubator at 37 °C containing 5%
CO2, grown in Dulbecco’s Modified Eagle Medium
(DMEM) supplemented with fetal bovine serum (FBS, 10%,
Gibco) and 1‰ P/S (v/v = penicillin/streptomycin, Gibco),
Cells were collected at 1200 rpm for 5 min. Then, cells were
suspended in PBS (0.2 M, pH 7.4) containing 1 mg/mL BIO

probes and incubated at 37 °C for 30 min. Subsequently, the
cell suspensions were centrifuged and washed with PBS three
times until the supernatants were colorless. Thus, targeted
fluorescently labeling BIO-cells were obtained. The prepared
3D-MWCNT@HA-ITO electrodes were then incubated in
homogeneous cell-BIO suspensions at 37 °C for 2.5 h. After
thoroughly rinsing with PBS, the cytosensors were used for
fluorescent microscopy (OLYMPUS IX71) observations and
electrochemical analysis.

Apparatus

Chronocoulometry, differential pulse voltammetry (DPV) and
other electrochemical experiments were performed on a CHI
660B electrochemical workstation (Shanghai Chenhua Co.
Ltd., China). A conventional three-electrode system was
consisted of the functionalized ITO electrode as working elec-
trode with SCE reference electrode and Pt wire counter elec-
trode. The electrolyte solution included 10 mM K3Fe(CN)6/
K4Fe(CN)6 (1:1) in a 10 mM PH 7.4 PBS. Chronocoulometry
measurements were carried out with the following parameters:
initial potential: −0.8 V; final potential: 0.5 V; number of
steps: 2; pulse width: 0.25 s; pulse period: 250 ms. DPV mea-
surements were performed from −0.2 to 0.6 V with a pulse
amplitude of 50 mVand width of 0.02 s. Atomic force micros-
copy (AFM) images were acquired on at Multimode
Nanoscope (Bruker AXS GmbH). Zeta potential was mea-
sured by Malvern Zetasizer Nano-zs 90.

Results and discussion

Ethylenediamine was covalently bound to the HA backbone
using the conventional EDC chemistry. The surface modifica-
tion of HA has been studied by zeta potential and FTIR anal-
ysis (Fig. 1). As shown in Fig. 1a, the zeta potential of
ethylenediamine, HA and HA-ethylenediamine (HA-NH2) is
−4.94, −54.3 and − 16.8 mV, respectively. It can be seen that
the surface potential of HA became positive after conjugation
of ethylenediamine, which is attributed that at pH~7.0, the
carboxyl groups of HA are ionized, and HA-NH2 are positive-
ly charged. As indicated in Fig. 1b, pure HA exhibits a broad
O-H stretching bond at ~3350 cm−1, a shoulder peak at around
2900 cm−1 is associated with -CH2, C =O stretching bond at
1300–1700 cm−1. The typical bonds at 1660 cm−1 and
1655 cm−1 in HA-NH2 conjugates are attributed to the CO-NH
bond from HA. These apparent changes also indicated the suc-
cessful surface modification of ethylenediamine onto HA.

In this study, the preparation of HA@MWCNTsensor film
was a key step, in which 3D-MWCNTstructure was built onto
the surface of ITO electrode to accelerate the electron transfer
rate and provide a favorable interface for the conjugation of
HA-NH2. AFM images on the 3D-MWCNT array modified
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ITO electrode revealed an irregular, vertical assembly with a
surface roughness of 6 ± 3 nm (Fig. 1c), while after HA-NH2

molecules were covalently linked, the forest features of
3D-MWCNT array disappear and the surface roughness de-
creased to 4.55 ± 1 nm (Fig. 1d), suggesting that
HA@MWCNT have been assembled on ITO electrode surface.

Further, Chronocoulometry and DPV measurements were
carried out for the biosensor. Figure 2a showsCC diagramswere
applied to confirm layer-by-layer assembling process of
MWCNT-HA/ITO modified electrodes in the presence of [Fe
(CN)6]

3−/4- as redox probe. At bare ITO electrode, the redox
process of the probe shows a high CC intensity at 210μC (curve
a). After the electrochemical conjugation of arylamine on the
electrode, CC intensity decrease to 65.3 μC (curve b), which
is probably on account of the fact that generated arylamine layer

can hinder the penetration of the redox probe. Upon the assem-
bly of MWCNT array, the CC intensity increased to 113 μC,
revealing a satisfactory electrical conductivity with the introduc-
tion of sensing matrix. After further modification of HA mole-
cules, CC intensity obviously decreased to 55 μC (curve d)
because of the poor conductivity of HA. After capture of
HeLa cells (4.8 × 103 cells·mL−1), the CC intensity greatly de-
creases (curve e) due to dielectric behavior of cells blocking the
interfacial electron transfer process. Moreover, the successful
assembly process of the HA-cytosensor can be also verified by
DPV (Fig. 2b), which was consistent with the CC response.

