
http://www.nanobe.org

Nano Biomed Eng
2017, 9(1): 57-71.  doi: 10.5101/nbe.v9i1.p57-71.

Review

57Nano Biomed. Eng., 2017, Vol. 9, Iss. 1

Microfluidic Electrochemical Detection Techniques of 
Cancer Biomarkers

Abstract
                         

Microfluidic electrochemical sensors are based on the immune response. Immune charge density or 
electrode potential and other parameters sensitive interface causes a change or cause a power solution 
of the active ingredient (or their related components) to generate or consume, causing the detected 
current or potential. The electrochemical parameters of the law of changing enable the immune 
proteins quantitative or qualitative detection. Since the immune protein molecules themselves are 
typically non-electrochemical activity, and therefore immune electrochemical sensor usually mark 
the electrically active substance or enzyme in the antigen or antibody molecules in solution antigen 
(antibody) immune response and by the immobilized antigen (antibody) the concentration of the 
sample antigen (antibody) after the change of the current signal, causing the electro-active substance 
or enzyme-catalyzed reaction of substrate reaction can be determined indirectly.
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Introduction

Cancer is one of the major diseases of serious harm 
to human health, and the incidence rate showed an 
increasing trend. Colorectal cancer is one of the top five 
cancer causing deaths, with the incidence rate showing 
a clear upward trend. Although its multidisciplinary 
treatment achieved some progression, metastasis is 
still the biggest challenge [1-6]. Approximately 30% 
of the patients were diagnosed with the presence of 
colorectal cancer metastases [7], in five years after the 
primary tumor resection, as well as more than 50% of 
patients with liver metastases. Some scholars reported 
that in the autopsy cases after the deaths of colorectal 

cancer, liver metastases were up to 36% -81% [8]. 
Such a high occurrence rate is an important factor 
affecting the overall level of the treatment of colorectal 
cancer. Thus, colorectal cancer liver metastases have 
been a clinical urgency that needs to be addressed as 
an important issue. So far, patients with metastatic 
colorectal cancer are still the means of monitoring 
blood CEA, the lack of early diagnosis of metastasis [9]. 
In the past five years, the application of targeted drugs 
has brought patients with colorectal cancer overall two 
years of unrespectable survival, and the treatment has 
not been efficient.

Cancer liver metastasis did not occur after a radical 
surgery and it occurred to most patients sooner or 



58 Nano Biomed. Eng., 2017, Vol. 9, Iss. 1

http://www.nanobe.org

later. There is currently no effective way to predict 
which patients are at high risk of liver metastasis. 
Postoperative liver metastasis screening high-risk 
groups, early warning and early intervention are 
of great significance to improve the prognosis of 
colorectal cancer. Stomach cancer is the second largest 
cause of cancer death; it is one of the commonest 
malignant tumor threat to human health. According 
to the statistics report released by World Health 
Organization, world annual incidence rate of gastric 
cancer was 13.86/10 million, second only to lung 
cancer. In China, stomach cancer is still the most 
representative of the high incidence of cancer and 
mortality [6]. The peak age of onset is 50-60 years, 
more among males than among females with the ratio 
of about 2:1. And the past 10 years showed a younger 
trend. The national annual average population dying 
of stomach cancer was 22.7 million; the mortality 
was 23.14/10 million, ranking first in all kinds of 
cancer mortality. About 80% of early gastric cancer 
is asymptomatic, the remaining 20% ​​does not 
have specific clinical symptoms, and can easily be 
considered as peptic ulcers or other gastrointestinal 
disorders and thus neglected. In clinical practice, 
early diagnosis rate increased by 1%, about 16 million 
people in China get a new life, concerned to restore 
the number to one billion dollars in annual losses. 
Clinical emphasis should be focused on early diagnosis 
of gastric cancer. In advanced gastric cancer after 
surgery, the patient survival rate is only 30-40% within 
five years, while in early gastric cancer (EGC) stage, 
namely infiltration into gastric cancer, the 5-year 
survival rate after surgery can be 80-90%. And if found 
in the originating small stage gastric cancer (SGC) 
and minor stomach cancer (MGC) phase, the ten-year 
survival rate can be up to 100% [7]. Therefore, early 
diagnosis and treatment of gastric cancer have a great 
significance on reducing the mortality rate of gastric 
cancer. In China, early gastric cancer detection rate is 
far lower than the world’s advanced level, In Japan, 
early gastric cancer detection and surgical rate is 
over 50%; 5-year survival rate is over 90%. In China, 
these two figures are less than 5%. Early diagnosis 
of gastric cancer is very important in Japan. Barium 
meal and gastroscopy detection are the most important 
means of discovering early gastric cancer. However, 
because these diagnostic instruments strongly rely on 
technical staff, and are time-consuming and costly, 
their universal coverage in China is difficult. By 
contrast, the determination of serum tumor markers 

has the technical advantages of being simple, low-
cost, and easy to promote, it has been widely used 
in China. Hence, the use of serum tumor markers to 
detect stomach cancer has become an important area 
of ​​scientific research. However, how to realize highly 
sensitive and specific detection of these serum tumor 
markers is still a very big challenge. How to use new 
technology to improve the technical methods of the 
pre-warning and early diagnosis of gastric cancer is a 
major public health problem in China nowadays.

