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Abstract: Cell-based biosensors represent the next revolution in medical diagnostics, offering a number of significant
advantages, such as high speed, portability and low cost. The present review focuses on the most successful technologies
used for the detection of ultra-low concentrations of bioactive analytes (such as metabolic markers and pathogens) in

clinical samples.
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INTRODUCTION

Improvements in the sensitivity of determination of clini-
cally important analytes promise advances in the ability to
detect diseases at an earlier stage, when treatment can be
most effective. Other advances are in the pipeline in the way
of non-invasive and minimally invasive monitoring tech-
nologies, which may improve the management of chronic
diseases. The estimated worldwide market for diagnostic
products is over US$ 30 billion, with an average annual
growth rate of 34%. Rapid assay methods and serological
techniques present the fastest growing technological sectors,
while particular areas of applications expand in the following
order: microbiological analyses>immunological tests>clinical
chemistry [1]. The momentum of this development is main-
tained by the presentation of more cost-effective solutions,
especially through automation [2].

Blood and urine samples are used to assess a multitude of
body processes and disorders. Healthcare economics dictate
that diagnostic testing should be performed accurately and in
the least amount of time possible [3], i.e. tests should not
have to be repeated due to technical problems. Multiphasing
screening machines can perform many blood tests quickly
and simultaneously using very low sample volumes. As a
result of these increasing capabilities, there are more than
250 different blood tests and more than 60 urine tests cur-
rently available. Assays are largely based on immuno-enzy-
matic methods, such as the enzyme-linked immunosorbent
assay (ELISA), which has replaced radio-immunoassays as
the microbiologists” favorite method [4]. Among the major
advantages of immunoenzymatic systems belongs the vast
scope of their applications, ease of operation and, in most
cases, a reasonable cost per sample assayed. However, the
equipment required for conducting assays by the currently
available technology, in particular integrated equipment for
automated analysis, is expensive and space-consuming, while
there is an additional requirement for trained personnel and
laboratory infrastructure [5]. Moreover, the time needed for
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running a complete analysis varies between a few hours to
several days, thus limiting the usefulness of these methods
for routine medical diagnostics [6]. Therefore, conventional
methods of analysis have considerable disadvantages as far
as the issues of practicality, time and, in some respect, cost
of each analysis is concerned.

From a commercial point of view, and especially for
complex applications, such as the detection of viruses and
other pathogens or the determination of short-lived metabo-
lites (such as free radicals), the lack of available rapid and
cost-efficient methods is inevitably associated with an inabil-
ity to meet the ever-increasing demand on diagnostic assays
[7-11]. Within the framework of existing technologies, and
due to the considerable requirements in labour and capital, it
is practically impossible for many private and public diag-
nostic laboratories to run screening tests on a scale-up level.
The ability to detect rapidly, at low cost, very low levels of
biological agents in liquids and gases offers highly useful
tools to the biomedical society.

When novel medical diagnostic technologies are de-
signed, a number of desired traits must be taken into consid-
eration. First of all, a novel system or analytical principle
must be superior to existing methods in terms of high speed,
reproducibility, accuracy, selectivity, sensitivity and storabil-
ity. Furthermore, it is desirable to have a low manufacturing
and assay cost, a minimal sample volume and minimal sam-
ple preparation time. Medical professionals would also like
to be able to monitor at real-time conditions and retrieve as
much information as possible during a single assay. Finally,
an ideal clinical diagnostic tool should be as compact and
portable as possible [12].

CELL-BASED SENSORS

A biosensor is a device that detects, transmits and records
information regarding a physiological or biochemical change.
Biosensors represent the most recent and advanced technol-
ogy in diagnostics and analytical chemistry. In recent years
there has been a rapid increase in the number of diagnostic
applications based on biosensors, including live, intact cells
and -in some cases- tissues, organs or whole organisms [13-
15]. Whole cells provide multipurpose catalysts, particularly
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in processes that require the participation of a number of
enzymes in sequence; therefore, the utilisation of whole cells
as a source of intracellular enzymes is often a better alterna-
tive to purified enzymes in various industrial processes. Cell-
based biosensors are likely to have improved stability, higher
biocatalytic activity, adding low cost in their favour, while
their greatest advantage is their ability to provide physiologi-
cally relevant data in response to an analyte and to measure
the biovailability of the analyte [16].

