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In this thesis, we discussed about the medical significance of single cells. Single cell analysis had been
the main focus of studies among the scientists in the recent decades for its outstanding contribution to medical
treatment. In the field of biomedical research, cell surface protein analysis was of particular interest due
to their usefulness for novel phenotypic, diagnostic, prognostic, and therapeutic applications.

Thus, in our second chapter, an alternative method had already been developed using a centrifugal microfluidic
device to trap the single cell, conduct immunostaining, and measure the cell surface receptor fluorescence
intensity. Among all the conventional microfluidic techniques, the centrifugal microfluidic platform provided
many advantages and applications in whole blood separation, single cell and membrane protein analysis and
monitoring, DNA microarray hybridization and colorimetric detection of biochemical markers in comparison to
common chip—based microfluidic systems. In our research, the features of the design of our device had 1 inlet
and 6 major channels. From the central inlet, the cell suspension directly flowed into the major channel
One major channel had 21 viewing areas and each area contained 93 trap sites; a total of 11,718 trap sites
To demonstrate the utility of the device, fresh cultured THP-1 and Jurkat Cells were tested and profiled with
CD3, CD13, and CD31 biomarkers conjugated with PE (543 nm), APC (633 nm) and FITC (488 nm) fluorescence dyes
CD3 was selected due to its function in TCR signal transduction. The fluorescence images from each marker
were obtained and analyzed using an outsourced software. The RGB intensity could be read out which realize
the cell classification based on specific intensities ratio comparison. In addition, the cell size and
circularity could be determined and images of the cells could be retrieved again after intensity profiling
to conduct succeeding morphological assessments. This platform could greatly help in profiling cells based
on a variety of cell surface receptors and also could provide information on the morphological condition and
receptor protein distribution on the surfaceome of the cells.

However, the cell surface detection was only focused on the external environment of the single cell, the detailed
analysis of cell internal environment of cell cytokine secretion situation was also a significant index for
better understanding of single cells. Cytokines were immunomodulating protein biomarkers secreted from immune
cells and they are indicators of the functional status of the human immune system. They played critical roles
in regulating cell signaling, cell differentiation, and inflammatory response in the immune system. Thus, in
the next two chapter, we discussed about a method to improve the sensitivity of the COP detection film which
is nanopillar surface treatment with oxygen plasma and the evaluation of the sensitivity improvement of the
COP film by localized surface plasmon resonance (LSPR) technology via an easy integration with thick COP chip
with 13 pm diameter microwell structure on the surface for single cell level cytokine secretion detection
In this research, the diameter of the microwell was set to 13 um. The result showed that our fabricated device
had the potential to trap single cells reaching over 60% occupancy efficiency with relatively low cell
concentrations and volumes which was extremely significant in clinical diagnosis. Furthermore, the device
showed the capability to detect the single cell absorbance spectrum peak red-shift caused by single cell
cytokine secretions and a maximum of 2.8 nm peak shift was observed by our device through real-time cell
monitoring which indicated that our improved COP detection film had a better performance and higher sensitivity

compared to the old styled one.
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