Bladder cancer is the commonest malignancy of 
the urinary system, accounting for the fourth in the 
incidence of cancer among American men, and the 
sventh among women in the United States in 2012, 
with 73,510 new cases of bladder cancer, including 
14,880 deaths [8]. Chinese Journal of Clinical statistics 
showed that the incidence of bladder cancer was still 
in the first place in urinary system tumors, with the 
male incidence rate of 14.72/100,000 and the female 
incidence rate of 5.34/100,000 [9]. In the initial 
diagnosis of all patients, approximately 75% were non-
muscle invasive bladder cancer (non-muscle-invasive 
bladder cancer, NMIBC), and 25% were muscle 
invasive bladder cancer (muscle-invasive bladder 
cancer, MIBC) [10]. The five-year survival rate of non-
muscle invasive bladder cancer was greater than 90%, 
but the recurrence rate was as high as 60%-85%, of 
which 20% may progress to muscle invasive tumors 
[11]. According to statistics in the United States, the 
cost of treatment of bladder cancer is the most costly 
among all tumors; the average treatment cost per 
patient is $202,000, twice the cost of lung cancer [12]. 
The latest data showed that in the United States the 
cost for treatment of bladder cancer was $3.98 billion 
in 2010, which was a heavy economic burden [13] to 
the community. 

Bladder cancer has a rapid and high recurrence 
rate. To find a noninvasive method for bladder cancer 
screening in newly diagnosed and postoperative 
monitoring of high-risk groups, and particularly the 
search for the diagnosis of bladder cancer with high 
sensitivity, specificity and convenient monitoring 
methods have important clinical significance on 
improving the survival rate, while reducing the cost of 
inappropriate treatment, and thus have important social 
significance and economic value.

Early detection and diagnosis is extremely important 
for cancer prevention and treatment. Studies show that 
with early detection and timely treatment. 90-95% of 
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cancer can be cured. Tumor marker (tumor marker, 
TM) refers to tumorigenesis and proliferation process, 
produced by the tumor cell itself or by the body’s 
response to tumor cells produced, and to the presence 
and growth of tumor response for a class of substances, 
including proteins, hormones, enzymes, polyamines 
and oncogene products and so on. Tumor markers in 
cancer screening, diagnosis, prognosis, evaluation of 
efficacy and high-risk groups and other follow-up study 
have great practical value. Tumor marker detection 
technology is almost the only effective way and 
means of early detection of asymptomatic. Multiple 
tumor marker protein chip is a high-throughput, high 
sensitivity, high-specificity and miniaturized protein 
analysis technology, but now widely using ELISA 
kits rely on optical detection method for quantitative 
detection in clinics. The detection process needs 
a relatively long time; the operation is relatively 
complex and costly, unable to achieve multi-channel 
simultaneous detection of multiple indexes [13, 14].

In  1951,  Breyer  and Radcl i ff  f i r s t ly  used 
polarography method for the determination by the azo-
labeled antigen, opening the prelude of electrochemical 
immunoassay. After decades of electrochemical 
sensors have become immune sensor in the first 
research [16]. The electrochemical immunosensor 
refers to biological material as the sensing element, to 
an antigen or antibody for the molecular recognition 
element, the electrodes as the conversion element, the 
sensing element by changes in the immune response 
of the signal is converted to an electrical signal 
corresponding to an immunosensor. It combined a 
variety of different electrical analytical techniques 
such as chronoamperometry, cyclic voltammetry, 
stripping voltammetry, pulse voltammetry, and 
differential pulse method. The electrochemical signal 
sensors can be divided into several tyoes according to 
the measurements, including potentiometric immune 
sensors, current-immune sensors, conductivity-type 
immune sensors, capacitive sensors and impedance 
immune sensors. The electrochemical biosensor 
immune sensor has good selectivity, variety, low 
cost of testing for the online technology, etc; also the 
electrochemical detection system may be implemented, 
from sample color and turbidity effects equipment 
required equipment is relatively simple, fast and 
convenient detection of other characteristics. It is 
widely studied and has been gradually applied in the 
detection of serum tumor markers.

Electrochemical sensors are based on the immune 

response. Immune charge density, electrode potential 
and other parameters sensitive interface can cause a 
change or a power solution of the active ingredient 
(or their related components) to generate or consume. 
Since the immune protein molecules themselves are 
typically non-electrochemically active, and therefore 
immune electrochemical sensors usually mark the 
electrically active substance or enzyme in the antigen 
or antibody molecules .