Research activities in the field of cell-based sensors are
rapidly increasing. The number of published reports on cell
biosensors increased by almost 70% from 2002 to 2004, rep-
resenting one quarter of all biosensor-related publications
and conference presentations [13]. However, very few of the
constructed sensors have been commercialized. The few that
have become commercial products are generally used for the
detection of a range of substrates and are based on biochemi-
cal oxygen demand (BOD) measurement. Most of the bio-
sensors reported use bacterial cells as the sensing element
[17-20]. Breakthrough advances in animal cell storage ca-
pacity are expected to increase the commercial applicability
of cell-based sensors for high throughput pharmaceutical and
disease screening. These may result either from improved
immobilization substrates, or from the development of func-
tional micro-chamber systems, integrating different micros-
ensor arrays for measuring physical and chemical parameters
of cultured cells. In addition, the development of trans-
formed cell lines with an absolute specificity against target
compounds, has demonstrated the possibility of constructing
biosensors with essentially zero false negative or false posi-
tive results.

CELLULAR SENSORS: THE PROS AND THE CONS.

One of the traits that make cell biosensors attractive as a
clinical analytical tool is their considerable sensitivity, which
is assumed to enable, in some cases, the possibility of detect-
ing just a single target molecule. This theoretical assumption
is based on the intricate interaction in nature, which has
emerged as aresult of relentless trial-and-error testing through
countless millennia and allows cells to respond to individual
molecules and organisms in rather precise and reproducible
ways. This ability, however, comes at a cost, or, rather, a
compromise: due to the fact that cells can react in roughly
the same manner against an amazingly large number of dif-
ferent molecules, cell sensors can exhibit a very poor selec-
tivity. This is a very common problem in toxicity assays,
where cell sensors successfully detect the presence of a toxic
(or genotoxic) compound, but generally fail to determine the
exact nature of the toxic analyte [21-23].

In recent years a number of cell transfection methods
have been developed for increasing cell specificity, with
considerable success. Cell transfection methods are based on
the cellular uptake of foreign DNA by, mainly, human B
cells, therefore leading to the expression of membrane-bound
receptors [24-27]. A quite renowned application is the CA-
NARY (Cellular Analysis and Notification of Antigen Risks
and Yields) system developed by MIT Lincoln Lab. CA-
NARY has been used for the detection of Yersinia pestis and
other pathogens [28]. However, the applicability of cellular
transfection is limited by the lack of stability and the fre-
quent, unwanted alteration of cellular phenotype.
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An alternative approach to cell transfection is the re-
cently developed technology of membrane-engineering [12,
29]. It is a generic methodology of artificially inserting (usu-
ally by electroinsertion) tens of thousands of receptor mole-
cules on the cell surface, thus rendering the cell a very spe-
cific responder against analytes binding to the inserted recep-
tors. Receptor molecules can vary from antibodies to en-
zymes or to polysaccharides. The working assumption of the
method is that attachment of the target molecule to its re-
spective receptor causes a change in the cell membrane
structure, which is measurable as a change in the cell mem-
brane potential. This has been proven so far in a number of
applications, the most prominent being the detection of
Hepatitis C virus (HCV) and the determination of very low
concentrations of superoxide anion in clinical samples. As
demonstrated in Fig. (1), detection of HCV with membrane-
engineered cells is more sensitive than conventional ELISA
assays, but test results derived from either method correlate
well to each other.

A second point in favor of cellular sensors, in particular
when the detection of pathogens is needed, lies in their in-
herent similarity with cell culture, namely the dual character
of a detection system that is also a host of the pathogen un-
der detection. The culture of cells for detecting and even
determining the presence of a pathogen is considered as the
golden standard of the diagnostic community. However, sev-
eral weeks may be required before a clearly defined symp-
tom is observed in a test culture [30-32]. On the contrary,
cell sensors required significantly less time (from a few mo-
ments to a day) in order to produce a reliable result. This is
very important, because the ability to detect a single type of
molecule is not necessarily associated with the ability to
evaluate the virulence of a pathogen. For example, viral
strains expressing novel antigens may escape detection by
the most advanced immunoanalytical systems. Nevertheless,
they will be detected by an appropriate cell biosensor, pro-
vided that the cells used in the analytical system are suscep-
tible (or responding otherwise) to the virus under detection.

A critical issue limiting the broad application of cellular
sensors is their unsatisfactory storability. This can be ex-
tended by providing cells with an adequately controlled cul-
ture environment, which in turn requires controlled nutrient
medium flow and, in the case of animal cell sensors, a CO,-
enriched culture atmosphere and a constant temperature
of 37°C [33]. These conditions can be satisfied by means
of sophisticated equipment (such as pharmacological cell
screens, which are discussed next), but are certainly hard to
meet with portable, low-cost biosensor units. Currently, ad-
vanced cell sensors are based on cell immobilization rather
than cell culture.

