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1. Introduction

Exosomes are extracellular nanovesicles of 30–150 nm diame-
ter containing proteins, mRNA, and microRNAs (miRNAs) pro-
tected by a lipid bilayer. Over several years, it has been shown
that most body fluids (e.g. blood, urine, saliva) contain exo-
somes excreted by multiple cell types including cancer cells,
stem cells, immune cells, and neurons.[1, 2] Exosomes have been
reported to mediate various physiological functions such as
cell-to-cell communication and immuno-stimulation, as well as
pathological processes including metastatic niche establish-

ment in cancer.[2, 3] Owing to their unique composition, easy ac-
cessibility, and capability of representing their parental cells,
exosomes draw much attention as promising biomarkers for
tumor screening, diagnosis, and prognosis.[4, 5] For example,
recent studies have shown that human epidermal growth
factor receptor 2 (HER-2) positive exosome levels in the serum
of breast cancer patients are generally more abundant com-
pared to healthy patients.[6, 7] Therefore, isolation and analysis
of tumor-derived exosomes could significantly improve the ca-
pacity to diagnose cancer, thereby improving outcomes.

As exosomes can be secreted from both healthy and tumor
cells, samples collected from cancer patients usually contain
a mixture of normal- and tumor-derived exosomes.[8] Over sev-
eral years, considerable progress has been made in the devel-
opment of methods for the isolation and specific detection of
exosomes in body fluids. Conventional detection techniques
such as western blotting and enzyme-linked immunosorbent
assays (ELISAs) require large amounts of sample and extensive
technical steps for detection.[9–11] In recent years, several micro-
fluidic bioassays for exosome analysis have also been reported,
which have the advantages of lower sample quantities, better
control over reagent delivery, faster analysis, and multiplexed
detection of tumor-derived exosomes, largely owing to re-
duced diffusion distance of the analyte to the transducer.[12–14]

Despite these advances in detection strategies, exosome analy-
sis in clinical samples is still a significant challenge, owing to
the lack of simple, sensitive, rapid, and low-cost readout meth-
ods. Additionally, most of these methodologies are limited to
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specifically quantifying tumor-derived exosomes in a bulk exo-
some mixture.

Electrochemical assays have been shown to offer excellent
sensitivity and specificity to biomolecule detection in complex
biological matrices. The application of an advanced electro-
chemical assay for the multiplexed and high-throughput mea-
surement of exosomes was recently reported by Jeong
et al. ,[15] where a portable eight-channel device has been used
to detect exosomes in plasma samples. A practical advantage
of electrochemical detection is the potential to translate to
cheap point-of-care assays by using screen-printed electrodes,
which have been shown to be ideal because of their low cost,
disposability, and design flexibility as compared to traditional
electrode materials.[16–19] However, exosome detection based
on single-use disposable electrodes has yet to be demonstrat-
ed. Therefore, we engaged the use of inexpensive single-use
extraavidin-modified screen-printed electrodes (E-SPE), which
were fabricated onto a ceramic substrate.

Herein, leveraging the advantages of screen-printed electro-
des and electrochemical readout, we report a cost-effective
and simple proof-of-concept electrochemical approach for de-
tecting breast cancer cell-derived exosomes in bulk exosomes.
Exosomes were first extracted from cell-culture media and
characterized by using qNano measurements. An extraavidin-
modified screen-printed electrode was then functionalized
with biotinylated tetraspanin biomarker (e.g. CD9) antibody.
The electrodes were challenged with exosomes derived from
cell-culture media. The breast-cancer-specific exosomes within
these captured exosomes were then quantified by sandwich-
ing the exosomes between surface-bound CD9 and breast-
cancer-specific human epidermal growth factor receptor 2
(HER-2) antibodies. Differential pulse voltammetry (DPV), in the
presence of the [Fe(CN)6]4�/3� redox system, was used to moni-
tor the faradaic currents generated in each step of the sensing
layers. The addition of subsequent antibody and exosome
layers on the E-SPE surface blocks the [Fe(CN)6]4�/3� redox
system from accessing the surface quite effectively, which re-
sults in a decrease in DPV current response.[18, 20] Therefore, the
attenuation of current generated by the [Fe(CN)6]4�/3� system
after exosome binding should have a clear correlation with the
concentration of exosomes. Finally, the feasibility of the
method to directly detect exosomes in complex body fluid
was tested by detecting spiked exosomes in serum samples.