Nanomater ia l -Based  Cancer 
Markers Electrochemical Detection 
Technology

The microscopic structure of nanomaterials has at 
least one dimension in the nanoscale material within 
range. Common materials include nano-metal powder 
materials, non-metallic, inorganic compounds, organic 
compounds, and others of nanometer range. Due to the 
small size of nanomaterials many of the conventional 
materials exhibit significantly different properties, 
including:

(1)  Small  size effect refers to the changes of 
substances with a smaller size caused by optical, 
electrical, magnetic, thermal, chemical and 
catalytic activity and other macro-physical 
properties. Nanomaterials with a small size 
but a large surface area, will exhibit significant 
differencies from conventional materials in terms 
of macroscopic physical properties, such as an 
increase in the absorption of light and generating 
plasma resonance absorption peak frequency shift.

(2)  Surface effect refers to the nature of the change 
when the substance is in the nanometer scale. The 
surface atoms, the specific surface area and surface 
energy become smaller as the size of increasing. 
Since the surface atoms are in a bare state, having 
a high surface energy, they have a high activity and 
high volatile, and it is easy to combine them with 
other atoms to form a stable structure.

(3)  Q u a n t u m  s i z e  e f f e c t :  L e v e l  s p a c i n g  o f 
nanomaterials increases with decreasing size, 
when energy level spacing is greater than 
energy, electrostatic energy, magnetic energy, 
photon energy of the superconducting state of 
aggregation or average energy level spacing when 
nanomaterials It will exhibit unusual characteristics 
different from conventional materials.
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(4)  Mac roscop i c  quan tum tunne l i ng  e f f ec t : 
microparticles (whose total energy is less than the 
potential ridge height) through the barrier arised 
from changes in macroscopic systems.

Nano-mater ia ls  have  been  widely  used  in 
electronics, optics, chemistry, machinery, biology 
and medicine because of their unique nature. In 
biochemistry analysis, nanomaterials also exhibit 
a wide range of applications, including biomarkers 
and imaging, bio-separation and enrichment, super 
sensitive biological samples analysis, and disease 
diagnosis.

Recently, immune sensor based on biological 
enzyme-labeled and combined wi th  the  new 
development of highly sensitive electrochemical 
nanomaterials has become a popular research 
point. Séamus et al. used avidin and biotin specific 
binding [17], prostate cancer antibody (PSA) fixed 
in the matrix of the sensor, and then using the AC 
impedance, prepared by the label-free electrical 
chemoimmunotherapy sensors. For PSA testing, the 
range of the sensor is 1-100 pg/mL; the detection 
limit is 5 pg/mL. Electrochemical immunosensor was 
successfully prepared by fixing the carcinoembryonic 
antibody (CEA) in a polymer and carbon nanospheres 
composite top, and then with a CdS-labeled secondary 
antibody incubation [18]. The CEA detection range of 
the sensor is 0.032-10 ng/mL; the detection limits of 
32 pg/mL. CA125 antibody immobilized on a modified 
polypyrrole nanowires of silicon substrate was 
prepared by the conductivity type of immune sensor 
[19]. The CA125 detection range of the sensor is 1-1000 
U/mL; the detection limit is 1 U/mL. Warsinke using 

gold nanoparticles modified electrodes fixed PSA 
antibody, antigen and after modified with nano-beads 
crosslinked secondary antibody incubation catalase 
labeled the sensor detection limit of 0.5 pg/mL [20]. 
He using functional nano-carbon spheres immobilized 
antibody, and nano carbon ball to mark the catalase 
coupled secondary antibody was prepared by a double 
signal amplification AFP immune sensor [21]. The 
linear range was 0.05-6 ng/mL; the detection limit 
is 0.02 ng/mL. This method has high sensitivity and 
good reproducibility. Li et al. doped with sulfur gold 
magnetic nanoparticles which combined with catalase 
enhancers using for the second antibody labeled [22]. 
To achieve the ultra-sensitive detection of CEA, the 
detection range is 0.01-160 ng / mL; the detection limit 
is 5 pg/mL.

Overvievw of Microfluidic Tech-
nology

Microfluidic chip is a technology platform aimed 
at replacing the various functions of conventional 
chemical or biological laboratories, which involved 
reaction, separation, detection and cell culture, sorting, 
cracking and other basic operating unit integrated or 
basic integrated into a few square centimeters on the 
chip in chemistry and biology, and other fields [23, 24] 
(Fig. 1). In 1995, HP (later Agilent) and Caliper jointly 
launched the first commercially microfluidic chip 
analytical instruments. In the late 1990s, there was a 
group of scientists involved in this field. The “large-
scale integrated microfluidic chip” was published in 
the Science journal which described the integrated 

Fig. 1 Construction of a cancer marker sensor element contained in microfluidics [15].
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valves and hundreds of reactor chip, showed  a simple 
electrophoresis large-scale multi-functional integrated 
laboratory in the chip [25]. Today microfluidic 
chip technology has been listed as one of the most 
important cutting-edge technology of the 21st century. 
October 2003, in the special issue of commemoration 
of its 85th anniversary, Forbes magazine listed the 
15 most important inventions of human influence on 
the future; Microfluidic chip was one of them. As we 
can see, a variety of cell technology of microfluidic 
chip has a flexible combination of controllable and 
integration features. It presents a lot of single cell 
technology features unmatched in the research process, 
especially its integrity and systematic. A  microfluidic 
system has made great achievements in many areas. 
Since the microfluidic system can greatly reduce the 
analysis timeand the risk of contamination. with the 
system have low power consumption, high reliability 
and sensitivity, also it can be integrated multi-channel 
analysis, especially in the individual to take care of 
possible applications. The basic characteristics and the 
biggest advantage of microfluidic lab cell technology 
are the more flexible combination of the miniature 
scale integration. Compared with conventional 
experiments, microfluidic chip has many unique 
advantages:

(1)  Less sample and reagent: microfluidic chip size 
determines the amount of reagent can reach 
nanoliter or picoliter, which greatly reduces 
the consumption and analysis costs of reagent, 
especially that of valuable biological reagents, and 
thus reduces the cost of experiments.

(2)  Shor t  analys is  t ime and h igh eff ic iency: 
microfluidic reaction is usually in nanoliter and can 
be automatically measured in tens of seconds of 
time; microfluidic reaction also can be a complete 
test of the different components, can achieve high-
pass volume applications, which can improve test 
efficiency.

(3)  High sensitivity and accurate results: The amount 
of various reagents in the microfluidic reactor can 
be precisely controlled; the reaction conditions 
can be accurately controlled, which can further 
improve the accuracy of the reaction, to obtain 
more accurate results. It is possible to accurately 
analyze the results  produced by different 
components. 

(4)  Miniaturization and portability: microfluidic 
chip technology will be combined flexibly in a 

variety of units on the tiny platform and large-
scale integration of its basic characteristics, 
which is also its greatest advantage. So you can 
use microfluidic chip production fully functional 
portable instrument for all types of on-site analysis.

According to the existing published papers and 
patents, the development trend of micro flow control 
chip has the following main aspects:

(1)  Instrument miniaturization and miniaturization: 
s tudy of  microf luidic  systems,  mainly in 
capillary electrophoresis on chip miniaturization, 
miniaturization of the detector research is still 
inadequate. In order to achieve the goal of 
portability, further miniaturized and integrated 
detection system is imperative. In terms of 
miniaturization and integration testing equipment, 
the primary task is to achieve breakthrough in 
fluorescence and electrochemical detectors. In 
recent years, the semiconductor laser volume 
reduction, the emergence of short-wavelength 
diode lasers, the light-emitting diode have provided 
favorable conditions for fluorescence detector 
miniaturization. Development of micro-processing 
technology for integrated electrochemical detector 
provides an effective technology platform.

(2)  System integration: microfluidic chip analysis 
systems has been in development for more than a 
decade, and its increasingly gaining high degree 
of integration. But so far the main innovations are 
more concentrated on the separation and detection 
system. The study on how to respond to actual 
sample analysis of the many issues on the chip, 
such as the introduction of the sample before 
treatment is still very weak.

(3)  The size of the microfluidic chip integrated: 
One of the important advantages of microfluidic 
analysis system by MEMS technology is its 
ability to form a certain scale of integration. With 
the current general level of MEMS technology, 
processing hundreds of micron-sized channels or 
other features of the microstructure on a chip with 
only a few square centimeters is not difficult. The 
multiple parallel microfluidic is implemented to 
significantly improve efficiency and reduce any 
possible cost of analysis.

(4)  The development of a variety of detection 
techniques: the variety of micro total analysis 
system, initially induced fluorescence detection 
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method, until now which has remained fairly 
widespread application. The more and more of 
a semiconductor laser have gradually been used 
in some applications, but more for absorption 
spectrophotometry detection [22]. With the 
improvement of micro-processing capacity, 
electrochemical detection method has achieved 
rapid development in recent years [23].

Microfluidic chip is used as an analytical device, 
which is one of the main areas of application 
in biomedical and clinical diagnostics, such as 
genotyping, DNA sequencing, cell research and other 
fields. This review studies the use of microfluidic chip 
in electrochemical detection and screening of serum 
blood cells. Serum is obtained through the microfluidic 
chip filter and on-chip integrated electrochemical 
detection devices, and then the information is read 
from the electrical signal in the sample.

Microfluidic-Based Electroche-
mical Detection Technology

Analytical methods in accordance with the 
carrier and the immune response can be divided into 
homogeneous electrochemical immunoassay analysis 
and heterogeneous immunoassays. Homogeneous 
immunoassay ut i l iz ing l iquid phase ant igen-
antibody reaction is detected. Then the heterogeneous 
immunoassay antibody or antigen is immobilized on a 
solid carrier. In recent years, based on electrochemical 
and homogeneous-phase immunoassay, microfluidic 
chips have made great progress. The former principal 
use of biological molecules electrophoresis separation 
on a microchip for analysis, while the latter is the 
higher sensitive than the use microchannels surface 
area to improve the performance of immunoassay 
methods.

