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Human Epidermal Growth Factor Receptor 2 (HER2) is
overexpressed in 10-25% of breast cancers [1] is a key predictive
biomarker and an effective therapeutic treatment target for breast
cancer [2]. The vast evidence from various studies indicates that
patients with HER2-positive breast cancer have a poorer prognosis
than patients with HER2-negative breast cancer, and it requires a
extraordinary therapy [3,4]. Therefore, identifying the overexpression
of HER?2 for breast cancer diagnosis and therapy is very important. In
recent years, several methods for detecting HER2-positive cancer cells
have been developed, which include genomic and proteomic assays,
optical assays [5], fluorescence [6], scattering assays [7], direct cell
imaging [8]. Most of these techniques are limited to cell detection and
are not available for measuring the concentration of serum HER2. Large
clinical trials have clearly shown that the best predictive HER2 testing
strategy is associated with practical and economic issues [9]. One of the
most extensively used method for HER2 expression analysis if based
on Immunohistochemistry (IHC). This method, however, has major
technical limitations with the analytical sensitivity, target specificity,
capacity to multiplex, and subjectivity in image understanding [10,11].
Additionally, considerable discordance between the results of HER2
studies performed in diverse laboratories has been reported [12].
Hence, a Fluorescence in situ Hybridization (FISH) technology is
currently used to detect HER2 gene amplification [13] when the IHC-
based results are unclear. Although, all these methods mentioned above
are in practice in a smaller or larger way to diagnose breast cancer
through the detection of HER2, but their miniaturization and onsite
analysis is the major concern for the point-of care diagnosis of breast
cancer. In this regard, in recent years methods based on sensor systems
have been attempted by various researchers for the quick, sensitive,
and selective detection of HER2. Among the entire sensor read out
devices an electrochemical system method is usually preferred due to
the advantages of being portable, simple, easy to use, cost-effective,
disposable, and possible method for the lab-on-a-chip diagnostic
system [14-17].

A Surface Acoustic Wave (SAW) biosensor for the detection of
HER?2 in real time was developed by Friederike et al. [18]. The binding
between the target molecule and the detector on the sensor surface
are detected by measuring the changes in surface wave velocity caused
mainly by mass loading in the sensing layer. This assembly enables
label-free and direct detection of the breast cancer marker HER-2 at
a concentration of 10 ng/ml (threshold: 13-20 ng/ml). A biosensor
system coupled with microfluidics has also been attempted to elucidate
another sensitive strategy for the HER2 detection. Recently, a new
label-free analytical method for the detection of HER2 biomarker in
human serum samples by the Opto-Fluidic Ring Resonator (OFRR)
has been successfully developed. The OFRR consists of microfluidics
and optical ring resonator sensing technology to achieve rapid and
label-free HER2 detection in a small and low-cost platform. HER2
proteins were spiked in the serum at varying concentrations which was
further detected by the OFRR at clinically appropriate concentrations
in serum samples between 13 to 100 ng/mL in 15-30 min. It was
concluded that the developed sensing system will lead to a device

that can be used as a diagnostic tool for the detection HER2 protein
and monitoring the progression of other disease in a low-cost sensing
setup. It is also anticipated that the developed sensing system can be
handled by non-professional personals in a diagnostic laboratory [19].
The biosensor technology has also been significantly applied for the
targeting and imaging of human HER2 expressing cells and tumors.
A new class of engineered diagnostic molecule “affibody’developed
by a Swedish biotechnology company, “Affibody AB” has been applied
to develop a nanoprobe for the diagnosis of HER2-expressing tumor
and cell imaging [20]. The nanoprobes were designed by linking the
N-terminus cysteine residue accurately conjugated with maleimide-
functionalized nanoparticles to make nanoparticle-affibody conjugates.
It this system near-infrared quantum dots and iron oxide nanoparticles
as two representative nanomaterials were used. The in vitro and in
vivo study clearly indicated the promise of this nano-conjugate for the
quick and selective diagnosis of HER2 expressing cells. In the same
year a Piezoelectric Microcantilever Sensor (PEMS) was reported by
an American research group lead by Gregory et al. [21,22]. His group
successfully demonstrated the detection of both recombinant and
naturally occurring HER2 levels (>2 ng/mL) in the serum of breast
cancer patients. Another piezoelectric sensor was developed for the real-
time, label-free, in situ detection of HER2 protein in diluted serum using
the first longitudinal extension mode of a lead Zirconate-Lead Titanate
(PZT)/glass PEMS with H3 single-chain Variable Fragment (scFv)
immobilized on the 3-mercaptopropyltrimethoxysilane insulation layer
of the PEMS surface. The linear detection range of HER2 was between
the concentrations of 6-60 ng/ml in a diluted human serum [22]. A
newly explored nanomaterial, graphene has also been explored for the
development of biosensor for the detection of HER2 protein. In this
regard, recently and Graphene-Encapsulated Nanoparticles (GEN) has
been developed for the selective detection of HER2 [23]. It this case, a
novel 2 dimensional GEN was used which significantly increased the
electrical conductivity, mechanical flexibility, surface area, chemical
and thermal stability of the biosensor for the highly selective detection
of HER?2 protein with the detection limit of 1pM. Until the start of year
2013, most of the biosensor readout devices were based on antibodies
and a very few was based on affibody. Since these detection molecules
are chemically protein in nature, hence the stability and long term
storage of biosensor based on these molecules is critical. To overcome
these critical issues, very recently an aptamer based biosensor was
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fabricated for detection of both HER2 protein and positive breast
cancer cells [24]. The biosensor probe was fabricated by covalently
immobilizing anti-HER2 onto a nanoconducting film. The hydrazine-
gold nanoparticles-aptamer bioconjugate was used as the reporter
probe. The reductant hydrazine specifically deposits the silver on the
biosensor surface, which stained the breast cancer cells /HER2 protein
and was visualized easily by the bare eye and an optical microscope.
This method exhibited an outstanding diagnosis method for the highly
sensitive detection of SK-BR-3 breast cancer cells in human serum
samples with a detection limit of 26 cells/mL. The latest biosensor for
the detection of HER2 protein is based on an electrical tracing-assisted
silicon dual-microring resonator sensor system [25]. This biosensor
relies on the use of a cheap broadband light source as an alternative of
a massive and costly tunable laser, which allows the progress of cost-
effective point-of-care diagnostic devices by considerably lowering the
biosensor price and increasing its portability.

Conclusion

HER2 has emerged as one of the best diagnostic marker for the
diagnosis of most frequent cancer in woman i.e. breast cancer. The
bottleneck was to develop a very specific and sensitive diagnostic tool
that can help in early detection of these cancerous cells with ease. This
has been circumvented by development of different kind of biosensor
with high degree of sensitivity and specificity and a recent aptamer
based biosensor is providing the stability of the diagnostic platform.
Future research should be directed towards improvising the merits of
these diagnostic platforms for clinical diagnosis of breast cancer to
bring an effective change in the management of breast cancer patients.
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