Experimental Section

Reagents and Materials

Unless otherwise stated, the reagents used for the experiments
were of analytical grade and purchased from Sigma Aldrich (Aus-
tralia). Anti-CD9 antibody was purchased from abcam (cat no.
140227), Anti-HER-2 antibody was from R & D systems (cat no.
AF1129). DNase/RNase-free distilled water (Invitrogen, Australia)
was used to carry out the experiments. Extraavidin-modified
screen-printed carbon electrodes (DRP 110XTR) were purchased
from Dropsens (Spain).

Cell Culture and Isolation of Exosomes

Breast cancer cell lines BT-474 (HER-2 positive) and MDA-MB-231
(HER-2 negative) were maintained in microvesicle-depleted serum-
free media 171 (Gibco, UK) supplemented with mammary epithelial
supplement (Gibco, UK) with 1 % penicillin/streptomycin, and
grown in 5 % CO2 at 37 8C. The conditioned medium from 106 cells
was collected after 60 h and centrifuged at 2000 � g for 30 min to
eliminate cell contamination (e.g. cells and debris). Exosomes were
isolated by using total exosome isolation reagent (Life Technolo-
gies cat no #4478359) as per the manufacturer’s instructions. Brief-
ly, the supernatant was transferred to a new tube and the isolation
reagent was added to the tube in a 2:1 ratio. The samples were in-
cubated overnight at 4 8C and centrifuged at 10 000 � g for 1 h to
obtain exosome pellets. Exosome pellets were then re-suspended
in 50 mL phosphate-buffered saline (PBS; 10 mm, pH 7.0) and
stored at �20 8C for further use.

Quantification of Exosomes by using Nanopore Analysis

The isolated exosomes from BT-474 and MDA-MB 231 cells were
quantified by using tunable resistive pulse sensing (TRPS) (qNano,
Izon Science Ltd), as previously described.[21] Briefly, purified exo-
somes were diluted 1:2 with sterile PBS and analyzed with a NP100
nanopore. The concentration and size distribution of exosomes
were calibrated by using 70 nm carboxylated polystyrene beads at
a concentration of 1.5 � 1011 particles mL�1.

Exosome Detection by using DPV

All electrochemical measurements were performed on a CH650E
potentiostat (CH Instruments, USA) with the modified screen-print-
ed electrode (i.e. extraavidin-, carbon-, and silver-modified electro-
des as working, counter, and reference electrodes, respectively).
DPV experiments were carried out in PBS solution containing
2.5 mm [K3Fe(CN)6] and 2.5 mm [K4Fe(CN)6] electrolyte solution.
DPV signals of E-SPE were measured in electrolyte solution to get
the baseline current. The signals were recorded from �0.2 to 0.4 V
with a pulse amplitude of 50 mV and a pulse width of 50 ms. The
electrodes were incubated with the biotinylated CD9 antibodies
followed by the exosome sample, and then with HER-2 antibodies
(5 mL sample in each step). Finally, the electrodes were washed
three times with PBS prior to performing DPV measurements. The
% current response change (%IRelative) was obtained by using Equa-
tion (1):

%IRelative ¼
IBare � IAdsorbed

IBare
� 100 ð1Þ

where IBare and IAdsorbed are current densities for the bare electrode
and the electrode after sample adsorption, respectively.

2. Results and Discussion

Figure 1 depicts the concept of the experimental procedure
for the electrochemical detection of disease-specific exosomes.
Briefly, exosome samples extracted from cancer cell lines were
diluted in PBS. The E-SPE electrodes were first specifically cou-
pled with biotinylated anti-CD9 antibody by using biotin–
avidin interactions. The tetraspanin biomarker, CD9, is a generic
exosomal membrane marker, which is widely expressed in exo-
somes released by almost all cell types (cancerous or
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normal).[22, 23] To isolate the total exosome population present
in the sample, the CD9 antibody-coated E-SPE electrodes were
incubated with the extracted samples. The tumor-specific exo-
somes from the total exosomes were distinguished by using
tumor-specific surface marker, HER-2 antibody.[24] In our
method, all steps are monitored by using DPV in the presence
of the [Fe(CN)6]3�/4� redox system. As shown in Figure 2 A, the
addition of subsequent layers on the sensor surface acts as
a barrier for the interfacial electron-transfer reaction of the
[Fe(CN)6]3�/4� process, which results in a decrease in DPV cur-
rent response. These results indicate successful stepwise bind-
ing of biomolecules on the sensor. The detection system based
on current reduction is further characterized by using faradic
electrochemical impedance (F-EIS) measurements (see the Sup-
porting Information). In F-EIS, the build-up of sensing layers
were followed by measuring the electron-transfer resistance
(Ret) at the electrode surface. As shown in Figure S1, Ret increas-
es with increasing biomolecule layers, further indicating suc-
cessful stepwise binding of antibodies and exosomes on the
sensor surface.

