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Conventional methods for diagnosing and analyzing
cancer cells are based on histology, genetic analysis, and
protein analysis. Specific genotypes or proteins have
been used as biomarkers in identifying cancer cells with
specific phenotypes. Despite recent advances in cancer
research, quantifying the heterogeneous tumor cell
populations has been one of the main challenges in
cancer diagnosis and prognosis [1]. The heterogeneous
population of cells in the same tissues at different tumor
development stages makes analyzing genetic alteration in
tumors complicated. Methods conventionally used to
study the heterogeneity of cancer cells are based on bulk
analysis requiring large number of cells for assay. The
resultant measurements are an average from multiple
cells. As a result, any single protein or biomarker assay
is not capable of determining the cellular heterogeneity of
tumor [2]. To overcome such challenges, technologies
capable of conducting reliable and high throughput
sample analysis with single cell resolution is crucial.

Microfluidic based systems are capable of
controlling and analyzing small amount of samples with
extremely high accuracy and throughput. A large number
of microsystem platforms for cancer analyses have been
developed in the past decade, mainly focusing on
microsystems for cancer cell sorting and detecting
specific biomarkers [3]. Such microdevices can provide
many advantages such as shorter analysis time, less
sample/reagent consumption, and the capability to
integrate cell sorting/analysis with various other
functionalities.

Electrical impedance spectroscopy (EIS) is a
technique that can be used for characterizing cells or
distinguishing pathological cells from normal cells by
measuring the electrical impedance of the target in the
frequency domain [4]. Due to the non-invasive nature of
this method, it is suitable for analyzing biological samples.
Recent progress in lab-on-a-chip technologies enabled
microfabricated EIS system to detect and analyze
biological samples at single cell level [5]. The single cell
approach has many advantages over bulk cell analysis. It
can provide more accurate information, does not require
time-consuming cell preparation process for uniform cell

population, and can also be wused to quantify
heterogeneous cell populations from a mixture.

Here, we present a micro-EIS (UEIS) system for
analyzing cancer cells with single cell resolution. This
device has a total of 16 impedance analysis sites on a
glass substrate (5 x 7.5 mm), with each analysis site
composed of a horizontal single-cell trap, an integrated
pair of electrodes, and a trapping channel perpendicular
to the cell flow channel. By applying suction through this
trapping channel, a single cell flowing through the cell
flow channel can be captured into the trap. Once a cell is
trapped, the impedance can be measured using the
integrated electrode pair. This developed p EIS system
was successfully used to obtain the electrical impedance
spectra (50 kHz — 2 MHz) of head and neck cancer cells
with different metastatic potential, demonstrating the
potential of the PEIS system as a tool for quantifying
cancer heterogeneity [6].
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