In terms of quantitative methods, electrochemical 
immunoassay microfluidic chips can be divided into 
non-competitive immunoassays and competitive 
immunoassays. In competitive immunoassays, 
analyte and labeled antigen compete for binding to 
the active site on the limited antibody. The lower the 
concentration of labeled antigen is bound to a solid 
support, the lower the signal is, when the detection 
signal is antigen-antibody complexes.. In the amount 
of antibody can obtain the maximum sensitivity, 
the sensitivity depends on affinity of the antibody. 
The detection signal intensity is proportional to the 

concentration of the antigen. Diffusion process has a 
great impact on the strength of the detection signal [24-
27].

In terms of detector means, immune microfluidic 
chip electrophoresis analysis can be divided into 
optical detection and electrochemical detection, of 
which the commonest is the fluorescence detector. 
Many of the devices are based on electrophoresis 
using laser induced fluorescence detection, because it 
has good sensitivity and short response time. In terms 
of fluorescence detection method, the microscope 
is usually focused on the microchannel, and then 
connected with the CCD reading optical signal. The 
other optical detection method further comprises 
a chemiluminescent [28-29] and heat through a 
microscope [30, 31] and so on. Electrochemical 
detection methods are commonly used, including 
amperome t r i c ,  po t en t iome t r i c  me thod ,  and 
capacitance method. The use of current voltammetry 
curves and fixed voltages can make amperometric 
immunoassay. When combined with microfluidic 
chip, electrochemical detection can be divided into 
flow-through, the flow type and flow-through [32]. 
Advantages of microfluidic chips voltammetry are 
applied to detecting tiny electrodes without reducing 
the immunoassay results. In this paper, the first 
classification is reviewed.

Heterogeneous Microfluidic Elec-
trochemical Detection of Cancer 
Markers

Heterogeneous immuneoassay requires separation 
of free and bound label prior to detection. Microfluidic 
chip-phase immunoassay mostly antibodies (sometimes 
antigen) immobilized on a solid support.  The 
advantage is in the antigen from dilute solutions which 
is concentrated to a solid phase carrier surface enriched 
by washing, you can achieve the antigen-antibody 
complex and separation of free antigen or antibody. 
This method is characterized with small antibody loss, 
rapid analysis, can be reused, high sensitivity and low 
detection limits. The different antibodies are fixed to 
different parts of the microchip, form an array, and thus 
achieve polyhydric immunoassay.

The use of beads as the solid support

Microfluidic immunoassays use beads as a solid 
support which is a unique advantage compared to 
conventional immunoassays. Firstly, the detection 
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areas for microchip increase. For example, 0.1 μm 
in diameter of beads can produce ​​about 60 m2 of 
surface area [13]. Antigen or antibody is immobilized 
on the surface of the microbeads, and can effectively 
reduce the diffusion of sample to the surface, thus 
reducing the incubation time of the immune response, 
and accelerating the immune response analysis 
rate. Secondly, the use of physical fields including 
pressure field, electric field and magnetic field can 
effect surface modification antigen or antibody 
beads to transfer into micro ducts. Thirdly, the beads 
may have different surface modification methods, 
introducing different functional groups to play 
different roles in the microfluidic chip. Finally, the 
magnetic field can be controlled in the microchannels. 
Ko et al [32] developed a detecting three cancer 
markers (AFP, CEA, PSA) of the microfluidic device. 

Based on the sandwich form, polystyrene beads are 
connected by biological avidin antibody. The catalytic 
solution is formed on the surface of metallic silver 
nanoparticles, then after deposition, increases the gold 
particle diameter, and thus plays the role of a bridge 
constructed in a platinum microelectrode bottom, and 
thereby reduces the resistance, and thus play effect 
detected (Fig. 2).

Electrochemical immunoassays are used to some of 
the more common antibody - antigen electrochemical 
test. Sato developed a micro quartz weir structure, 
the adsorbed immunoglobulin A (s-IgA) chip fill 
with polystyrene microbeads, microbeads entrapped 
in micro weir at the glue binding gold flowing s-IgA 
reaction channels with beads [15, 16]. They also 
used this chip and beads to develope a sandwich 
immunoassay method (Fig. 3), and with the same 

Fig. 2 Electrical analysis and detection: (a) surface covered with antigen bead enrichment; (b) the antigen-antibody reaction; (c) an 
antibody-gold coupling reaction; (d) silver beads wrapped amplified signal [32].

Fig. 3 Immunosorbent microfluidic chip schematic analysis [16].
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principle further proposed a four-channel microfluidic 
chip immunoassay (Fig. 4), so that the analysis 
efficiency is greatly improved.