The level of DPV current response in our assay is dependent
on the concentration of biomolecules and their incubation (at-
tachment) times. The attenuation of the DPV current is depen-
dent on the amount of the biomolecules (i.e. antibodies and
exosomes) attached on the E-SPE electrode. Therefore, optimi-
zation of the CD9 antibody immobilization step was critical to
achieve a detectable response for subsequent exosome and
HER-2 antibody attachment steps. This is because there is only
a finite amount of effective surface, and having the large
amount of antibody could completely block the [Fe(CN)6]3�/4�

redox system from accessing the electrode surface (i.e. satura-
tion of the effective surface), leading to a situation where the
extent of target exosomes would make an indiscernible signal
difference. To this end, we optimized the concentration of CD9

and HER-2 antibodies (500–1 ng mL�1) and their incubation
times (20–60 min) and found that 1 ng mL�1 concentration and
20 min incubation time for both antibody steps was optimal
for 7.52 � 106 exosomes mL�1 with a 60 min binding time (data
not shown). To demonstrate the utility of the method in de-
tecting exosomes present in cell culture media, we extracted
exosomes from HER-2(+) BT-474 and HER-2(�) MDA-MB 231
breast cancer cell lines. Exosome concentration and size distri-
bution were measured by using qNano (Figure 3). Most of the
particles were in a typical exosome size range of 30–150 nm.

Figure 1. Schematic representation of the sandwich assay for the detection
of disease-specific exosomes. The exosomes were isolated from the cell cul-
ture media and spiked in buffer or serum. Biotinylated CD9 antibodies were
immobilized on extraavidin-modified screen-printed carbon electrodes by
using biotin avidin coupling chemistry. The subsequent addition of exo-
somes (spiked in buffer or serum) on the electrode surface was captured by
surface-bound CD9 antibodies. The disease-specific HER-2(+) exosomes
were detected by the HER-2 antibody.

Figure 2. A) Typical DPV signals showing each step for exosome [HER-2(+)
BT-474] detection by anti-CD9 and anti-HER-2 antibodies. B) Mean values for
the relative current difference (%IRelative) obtained for the detection of exo-
somes derived from BT-474 (i, ii) and MDA-MB-231 (iii, iv) cell culture media
by anti-CD9 antibody (i, iii) and subsequent detection was carried out by the
HER-2 antibody (ii, iv). C) Control experiments: mean values for the relative
current difference (%IRelative) obtained for i) exosomes quantification using the
JK-1 antibody (HER-2 was replaced with JK-1) ; ii) attachment of only CD9 an-
tibody on the extraavidin-modified electrode; iii) nonspecific adsorption of
exosomes and HER-2 antibody on extraavidin-modified electrode, and
iv) CD9- and HER-2-functionalized electrode (exosomes replaced with
buffer). Each data point represents the average of three separate trials
(n = 3) and the error bar represents a standard deviation of the measure-
ments (%RSD) of <10.0 %. The concentrations of exosomes (BT-474 and
MDA-MB-231 derived), anti-CD9, and anti-HER-2 were
7.52 � 106 exosomes mL�1, 1.0 ng mL�1, and 1.0 ng mL�1, respectively.

Figure 3. Exosome quantification by qNano particle analyzer. A) Exosome
population derived from HER-2(+) BT-474 breast cancer cell line. The total
concentration of exosomes present in the 1:50 diluted sample is
7.52 � 107 exosomes mL�1. B) Exosome population derived from HER-2(�)
MDA-MB-231 breast cancer cell line. The total concentration of exosomes
present in the 1:50 diluted sample is 1.36 � 107 exosomes mL�1.

