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patterned on the surface of the micro chamber, enabling the absolute 
quantification of interested proteins. Although this approach can be 
used to measure multiple proteins in one experiment, it suffered from 
the issue of device complexity and low throughput in comparison 
to flow cytometry, compromising its applications in tumor 
heterogeneity. 

In 2014, Prof. Herr and her coworkers from UC Berkeley 
successfully demonstrated a single-cell western blotting [8] where 
cells under measurement were individually confined within micro 
wells. Following cell lysis, electrophoresis was used to effectively 
classify proteins released from single cells. In this study, antibodies 
for specific protein types were not required and the assay can to 
an extent function in a semi-quantitative manner. However, this 
approach cannot provide absolute quantification of cytoskeleton 
proteins and also cannot measure proteins with low copy numbers 
within single cells. 

As to the development of microfluidic biosensors enabling the 
quantification of biophysical properties of cytoskeletons of single 
tumor cells, Di Carlo et al from UCLA proposed a high-throughput 
microfluidic assay [9] where single cells were flushed rapidly within 
microfluidic channels and deformed in a cross channel due to fluid 
stress. This study was featured with ultra-high throughput, which, 
however, was not capable of quantifying intrinsic size-independent 
biophysical markers (i.e., Young’s modulus) of cellular cytoskeletons. 
To address this issue, Guck et al. [10] proposed a numerical model to 
translate the raw deformation data of single cells under fluid stress 
into instantaneous Young’ modulus, enabling the high-throughput 
quantification of intrinsic mechanical properties of single cells. 

In summary, although several types of microfluidic biosensors 
have been developed to quantify biophysical or biochemical properties 
of cellular cytoskeletons, there are still huge research rooms left for 
further technical innovations since high-throughput single-cell 
biosensors capable of the quantification of 1) absolute cytoskeleton 
protein copy numbers and 2) instantaneous and equilibrium Young’s 
moduli are still not available. In addition, biosensors enabling the 
simultaneous characterization of both biochemical and biophysical 
properties of single-cell cytoskeletons are also under demand, 
which may provide a more comprehensive evaluation of single-cell 
cytoskeletons.
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Letter to the Editor
Cancer (malignant tumor) is a deadly disease resulting from 

the imbalance between cellular proliferation and death. Based on 
the statistics of World Health Organization, in 2012, there were 
roughly 14 million newly diagnostic tumor patients and there was an 
estimation of 8.2 million cancer related death [1]. 

In 2013, in one issue of nature insight, Tumor Heterogeneity was 
highlighted, revealing single-cell differences in proliferation, invasion 
and drug responses even from the same tumor portions [2]. This 
nature insight systematically illustrated the recent developments of 
tumor heterogeneity, emphasizing its role in the failure of tumor 
treatment. Furthermore, the lack of effective biosensors enabling 
single-cell analysis was listed as one of the key technical bottlenecks 
compromising the studies of tumor heterogeneity.

From the perspective of cytoskeletons, variations in biochemical 
(i.e., numbering, composition and distribution) and biophysical (i.e., 
deformability, migration and invasion) properties of single tumor cells 
have been reported. Currently, biosensors including flow cytometry 
[3] and atomic force microscopy [4] can measure cytoskeleton 
proteins (i.e., actin and tubulin) and cellular mechanical properties 
(i.e., instantaneous and equilibrium Young’s moduli), respectively. 
However, flow cytometry cannot provide absolute quantification of 
cytoskeleton protein expressions of single cells while atomic force 
microscopy suffers from the key issue of low through and cannot 
collect statistically significant data of single cells.

Microfluidics is the manipulation and detection of small volumes 
of liquids [5]. Due to its dimensional comparison with biological 
cells, microfluidics has been widely used as biosensors for single-cell 
analysis [6]. As to the characterization of single-cell cytoskeleton, 
both biophysical (e.g., deformability) and biochemical markers 
(e.g., expressions of cytoskeleton proteins) have been quantified and 
evaluated with a few key milestones listed as follows.

As a proof-of-concept demonstration of absolute quantification 
of single-cell cytosolic proteins, the Heath group from Caltech. 
Developed a microfluidic biosensor (barcoding microchip) [7] where 
large-array microfluidic values were integrated to confine individual 
cells within micro chambers. Following cell lysis, the proteins 
released by individual cells were trapped by primary antibodies pre-
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