Using polystyrene beads as a carrier has been 
extensively studied in combination immunoassay 
fluorescence detection. Haes et al fabricated a 
microfluidic chip pipe [32] (Fig. 5) with a double 
weir structure (double-weir structure), using fixed 
microbeads. In the surface of the polystyrene beads 
modified by chemical methods staphylococcal 
enterotoxin B (SEB) antibodies, and is fixed to the 
channel. The fluorescent labeled antigen flow through 
the pipe and sufficiently reacted with beads, and then 
SEB was added unlabeled antigen. Fluorescence 
unlabeled antigen avidity and affinity of the antibody 

is much greater than the labeled antigen and antibody. 
Labeled antigen will be replaced at outlet, and 
unlabeled antigen and antibody immune complex is 
formed, antigen signal on the microarray. Proportional 
to the signal strength and antigen concentration, 
analysis takes only 20 min. The detection limit was 
28.5 fg/ml); the linear range spanning six orders of 
magnitude (1 fM-1 nM). The system for detecting 
the actual biological samples (bovine serum albumin, 
casein and milk) in the target biomolecules also has 
a high sensitivity (10 pM), but the actual biological 
sample pretreatment is required prior to testing. In 
addition, the optimization of the experimental program 
of the washing step can improve the quantitative nature 
of the process. The sample will be contributed to the 

Fig. 4 Immunosorbent assay quartz glass microchip: (a) a schematic view; (b) reaction and the detection site; (c) microchips and 
microbeads gather photograph [17].

(a) (b)

(c)

reagents
inlet

sample
inlets

A

B

C

D

Outlet

pump
polystyrene deads

detection

50
 m

m

250 µm

10 µm 500 µm
100 µm

70 mm
reaction area

Fig. 5 The microchip with dual weir structure [32].

0

6.5 11

he
ig

ht
 (µ

m
)

width (µm)
25 µm

50 µm

buffer outlet

sample 2

1(c)

sample 1 sample 3

beads
bufferSEB*

50 µm

3

2

−8

(a) (b)



65Nano Biomed. Eng., 2017, Vol. 9, Iss. 1

http://www.nanobe.org

development of new methods of microfluidic sample 
pre-enrichment.

Shin et al made a microbeads cavity microfluidic 
chip [33]. In the first, they used off-chip chemically 
modified antibodies on the microbeads, the antigen 
and the antigen fluorescently labeled and then hit 
by a negative pressure into the chamber, and the 
fluorescence reaction of detection were happened 
in the chamber. Yasukawa et al using of negative 
dielectrophoresis  techniques formed a cage in 
the microchannel [34], in which the sandwich 
immunoassay and fluorescence detection took place. 
The reaction time was 40 min; the detection limit 
was 1.4 nM. The magnetic beads can be used as solid 
support. This can be controlled with a magnet on 
the beads. Hayes et al using beads as a fixed vector 
[35], the pressure-driven flow established on-chip 
immunoassay system. Microfluidic chip does not 
require special processing structure; the magnetic 
beads is fixed to the channel surface, performed 
immunoassay sandwich method, the immune response 
of timewas only 10 min. Fluorescence detection of 
the reaction measured discharge microbeads at the 
end of the retreat to the magnetic field. This approach 
simplifies the microfluidic chip processing with a 
more convenient operation. Choi et al developed a 
electromagnet embedded microfluidic chip channel 
[36], the antibody-modified magnetic beads introduced 
to microchannels, the different antigens flow through 
the channel. It occurs only with the target antigen-
specific response. After that the reaction is incubated 
with the antigen immobilized on magnetic beads 
labeled. Finally the magnetic field can achieve the 
purpose of measuring target antigens from different 
kinds of antigens. Kim et al developed an outer chip 
beads fluorescently labeled by the sandwich method 
which was connected to an antibody, the antigen and 
labeled super paramagnetic nanoparticles [37]. Since 
the magnetic field is perpendicular to the channel, 
the magnetic and non-magnetic beads are separated 
during flow todetecte with a fluorescence detector. The 
microfluidic chip used to rabbit IgG and mouse IgG 
simultaneous detection, detection limits reached 244 
pg/ml and 15.6 ng/ml. However, the immune response 
are all outside the chip; it takes multi steps and is time-
consuming (30 min or more). The chip only does the 
separation and the detection, but is not conducive to 
on-site testing [38-39].  Dodge also used as a carrier 
immune response microbeads sandwich method. All 
reactions were outside the chip [40]. Microbeads 

were injected into the chip after the reaction. The 
use of enzyme-catalyzed substrate was subjected to 
electrochemical detection. After repeated use of fixed 
antibodies, the immune reactivity may decrease. In 
order to ensure the accuracy of the results and the 
reproducibility, each of bead recyclable are use to 
surfaceso that each of analysis is used the new antibody 
modified microbeads [41-42]. Compared to other fixed 
carrier antibodies, antibody immobilized carrier beads 
ares easier to achieve surface renewal, but filled with 
beads and exhaust operates with a certain degree of 
difficulty. Beads may also be adsorbed on the channel 
walls or electrode, blocking the channel and reducing 
channel inner or scatter light.