ChemElectroChem 2016, 3, 1 – 6 www.chemelectrochem.org � 2016 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim3 &

These are not the final page numbers! ��These are not the final page numbers! ��

Articles

http://www.chemelectrochem.org


The average exosome concentration of BT-474 and MDA-MB-
231 cell-derived exosomes were 7.5 � 107 and 1.36 �
107 exosomes mL�1, respectively. Purified exosomes were indi-
vidually spiked into PBS to give a final exosome concentration
of 7.52 � 106 exosomes mL�1. For electrochemical detection, 5 mL
of diluted exosomes were captured on the anti-CD9-functional-
ized electrodes. The captured exosomes were further profiled
by using HER-2 antibodies. As can be seen in Figure 2 B ii, with
the HER-2(+) BT-474 exosome sample, an approximately 60 %
(%IRelative = 60 %) reduction in relative current was observed in
comparison to the bare electrode. This value was approximate-
ly 21 % (Figure 2 B iv) for the HER-2(�) MDA-MB 231 exosome
sample (see Figure 2 B iii and 2 B iv). Clearly, the HER-2 antibody
incubation step did not affect the DPV signal for the HER-2(�)
MDA-MB 231 exosome sample. These results indicate that our
approach is highly suitable for HER-2-specific exosome detec-
tion. When comparing inter-assay reproducibility, a relative
standard deviation (RSD) of <4.9 % (n = 3) was found. This spe-
cific detection is the key for clinical diagnostics where exo-
somes from specific tumor origins can be differentiated from
exosomes from either other tumor or non-tumorous tissues,
and may be useful in determining tumors involving multiple
tissues or organs.

To validate the assay construction as well as to assess the
risk of possible false-positive DPV responses in our assay (i.e.
the assay based on signal reduction is limited by the false-posi-
tive response, owing to the nonspecific adsorption[18]), a series
of control experiments were conducted by using the following
experimental conditions: 1) CD9 antibody was replaced with
a non-specific antibody, anti-JK-1 (anti-JK-1 antibody is specific
to JK1 or FAM134B membrane protein, which is overexpressed
in Esophageal squamous cell carcinoma); 2) only CD9 antibody
on the sensor surface; 3) sensor fabricated without CD9 anti-
body; and 4) without target exosome attachment steps. When
CD9 antibody was replaced with the anti-JK-1 step, a reduction
of approximately 13 % in relative current (%IRelative = 13 %) was
observed (Figure 2 C i). This was attributed to interactions be-
tween biotinylated JK-1 antibody and the surface-bound extra-
avidin. A similar level of current reduction (about 15 %) was
observed for only the CD9 antibody attachment step (Fig-
ure 2 C ii). In another control experiment, we fabricated the
sensor surface without the CD9 antibody attachment step. As
shown in Figure 3 C, an 8 % reduction in relative current
change was obtained, which was attributed to nonspecific ad-
sorption of exosomes and/or HER-2 antibodies onto the extra-
avidin-functionalized screen-printed electrodes. Notably, this
change is significantly lower than that obtained in the pres-
ence of CD9 antibody (60 % versus 8 %). It is also important to
note that this level of nonspecific response is much lower than
that obtained in all conditions shown in Figure 3 C, indicating
that our assay protocol can be useful for detecting exosomes
derived from cell culture media.

To test for assay detection sensitivity, a serial dilution of BT-
474 exosomes from 1:125 to 1:8000 was performed in buffer,
correlating to 3 � 107–4.7 � 105 exosomes mL�1. These dilutions
of exosomes were subjected to capture by the anti-CD9 anti-
bodies and subsequent detection by anti-HER-2 antibodies. We

observed an increasing relative DPV signal change (%IRelative)
with higher starting concentration of target exosome
(Figure 4). This was attributed to the higher amount of the dis-
ease-specific target being isolated and subsequently adsorbed
onto the electrode surface. The peak current decreases (i.e.
%IRelative increases) in response to an increase in the exosome
concentration (i.e. blocking the [Fe(CN)6]3/4 system from access-
ing the electrode surface). The %RSD of DPV measurements
showed reproducibility of <5 % for sample (n = 3). Our data
suggest that our approach is sensitive enough to detect HER-
2(+) exosomes from samples containing approximately 4.7 �
105 exosomes mL�1 (as compared to the background signal
shown in Figure 2 C iv). This limit of detection (LOD) is compa-
rable to existing immuno-affinity-based methods that rely on
microfluidic-based isolation and/or plasmonic-based read-
outs.[9, 12] Moreover, this detection limit is far better compared
to ELISA, which measures 107 exosomes for reliable detection.
As the average number of exosomes in a biological sample
ranges from 1 � 105 to 3 � 109 exosomes mL�1[25] and our detec-
tion system has an LOD of approximately 105 exosomes mL�1,
we could claim that this approach is potentially suitable for de-
tecting exosomes in biological samples. It is worthy to high-
light the advantage of the enhanced simplicity of our assay as
compared to other assays.[9, 12, 26] Our assay used only 5 mL of
sample and generated an electrochemical signal within 2 h;
whereas, for ELISA, it takes an average of 100 mL of sample and
commonly a longer time. Additionally, our detection methodol-
ogy does not require any tedious electrode surface functionali-
zation and utilized cheap and disposable, commercially avail-
able screen printed electrodes, which provided good assay re-
producibility.