As shown in Fig. 3a, DPV peak current at the cell captured
cytosensor decreases gradually with the increasing incubating
time, demonstrating more and more HeLa cells are being cap-
tured. A minimum DPV response obtained at 3 h expounds

Fig. 1 a Zeta potential analysis of
ethanediamine, HA and HA-NH2
in PBS solution. b FTIR spectra
of HA and freeze dried HA-NH2
polymer. c AFM images of
MWCNT modified ITO electrode
and (d) MWCNT@HA modified
ITO electrode

Fig. 2 a Chronocoulometric response of self-assemble process at
different electrodes: (a) bare ITO, (b) arylamine modified ITO
electrode, (c) MWCNT modified ITO electrode, HA@MWCNT

modified ITO electrode before (d) and after (e) capture of BIO @ HeLa
cells (4.8 × 103 cells·mL-1). b The corresponding DPV response. The
curve colors of DPVand CC are correspondent with each other
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that cells adhered to the modified electrodes has been saturat-
ed, showing enough sensitivity for HA- anchored detection of
HeLa cells.

The concentration of CNT is an important parameter for
amplifying electrochemical signals and sensitively detecting
tumor cells. The DPV peak current presents a rising trend with
the increasing concentration of CNTs, and then approaches to
a maximum value at 1.0 mg·mL-1 (Fig. 3b). The DPV incre-
ment shows efficient surface area for HA loading and suffi-
cient sensitivity for electrochemical biosensing of tumor cells.

Chronocoulometry has been utilized as a new alternative to
develop electrochemical biosensors for detection of tumor cells.
As to electrochemical reactions uncomplicated by chemical
steps, the general mode of analyzing charge Q vs. t data was
depicted using Anson plotting, assuming that plots of Q(t < T)
vs. t1/2 and Qr =Q(T) – Q(t > T) vs. θ (θ =T1/2 + (t -T)1/2 -t1/
2), are linear and both electrode double layer charging and
adsorbed reactant electrolysis are instantaneous [18]. Thus, the
chronocoulometric signals for each concentration can be gener-
ated using Anson plotting for the determination of specially cap-
tured tumor cells on the modified electrode. Herein, by using [Fe
(CN)6]

3−/4-as the redox probe, CCmeasurements were applied to
investigate the ability of target detecting tumor cells (e.g. HeLa
cells). As comparison, we firstly investigated the HA-modified
electrodes without 3D-MWCNT structure co-incubated with
HeLa cells. It can be seen from Fig. S1A, when HeLa cells were
adsorbed onto the HA film, the modified electrode showed an
increased electron transfer resistance and thereby the decreasing
of CC signal. Moreover, the charge value gradually decreased
with the increasing of concentration of HeLa cells. The charge

value (ΔQ) was proportional to the logarithm of HeLa cells
concentration in the range of 1.5 × 103 to 6.2 × 106 cells·mL-1

(Fig. S1B). The linear equation can be depicted as ΔQ (μC) =
−12.46 + 6.626 × lgC[HeLa] (cells·mL-1) (R= 0.992). The detec-
tion limit of HA/ITO cytosensor is estimated to be approximately
5 × 102 cells·mL−1 (signal-to-noise, S/N = 3), indicating the HA/
ITO electrode can be performed to quantitatively detect HeLa
cells. However, upon the concentration of HeLa cells reduced to
1.5 × 103 cells·mL-1, there is only slight variations in the Δ
Charge which is shown in Fig. S1A.

To further improve its detection performances (eg. broad
detection range and a low detection limit) of the cytosensor,
MWCNT structure was attached onto the ITO electrode sur-
face to construct a 3D sensing layer via the effect of strong
amide linkage. This 3D-MWCNT structure can amplify the
electrochemical current signal and provide sufficient loading
area of HA molecules, leading to the greatly enhanced
cell-capture affinity compared to the HA-ITO electrode.
Figure 4a depicted the chronocoulometric responses of the
cytosensor towards different cell concentrations, which were
measured in the presence of [Fe(CN)6]

3−/4- as redox probe.
With increasing concentration of labelled tumor cells, the
charge value gradually decreased. The relationship between
CC signal and logarithm concentrations of HeLa cells in the
range from 2.1 × 102 to 2.1 × 107 cells·mL-1 was fitted linearly
with the equationΔQ (μC) = 29.90658 + 3.08247 × lgC[HeLa]

(cells·mL−1) with a correlation coefficient R = 0.996 (Fig. 4b).
The detection limit (LOD) of the cytosensor is estimated to be
approximately 70 cells·mL−1 (S/N = 3), which is much lower
than those of 5 × 102 cells·mL−1 at the HA/ITO-based

Fig. 3 DPV responses upon the
biosensor at (a) different cellular
incubating time and (b) different
concentration of CNT (0.05, 0.25,
0.4, 0.6, 0.8, 1.0, 1.2,
1.4 mg·mL−1) in the presence of
3.3 × 105 cells·mL-1 HeLa cells