The use of channel wall for support
Antibody immobilized on the surface in the channel 

has a high specific surface area. There are direct 
fixation adsorption and covalent bonding on the wall. 
Hydrophobic interaction can be fixed directly to the 
wall of the antibody, but because of its conformation 
changes, the reactivity is decreased. In order to reduce 
the protein molecules and small molecules in the 
non-specific adsorption [21]. According to Liu et al 
consisting of PMMA carried polyimide (PEI) modified 
itself surface, the modification of surface usingamine 
functional groupscan be combined with the antibody 
[39]. Covalently linked with glutaraldehyde as liver 
cancer markers AFP, in the introduction of two top 
anti-horseradish peroxidase HRP sandwich structure 
constituted by using a secondary antibody labeled 
AFP concentration, and carry out differential pulse 
volt in H2O2 and 2-amino-phenol An assay (DPV), the 
detection limit can reach 1 pg/mL. According to Dodge 
et al channels in the local area glass chip by physical 
adsorption of protein A. The use of protein A and rabbit 
immunoglobulin (rIgG) allows higher affinity between 
the antibody and the antibody on the channel walls [40]. 
This method avoids direct modification of the antibody 
in the channel walls of its active site which cannot be 
fully exposed to the outside, and r-IgG immunoassay 
using direct and competitive immunoassay. Eteshola 
et al. reported that the PDMS chip achieved a 
heterogeneous immunoassay sheep immunoglobulin 
IgM [41]:  f i rs t ,  the BSA were modif ied in a 
microchannel wallusing the glutaraldehyde-activated, 
and then bonded protein A to the BSA of inner wall, 
thereby enabling the capture of antibodies specifically 
bonded to protein A. When sheep IgM analyte through 
the microchannel was captured by primary antibody 
labeled with horseradish peroxidase (HRP) secondary 
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antibodies catalytic substrate p-hydroxyphenyl pyruvic 
acid (HPPA) oxidized to produce fluorescent substance 
immunoassay, the detection limit was 17 nmol/L. Jang 
et al reported a three-electrode system in the machining 
surface of the glass substrate and the surface of 
integrated surface functionalized PDMS channel 
[42]. In the PEG-modified PDMS channel surface 
monolayer and connected biological avidin, PEG 
reduces the effect of non-specific adsorption caused 
by biological avidin which is used to connect antibody 
[43, 44, 45] (Fig. 6). Their group also developed IDA 
electrode based microfluidic chips which is also used 
for immunoassays.

Hosokawa developed a unpowered injection 
immunoassay such as the use of air high solubility 
in PDMS and diffusion speed characteristics. The 
chip structure is simple and easy to use [45] (Fig. 
7). The sandwich-phase immunoassays have been 
studied. The first antibody modifications to the inner 
wall, then using fluorescence assay rabbit IgG and 
human C-reactive protein (C-reactive protein). The 
immunoassay time (including antibody fixed time) was 
20 min; the detection limits were 0.21 nmol/L and 0.42 
nmol/L. According to Rossier et al., carbon electrodes 
were embedded in the channel wall, and then the 
antibody were fixed in the channel surface [46]. Since 
the microchannel has a large surface area and small 
diffusion distance immunological reagents, each step 
of the immune response incubation takes only 5 min.

The electrode surface as a solid support
Some microfluidic immunoassay chips are only for 

micro-channel flow control, and the immune reaction 
take place the electrode surface and is detected. 
Aguilar et al. fabricated the microelectrodes integrated 
microfluidic immunoassay chip, effectively shortening 
the analysis time, saving the immunological reagents, 
and achieving a better sensitivity [47]. Dong et al. 
produced a double annular electrodes embedded (dual-
ring electrodes) immunoassay microchip [48]. On 
this basis, they turn around the electrode placed in a 
cavity embedded with a similar electrodes structure. 
The use of micro-channel reagents introduced into the 
chamber for analysis, As shown in Fig. 8 [50]. The 
chip integrates the entire analysis steps; including a 
probe which is fixed, sample injection, incubation and 
electrochemical detection. Sandwich immunoassay 

Fig. 6 (a) Utilizing the assembly of three electrodes immune PDMS chip. WE: working electrode; CE: counter electrode; RE: 
reference electrode; (b) inside the PDMS pipes immunity measurement [44].
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was performed for the mouse IgG; the detection limit 
was 10 ng/ml, the linear of range was in the range of 
100 ng/ml-10 μg/ml. Nashida et al. developed a valve 
controlling injection and washing microfluidic chip 
[50]. Micro-channel liquid in the central pipeline will 
be sandwich immune response and electrochemical 
detection. Such microchips in common are that the 
modified antibody electrodes are enclosed in a chamber. 
The use of electrochemical detection signal enzymatic 
reaction in a substrate enables a high sensitivity and 
selectivity. During the analysis, automated fluid control 
device simplifies the steps to improve the efficiency of 
the analysis. The chip production process is relatively 
complicated, including micro-valves, channels, the 
embedded electrode modification and the like. As one-
time use, the cost is large, but for repeated use, the 
modified electrode replacement operation will be more 
complicated. However, some improvement in the chip 
design can achieve multi-channel immunoassays.