Finally, to demonstrate the applicability of our assay and to
detect the disease-specific exosomes in biological samples,
HER-2(+) BT-474 cell-derived exosomes were spiked in normal
human serum and detected by using this newly developed

Figure 4. A) Cell-derived exosome concentration-dependent curve. Mean
values of the relative current difference (%IRelative) was obtained for HER-2(+)
BT-474 cell-derived exosomes spiked in buffer (1:125 to 1:8000 = 3.01 � 107

to 4.70 � 105 exosomes mL�1 ). Inset shows the linear calibration plots. The
error bar represents a standard deviation (%RSD) of <5.0 % (n = 3) for three
independent experiments. B) Typical DPV signals for exosomes (black) with
respect to the bare electrode (red). Concentration of exosomes in the
sample are i) 3.01 � 107 and ii) 4.70 � 105 exosomes mL�1.
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biosensor assembly. For the control experiment, we spiked
HER-2 (�) MDA-MB-231 cell-derived exosomes in human
serum. We also used exosome depleted serum to estimate the
background signal. The electrochemical signal generated from
HER-2(+) exosome was higher (%IRelative = 64 %) compared to
the control (MDA-MB-231 exosomes), which was 27 %
(Figure 5). However, the signal for exosomes spiked in serum
are higher compared to those obtained in buffer-spiked experi-
ments [%IRelative = 61 % for HER-2(+) and 21 % for HER-2(�) exo-
somes]. The increase in the % IRelative for the spiked serum is
most probably caused by the presence of other serum proteins
and biomolecules present in serum non-specifically blocking
the electrode surface. When comparing inter-assay reproduci-
bility, a RSD of <4.0 % (n = 3) was observed. In correlation with
observed DPV values in Figure 5, DPV profiles exhibited a re-
duction in peak current (%IRelative = 24 %) with neat serum
alone. The detection of disease-specific exosomes in a complex
biological sample validates our assay platform as a potential
tool for use in clinical sample analysis.

3. Conclusions

We have developed a simple method using extraavidin-modi-
fied screen-printed electrodes for the sensitive detection of dis-
ease-specific exosomes. We have demonstrated that our ap-
proach sensitively and specifically detects approximately
105 exosomes mL�1 from the spiked serum samples. The key ad-
vantages afforded by our method are to detect tumor-derived
exosomes from the total exosomes (in this case BT-474-derived
exosomes detected by the HER-2 antibody), easy fabrication,
faster analysis (i.e. the entire assay was completed within 2 h),
and consumption of only 5 mL of sample. Furthermore, DPV of
screen-printed electrodes offers an inexpensive, simple, and
sensitive system that is amenable to further miniaturization
and point-of-care analysis. We envision that the approach is
not just limited to HER-2-specific exosome detection and that
it can be extended in multiple directions to further advance
the technology for a diverse range of tumor types. In addition,
the electrodes can be readily microfabricated and combined
for multiplex analysis.
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Figure 5. Mean values for the relative current difference (%IRelative) of the
HER-2(+) BT-474 (i), HER-2(�) MDA-MB-231 exosomes (both are at
7.52 � 106 exosomes mL�1) spiked in serum (ii), and only exosome-depleted
serum (iii) sandwiched between CD9 antibody and HER-2 antibodies. Each
data point represents the average of three separate trials (n = 3) and the
error bars represent a standard deviation of measurements (%RSD) of
<4.0 %.

ChemElectroChem 2016, 3, 1 – 6 www.chemelectrochem.org � 2016 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim5 &