Fig. 4 a Typical
chronocoulometric responses of
the HA@MWCNT modified ITO
electrode after adhesion with
HeLa cells: (a) 0, (b) 2.1 × 102,
(c) 2.1 × 103, (d) 2.1 × 104, (e)
2.1 × 105, (f) 2.1 × 106, (g) 2.1 ×
107 cells·mL-1. b A linear plot
according to the CC signals for
detecting HeLa cells
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cytosensor, 2000 cells·mL−1 at an EIS sensor based on
PANI-NF/AuNP electrochemical biosensor for HeLa cells
[29], 250 HeLa cells·mL−1 at cyclic voltammetry sensor based
on peptide nanotube–folic acid modified sensor [30], 300
HeLa cells·mL−1 at DPV sensor with Au/ITO using
thioctic acid-based electrochemical immunoassay [31],
and 90 cells mL−1 at EIS biosensor based on folate
conjugated-PEI-CNT/GCE (Table S1 in the Supporting
Information). Furthermore, the relative standard deviations
(RSD) in the experimental intra-assay of the cytosensor were
4.2 and 5.1% at the cell concentrations of 2.1 × 105 and 2.1 ×
106 cells·mL−1, indicating its acceptable precision.

Notably, the detection range of chronocoulometric signal
on the 3D-MWCNT@HA surface is muchwider than that HA
modified ITO planar surface, indicating a higher HA density
on the former at the same area. Thus, the three-dimensional
surface will provide a higher local ratio of cell affinitive HA to
targeted cells than the planar surface in the following cell
capture process. Furthermore, the 3D array can strengthen
local topographic interactions between HA@MWCNT sens-
ing layer and nanoscale elements of the cellular surface [32].
These morphologic differences between 3D-MWCNT@HA
and HA mod i f i e d ITO su r f a c e s s u g g e s t t h a t
three-dimensional structure modified ITO biosensor
may achieve more efficient capture by enhanced
cell-substrate interactions. As our previously work re-
ported [33], 3D-MWCNT structure has shown excellent
performance in enhancement of surface area, superior
electron transfer and efficient electrical conductivity.

In order to evaluate the specificity of the cytosensor, vari-
ous types of cells including CD44 low expression cell lines
MCF-7, BXPC-3, Chang liver, ROS 1728 and CD44 high
expression HeLa cell lines were incubated with the cytosensor
at the same cell concentration (1.0 × 104 cells·mL−1), which
were rapidly detected by both fluorescence microscopic

technique and chronocoulometry. HeLa cells (1.0 × 104

cells·mL−1) were also incubated on the fabricated cytosensor
without BIO probe under the same experimental conditions as
a control. As shown in Fig. 5a, the green fluorescence is sig-
nificantly higher in HeLa cells with comparison to those of the
other cells. The histogram based on the total fluorescence
intensity (FI) of each cell line in the displayed images (Fig.
5b) also can clearly exhibit a high selectivity of the cytosensor
for CD44-positive tumor cells. To confirm the specificity of
the sandwich-like sensor, electrochemical analysis was further
carried out using chronocoulometric methods under the same
experimental conditions. The histogram of chronocoulometry
signals are in good accordance with the fluorescence signals.
It can be clearly observed from Fig. 5c that only HeLa
cells result in an evident CC change with a chronocoulometric
response of 32.5 μC, while CD44-low expression cells incu-
bated at the cytosensor only cause five times less
chronocoulometric signal of 5 μC, testifying this cytosensor
is highly specific to CD44-positive tumor cells. Therefore,
combined with the data presents in Fig. 5, it is concluded that
this BIO cytosensor upon HA@MWCNT can be used to test
and trace for the CD44+ and CD44-cells, even further to di-
agnose cancer with non-antibody-based biosensors.

Conclusions

In summary, this work describes a novel sandwich-like
cytosensor. It is based on HA covalently anchored on
3D-MWCNT structure for ultrasensitive tumor cell determi-
nation via specific recognition of CD44 expression patterns on
the cellular surface, and then BIO as the fluorescent probe to
trace and dynamically evaluate the CD44-overexpressing tu-
mor cells. Three-dimensional architectureMWCNTarray per-
forms stability, highly electrochemical activity. Furthermore,

Fig. 5 a Changes in the
fluorescence features of MCF-7
cells, ROS1728 cells, HeLa cells,
Chang liver cells and BXPC-3
cells at the same concentration
(1.3 × 104 cells·mL-1) and a con-
trol system (HeLa cells without
BIO probe). b The histogram is
based on the total fluorescence
intensity (FI) of each type of tu-
mor cell in the displayed images.
c Chronocoulometric responses
of a BIO cytosensor upon
HA@MWCNT modified ITO
electrode toward various tumor
cells
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the 3D-structure enhanced surface area can anchor muchmore
amounts of HA in the cytosensor and enable for a highly
selective and sensitive detection of overexpressed CD44 pro-
tein in cancer cells with a detection limit of 70 cells·mL−1.
These results illustrates that the chronocoulometry method
has the advantages of higher sensitivity, lower background
current, a broader detection range and a much lower detection
limit. Besides, the study also reveals that BIO probe provides
a dynamical tracking platform and a high specificity to
CD44-positive tumor cells. With the combined advantages
of bioconjugate techniques, fluorescence microscopy and
CC detection, this strategy probably can be expanded to provide
a feasible technique for early diagnosis of cancer in clinical
application.
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