THE TRANSDUCTION OF THE SIGNAL: AVAIL-
ABLE OPTIONS

Biosensor responses representing cellular signaling events
are usually employing some sort of optical detection tech-
nology. This is mainly due to the advent of cellular engineer-
ing to include optical or luminescent reporting elements in
cells [34]. Another approach is based on cross-linking anti-
gens with membrane receptors, which results in a detectable
increase in the concentration of cytosolic Ca*" [35]. An ex-
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Fig. (1). Correlation between the response of the BERA-HCV sensor and the corresponding antibody titer as determined by conventional
ELISA assay (Abbott Laboratories microparticle-based chemoluminescent assay for the detection of HCV core antigen). Note that the corre-
lation between the two assays is high at high virus concentrations but is practically zero at virus concentrations below the detection limit of
the immunoenzymic assay. Results were received after analyzing a total of 50 HCV(+) blood samples collected from patients of the Hippok-
rateion General Hospital (Athens, Greece) (source: author’s own research, unpublished results).

ample is presented in Fig. (2), whereas the depletion of cal-
cium ions from cells bearing virus-specific antibodies was
observed after treatment with either Hepatitis virus B (HBV)
or HCV-positive samples [12, 36]. The same approach has
been used for the detection of low concentrations of oxidized
glutathione in blood samples, using membrane-engineered
cells bearing glutathione reductase on their membranes (Fig.
(3)) [37]. The instrumentation used in order to detect visible,
fluorescent, or luminescent signals from cells or tissues, in-
cludes microscopes, fiber optics, CCD cameras and other
optical equipment [13].

A

Fig. (2). Changes (expressed as differences in fluorescence inten-
sity) in the intracellular Ca’" concentration in membrane-
engineered Vero cells bearing HCV-specific antibodies before (A)
and after (B) incubation with a Hepatitis virus C (HCV)-positive
sample. Virus attachment to cells caused a rapid decrease of
[Ca“]cyt, which could be quantitatively measured by means of fluo-
rescence spectrometry and correlated with viral titre in the sample
(source: author’s own research, unpublished results).

Using a different approach, electrically active cells can
be interfaced with microelectrodes which allow the capture
of extracellular spikes or impedance changes associated with

cellular or tissue response. An example is the Bioelectric
Recognition Assay (BERA) which has been originally de-
veloped for the detection of human viruses (HBV, HCV,
herpes viruses) and veterinary disease agents (foot and mouth
disease virus, prions, blue tongue virus) on the basis of their
specific interaction with appropriately immobilized, mam-
malian cells and the measurement of the change of the elec-
tric potential that is caused by the aforementioned interaction
[38-40]. Recently, the method has been used for the routine
detection of tumour-specific antigens in clinical samples
[41].

Fig. (3). Reduction of the intracellular Ca*>" concentration before
(A) and after (B) treatment of membrane-engineered Vero cells
bearing glutathione reductase (GR) with SmM oxidized glutathione
(GSSG). Bars represent 70 um. Changes in cellular fluorescence
intensity were futher used for the quantitative determination of
GSSG in standard solutions and unknown (modified from [37]).

Fluorescence-based systems are less practical than elec-
trophysiological ones, since they are not suitable for quanti-
tative determinations. They are also far more expensive than
electrode-based techniques [42]. Fluorescent dyes may also
have considerable side-effects on cellular physiology, such
as uncoupling of respiratory inhibition and membrane per-
meabilization [43, 44] and may interfere with the assayed
cell parameter [45].
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SYNTHETIC TISSUES FOR PHARMACOLOGICAL
RESEARCH

In vivo pharmacological studies using animals provide
information on complex intercellular and organ-to-organ
effects not readily accessible from in vitro tests. However, in
vivo studies have many and significant disadvantages: they
are expensive, labor intensive and time consuming, while
ethical concerns have decreased their popularity in recent
years. [n vivo assays are essential because of the complex
nature of vascular responses to test reagents, responses that
no in vitro model can fully achieve [46].