These are not the final page numbers! ��These are not the final page numbers! ��

Articles

http://dx.doi.org/10.1038/ncb1596
http://dx.doi.org/10.1038/ncb1596
http://dx.doi.org/10.1038/ncb1596
http://dx.doi.org/10.1038/ncb1596
http://dx.doi.org/10.1016/j.clinthera.2014.05.006
http://dx.doi.org/10.1016/j.clinthera.2014.05.006
http://dx.doi.org/10.1016/j.clinthera.2014.05.006
http://dx.doi.org/10.1016/j.clinthera.2014.05.006
http://dx.doi.org/10.1002/cncr.27895
http://dx.doi.org/10.1002/cncr.27895
http://dx.doi.org/10.1002/cncr.27895
http://dx.doi.org/10.1007/s10549-010-0980-2
http://dx.doi.org/10.1007/s10549-010-0980-2
http://dx.doi.org/10.1007/s10549-010-0980-2
http://dx.doi.org/10.1007/s10549-010-0980-2
http://dx.doi.org/10.1056/NEJMra0801289
http://dx.doi.org/10.1056/NEJMra0801289
http://dx.doi.org/10.1056/NEJMra0801289
http://dx.doi.org/10.1016/j.ccell.2014.09.005
http://dx.doi.org/10.1016/j.ccell.2014.09.005
http://dx.doi.org/10.1016/j.ccell.2014.09.005
http://dx.doi.org/10.1038/sj.ki.5000273
http://dx.doi.org/10.1038/sj.ki.5000273
http://dx.doi.org/10.1038/sj.ki.5000273
http://dx.doi.org/10.1021/nn3023969
http://dx.doi.org/10.1021/nn3023969
http://dx.doi.org/10.1021/nn3023969
http://dx.doi.org/10.1021/nn3023969
http://dx.doi.org/10.1016/S0022-1759(02)00330-7
http://dx.doi.org/10.1016/S0022-1759(02)00330-7
http://dx.doi.org/10.1016/S0022-1759(02)00330-7
http://dx.doi.org/10.1021/ac502082b
http://dx.doi.org/10.1021/ac502082b
http://dx.doi.org/10.1021/ac502082b
http://dx.doi.org/10.1039/C5LC00240K
http://dx.doi.org/10.1039/C5LC00240K
http://dx.doi.org/10.1039/C5LC00240K
http://dx.doi.org/10.1039/c4lc00136b
http://dx.doi.org/10.1039/c4lc00136b
http://dx.doi.org/10.1039/c4lc00136b
http://dx.doi.org/10.1039/c4lc00136b
http://dx.doi.org/10.1021/acsnano.5b07584
http://dx.doi.org/10.1021/acsnano.5b07584
http://dx.doi.org/10.1021/acsnano.5b07584
http://dx.doi.org/10.1021/acsnano.5b07584
http://dx.doi.org/10.1021/ac0606002
http://dx.doi.org/10.1021/ac0606002
http://dx.doi.org/10.1021/ac0606002
http://dx.doi.org/10.1021/ac0710127
http://dx.doi.org/10.1021/ac0710127
http://dx.doi.org/10.1021/ac0710127
http://dx.doi.org/10.1016/j.bios.2013.12.043
http://dx.doi.org/10.1016/j.bios.2013.12.043
http://dx.doi.org/10.1016/j.bios.2013.12.043
http://dx.doi.org/10.1039/C4AN01641F
http://dx.doi.org/10.1039/C4AN01641F
http://dx.doi.org/10.1039/C4AN01641F
http://dx.doi.org/10.1039/C4AN01641F
http://dx.doi.org/10.1039/C4CC06732K
http://dx.doi.org/10.1039/C4CC06732K
http://dx.doi.org/10.1039/C4CC06732K
http://dx.doi.org/10.1016/j.imlet.2006.09.005
http://dx.doi.org/10.1016/j.imlet.2006.09.005
http://dx.doi.org/10.1016/j.imlet.2006.09.005
http://dx.doi.org/10.1016/j.imlet.2006.09.005
http://dx.doi.org/10.2217/nnm.12.173
http://dx.doi.org/10.2217/nnm.12.173
http://dx.doi.org/10.2217/nnm.12.173
http://dx.doi.org/10.2217/nnm.12.173
http://dx.doi.org/10.1039/c3lc41343h
http://dx.doi.org/10.1039/c3lc41343h
http://dx.doi.org/10.1039/c3lc41343h
http://www.chemelectrochem.org


ARTICLES

S. Yadav, K. Boriachek, M. N. Islam,
R. Lobb, A. Mçller, M. M. Hill,
M. S. A. Hossain, N.-T. Nguyen,
M. J. A. Shiddiky*

&& –&&

An Electrochemical Method for the
Detection of Disease-Specific
Exosomes

Detecting tumor-derived exosomes:
Exosomes are cell derived vesicles se-
creted by both normal and cancerous
cells into the extracellular matrix and in
blood circulation. An electrochemical
assay is reported to directly quantify the
tumor-derived exosomes present in the
total (bulk) exosomes population in bio-
logical fluids.
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