H o m o g e n e o u s  M i c r o f l u i d i c 
E l e c t r o c h e m i c a l  D e t e c t i o n 
Technique of Cancer Markers

Homogeneous  microf lu idic  cancer  marker 
immunological reagents and analytes technique was 
present to design some structures on the microfluidic 

chip in the same phase, so that they flow into the 
pool from a different immune response in the micro-
micro-channel. Since immunological reagents and 
substrates used the liquid phase, the flow operation is 
relatively easy, and it is easy to achieve a variety of 
analysis functions integrated. After a homogeneous 
immunoassay antibody is immobilized and washing 
steps, without regard to the solid phase non-specific 
adsorption on the carrier, but the immune reaction 
formed a composite which normally took the mixture 
to separate in order to achieve detection.

Homogeneous electrochemical immunoassay 
antibody-antigen complex generates a flag signal. 
No fractional binding and reactions in the immune 
process, which produces a number of heterogeneous 
electrochemical immunoassay, because of no antibody 
were immobilized and washed steps, there is no solid 
non-specific adsorption. But homogeneous reaction and 
the detection limit is often worse than the sensitivity 
heterogeneous reaction. Homogeneous reaction 

Fig. 8  A schematic diagram of the microfluidic chip 
electrochemical immunoassay [50].

Fig. 9 (A) 16 square silver gold electrode and the common 
electrode and silver reference electrode electrochemical 
immunoassay array; (B) microfluidic chip electrode array 
Annex: (a) holder; (b) the electrode array; (c) two-sided duct 
tape adhesion; (d) fluid chip; (e) plug connector; (f) strut [52].
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usually requires higher detection concentration, 
and the purification step requires special samples. 
The most commonly application is electrochemical 
capillary electrophoresis (CE), and antibody immune 
complexes based on their different electric mobilities 
are distinguished. Zhang et al reported that the CEA 
and AFP of biomarkers were labeled antibodies; the 
immune complexes were isolated and injected into 
the sample cell, and then injected the sample cell 
in another enzyme complex; electrochemistry is 
performed at the end of the pipeline amperometric 
detection chamber. The detection time of the four 
immune complexes (anti-AFP-HRP, anti-CEA-HEP, 
AFP-anti-AFP-HRP and CEA-anti-CEA-AFP) were in 
less than 60 s [51].

Multi-Biomark Detection Tech-
nology

Multi-samples analyzed using a single microfluidic 

chip is becoming a trend, especially in biology and 
clinical diagnosis. The sample includes a variety of 
analytes. Henry et al. invented a low-density electrode 
array chip for detecting cancer markers (Fig. 9). 16 
electrodes are arranged in the form of 4 × 4 in the 
middle of the “sandwich” type of chip, wherein the 
chip includes a fluid conduit, a sump, valves, and the 
detection electrode. 16 detection electrodes can handle 
the signals generated by CEA and PSA [52].

Ko et al. designed a microfluidic chip as shown in 
Fig. 10 [53]. The chip was fabricated in the electrodes 
on the glass as well as PDMS piping components. 
An entry is added to the sample and reagents; another 
entrance to combine with an antigen beads and another 
outlet. Micro-pillars at each monitoring chamber 
capture microbeads. This method can simultaneously 
detect CEA, AFP and PSA markers.

Chen et.al developed an amicrofluidic chip including 
blood cell filtration, antigen capture, online testing. 
Preliminary work has been carried out blood cells in 
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Main inlet
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Pt metal line
Connection pad

Outlet
Glass

2 mm

41.85 mm36 mm

53.9 mm

12.5 mm

37 mm

A

(a)

(b)

Fig. 10 PDMS-glass electrochemical immunoassay sensor chip: (a) 3D design; (b) chip photo [53].
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micro-structure of all filters (Fig. 11) for immunoassays 
detection of ongoing serum [54, 55].

Reymond [56] reported the development of an 
automated microfluidic immunoassay platform. The 
immune chip consists of a set of gold electrodes 
which are arranged linearly, independent and separate 
from each of components in channel. Similar to 
the traditional 96-well plates, the micro-pipe is in 

accordance with the automation to match with the other 
devices. Each immune chip can run eight independent 
experiments (Fig. 12).

Conclusions

Electrochemical detection of cancer markers in 
multiple interdisciplinary technologies is the result 

Fig. 11 (a) Blood cell filter chips; (b) without diversion cap structure; (c) there are diversion cap structure; (d) without diversion cap 
structure SEM photographs; (e) photographs capture blood cells [54, 55].
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Fig. 12 GRAVI-Chip: (a) the upper 8-channel chip, reservoirs and circuit, a cross-sectional view; (b) micro-pipe and integrated 
electrode array; (c) the commercialization of GRAVI-Chip [56].
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of comprehensive development. Electrochemical 
sensing technology makes cancer immune markers 
more sensitive and effective. The microfluidic system 
integrates markers’ capture, detection and reading 
on one chip, greatly reducing the testing cost and 
improving the detection efficiency. The new technology 
enables the integration of multiple on-chip laboratories 
which have become more powerful. The future trend in 
electrochemical detection of cancer marker technology 
is toward a smaller, portable, high-throughput system 
with a large range of applications from detecting a 
single cancer to predicting the further development of 
the various stages of prognosis of cancer.
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