In vitro cell-based assays are valuable, can be carried out
expeditiously, and lend themselves to quantification, but
they are more difficult and time-consuming to perform, and
therefore limit the number of tests that can run at any one
time. Furthermore, they are often of limited predictive value
because they do not represent accurately the complex envi-
ronment to which a drug candidate is subjected within a liv-
ing organism. Consequently, in vitro tests are best viewed as
providing initial information that is subject to confirmation
by in vivo assays.

Common in vitro assays refer to cell proliferation (usu-
ally determined by colony formation assays, flow cytometry
and use of selective stains for DNA and RNA determination)
and cell viability, while a number of assays that correlate
with either functional or reproductive cell capabilities have
been developed. These usually employ criteria such as the
assessment of survival and growth in tissue culture, func-
tional assays, metabolite incorporation and membrane integ-
rity [47, 48]. Different methods do not necessarily correlate
well to each other, while the usefulness of conventional as-
says is often limited by technical and practical considera-
tions.

In recent years, various biosensor designs have emerged
that are oriented towards facilitating pharmacological screen-
ing based on cell proliferation and/or viability assays. The
progress in three-dimensional microfabrication technology
has opened new possibilities for miniaturising epithelial cell
culture and analysis devices. Miniaturisation offers high po-
tential for both fundamental research and clinical diagnos-
tics. Most, if not all, of these systems are based on assaying
parameters of a cell suspension culture [49-51]. The activa-
tion of cellular receptors usually causes transient or sustained
increases in acidification rate, i.e. the excretion of lactic and
carbonic acids formed during the energy metabolism. The
archetypal silicon microphysiometer invented by Owicki and
Parce [52] was developed as a biosensor-based instrument
that detects changes in the physiological state of cultured
living cells by monitoring the rate at which the cells excrete
acidic products of metabolism. Furthermore, other research-
ers opted for the measurement of surface pH [53] or electri-
cal properties [54].

Mammalian cells can be immobilized in polymers, such
as collagen matrixes, which represent the material that is
closest to the natural tissue environment. In this way it is
possible to construct functional 3-D cell-based biosensor
platforms [55-57]. A particular group of immobilized cell
systems are spheroid cultures on polymer-coated culture
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surfaces [58] or in a porous substratum [59, 60, 61]. Sphe-
roids are three-dimensional organoid cultures, in particular
hepatocyte cultures; isolated primary cells in this culture
type spontaneously form spherical multicellular aggregates
and maintain their morphological and functional characteris-
tics in vitro [62, 63]. By combining microfabrication and
microcontact printing techniques, it is possible to pack pri-
mary hepatocytes in dense spheroid microarrays, maintain-
ing liver-specific phenotypes, such as liver-enriched trans-
criptional factors, albumin secretion, urea cycle enzymes,
and intercellular adhesion molecules. In spite of the useful-
ness of the spheroid culture technique, several obstacles hin-
der their widespread use for biological application, such as
the inability to immobilize spheroids at a defined location
and cell necrosis occurring within the core of large and coa-
lesced spheroids because of oxygen depletion [64, 65].

A popular system is the HYREL®, originally developed
at Cornell University. HuRELs are patented microfluidic
circuits that can reveal interactions among multiple tissue
types and one or more pharmacologic compounds. The sys-
tem is currently available in a commercial version [66]. The
physical features of a HYREL® embody parametric values
derived from a physiologically-based pharmacokinetic model.
The geometry and fluidics of the device are fashioned to
stimulate the values for drug residence time, circulatory tran-
sit time, organ cell density, tissue size, shear stress, and cer-
tain other physiological parameters found in the living ani-
mal, so as to mimic the fluid-mediated interactions of the
organ systems represented in the microfluidic circuit [67]. A
HuREL® microfluidic circuit comprises an arrangement of
separate but fluidically interconnected “organ” or “tissue”
compartments. Each compartment contains a culture of liv-
ing cells drawn from, or engineered to mimic the primary
functions of, the respective organ or tissue of a living animal
(Fig. (4)) [68-69]. Typically, four organ compartments are
included in each device: a “liver” compartment to represent
the organ primarily responsible for xenobiotic metabolism, a
“lung” compartment to represent a target tissue, a “fat” com-
partment to provide a site for bioaccumulation of hydropho-
bic compounds, and an “other tissues” compartment to assist
in mimicking the circulatory pattern in nonmetabolizing,
nonaccumulating tissues. Micromanufactured HuREL® bio-
chips are placed in an appropriate CO, environment and in-
cubated at 37°C. Microfluidic channels between the com-
partments permit a culture medium that serves as a “blood
surrogate” to re-circulate as in a living system. Drug candi-
dates of interest are added to the culture medium and al-
lowed to re-circulate through the device. The effects of drug
compounds and their metabolites on the cells within each
respective organ compartment are detected by measuring or
monitoring key physiological events.

HuREL® was used to test the cancer chemotherapeutic
pro-drug tegafur. Tegafur itself is inactive, and requires
metabolic activation by cytochrome P450 enzymes present
in the liver to generate the cancer cell-killing metabolite 5°-
fluorouracil (5-FU) [70-71]. Both tegafur and, separately, 5-
FU were tested in a HuREL® device containing hepatocytes
cultured in the liver compartment and colon cancer cells cul-
tured in the "target tissue" compartment. Tegafur was added
to the recirculating culture medium and pumped through
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Fig. (4). Schematic representation of the H#REL microfluidic cell
circuit. (A) Input, (B) gas exchange champer, (C) target tissue cul-
ture chamber, (D) liver cell culture chamber, (E) adipose cell cul-
ture chamber, (F) other tissues, (G) output (modified from [69]).

Hurel™ devices at various concentrations for 24 hrs. Follow-
ing drug exposure, the Hurels™ were treated with the mem-
brane-permeable nucleic acid dye Hoechst 33342 and the
membrane-impermeable nucleic acid dye ethidium homodi-
mer. Using these stains, all cells appear fluorescent blue, but
dead cells are marked by the fluorescent red ethidium ho-
modimer. Both tegafur and 5-FU were found to be cytotoxic
to colon cancer cells in a dose-dependent fashion. However,
tegafur was ineffective when tested using a traditional static
cell-based assay. It was also proven that, if no hepatocyte
culture was included in the system, tegafur had no effect on
the colon cancer cells, whereas 5-FU caused significant cell
death. In other words, the HUREL® liver compartment was
necessary for bio-activation of tegafur. Moreover, although
5-FU triggered cell death in the traditional assay, HuREL®
demonstrated cytotoxicity much more rapidly and strongly
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with either 5-FU or tegafur than did the traditional assay
with 5-FU [72].

Immobilized cultured systems are even more suitable for
large-scale, routine drug screening than cell suspension cul-
ture-based approaches. This is due to a drastic reduction of
technical requirements associated with the maintenance of a
controlled environment (CO, enrichment, 37°C). In addition,
and in a strictly scientific sense, three-dimensional culture
systems are far more realistic representations of actual tissue
segments than two-dimension ones (including microfluidic
cell circuits). As an example, a novel, miniaturized biosensor
system was recently created by combining the electrophysi-
ological response of immobilized cells with superoxide-
sensing technology and optical and fluorescence microscopy
[73]. Cells were immobilized in a calcium alginate matrix
and a miniature square piece of cell-containing gel matrix
was aseptically adhered on a glass microscope slide bearing
a microfabricated gold electrode array (Fig. (5)). This con-
figuration allows for the continuous monitoring of the cell
membrane potential, while cell division is assayed with an
optical microscope.

In addition, immobilized cell viability, RNA and calcium
concentration, radical oxygen species (ROS) and glutathione
accumulation are assayed by fluorescence microscopy after
provision of an appropriate dye. Using this system, it is pos-
sible to correlate seven different cell physiological parameters
to each other and formulate a model for ROS-mediated sig-
naling function on cell apoptosis. Experiments with doxo-
rubicin (adriamycin) demonstrated how the sensor could be
used for investigating the mode of action of a pharmaceutical
compound. Previous studies [74, 75] indicated that this anti-
cancer agent exerts its cytotoxic activity via O, formation
and a putative intracellular H,O,—generation mechanism.
Doxorubicin also interferes with O,” formation by plasma
membrane NADH-quinone reductases [76]. Consequently, the
biosensor was used for the quantitative detection of superox-

3 53

Wiring to A/D converter

Y
Coverslip Microscope

slide

Fig. (5). Schematic representation of the immobilized cell biosensor. The reference electrodes A lie in a cell-free gel matrix, while the meas-
uring electrodes B lie in the immobilized cell-matrix system, which has a surface area of 0.5 x 0.5 cm®. Both electrodes are covered with a
glass cover slip, which is aseptically sealed with Parafilm®. Measurement and reference electrodes are connected via wiring to the Advantec
Adam-4017 PC I/O data converter. Cells (<) are not shown in scale (modified from [73]).
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ide produced after treating the immobilized cell cultures with
doxorubicin. The sensor was able to rapidly (5 sec) detect as
low as 5 nM of superoxide and this response was linear at a
5-15 uM concentration range of doxorubicin (Fig. (6)).

CONCLUSIONS

Increasing our knowledge of cellular physiology at the
molecular level has allowed the replacement of empirical
diagnostic methods with the advanced analytical tools of late
20" century medicine. In this context, immunoenzymic as-
says were developed after breakthroughs in immunology
took place. The in-depth understanding of nucleic acid chem-
istry spurred the revolution of nucleic acid technologies,
including the reverse transcriptase-polymerase chain reaction
(RT-PCR) and gene sequencing.

As the analytical environment, in particular the testing
conditions at the point of care, becomes more and more de-
manding, novel diagnostic tools must satisfy both scientific
and social economic standards. Emerging technologies are
by definition hybrids of different scientific disciplines. To
exploit the intricate advantages of cellular sensors to the
fullest degree, analytical systems based on cells must repre-
sent an optimized amalgam of cell biology, physical chemi-
cal sensing science and information technology.

It is not possible to compare the performance characteris-
tics of cellular sensors with those of various nucleic acid
technologies, such as nested PCR or real-time PCR, which
exhibit a superior sensitivity (with the ability, for example,
to detect a single virus particle in a sample). The latter tech-
nologies, however, require sophisticated laboratory infra-
structure and trained technicians, while they detect only nu-
cleic acids. On the contrary, cell sensors may respond to tar-
get molecules belonging to a vast repertoire of different
chemical groups.
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At their current status, cell-based technologies could di-
rectly compete with immunoenzymic assays and other im-
munoanalytical systems for a respectable range of the avail-
able blood and urine tests. In fact, assays such as CANARY
or BERA could efficiently replace ELISA or radioimmuno-
precipitation (RIA) assays in the detection of antigenic
molecules derived from pathogens or disease (such as tumor
markers). Of course, the selectivity of cell sensors strongly
depends on the specificity of membrane antibodies that are
either inserted or expressed onto the cell surface. It appears
that cell sensors share some of the limitations present in en-
zyme immunoassays. On the other hand, the sensor response
is independent from factors narrowing the applicability of
plate-trapped antigen (PTA) immunoassays, such as the du-
ration of incubation time [77].

Unfortunately, the still limited background research on
cellular sensors has not helped the commercial presentation
of automated analytical devices, as seen in considerable vari-
ety for ELISA or other conventional assays. This particular
development has also been delayed by the absence of sophis-
ticated software that could automatically recognize and clas-
sify the sensors” responses. This is essential, because the
pattern of the response is complicated by non-specific inter-
ferences, due both to analyte and to environmental variations
(such as temperature and pH). Therefore, a complete elimi-
nation, at the signal processing stage, of the potential noise
sources is required in order to determine the sensitivity of
any cell-based detection system to a particular chemical
agent. Quite recently, a multi-net classifier system for the
detection of plant viruses, using BERA biosensors and Arti-
ficial Neural Networks (ANNs) was reported. The key fea-
ture of the method is the combination of specialized ANNs
that are trained to recognize plant viruses according to bio-
sensors’ responses, therefore replacing the previous empiri-
cal examination of the biosensor’s response data curve [78].
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Fig. (6). Relationship between the response of the immobilized cell sensor and doxorubicin (adriamycin) concentration (mean values, n=15).
Adriamycin-mediated cytotoxicity is associated with the formation of superoxide anion in target cells, which is then determined by using the
cellular biosensor system (source: author’s own research, unpublished results).
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The transduction of the sensors’ responses in electric
signals and their instant evaluation by means of specific
software either on site (stand alone devices) or via an Inter-
net site would allow for implementation of cellular biosen-
sors to small clinic and doctors’ offices at a minimum cost.
Further advances in microfluidic cell circuits (like HyREL®)
and the development of generic methods for the specific de-
tection of target analytes, like CANARY and BERA, along
with an increasing investment in automated equipment and
user-friendly software, pave the way for the final destination
of cell biosensors: the clinical diagnostic laboratory.
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ABBREVIATIONS

BOD = Biochemical oxygen demand

HBV = Hepatitis Virus B

HCV = Hepatitis Virus C

BERA = Bioelectric Recognition Assay

CANARY = Cellular Analysis and Notification of Anti-

gen Risks and Yields

ELISA = Enzyme linked immunosorbent assay

ANNs = Artificial Neural Networks

RIA = Radioimmunoprecipitation assay

POC = Point of care
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