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Science and Technology) in Taiwan. His research has been
highlighted in Scientific American, Chemistry World, the
New York Times, and the JAMA call-for-idea website
(along with a number of other media outlets). His general
research interests focus on medical diagnostic devices for
public health involving translational medicine, point-of-
care diagnosis, cellular and molecular biology, and
analytical biochemistry. He has been selected as a Fellow
of the Royal Society of Chemistry (U.K.), an Associate
Editor for the Journal of Cellular and Molecular Medicine,
and an Editorial Board Member for Sensor Letters,
Diagnostics and Scientific Reports (2015-2021).

Dr. Cheng’s longstanding career goal is to bridge
engineering with biology and medicine. Following his
return to Taiwan, he began collaborations with several
medical doctors at different hospitals/medical schools to
develop point-of-care diagnostic devices using inexpensive
materials and different approaches. His goal is to create
medical diagnostic devices for use in a variety of settings,
including home healthcare (to monitor chronic diseases for
seniors and pediatric diseases for children), as well as
nursing homes and other situations where simplicity,
portability, and low-cost are desired. These devices could
provide tremendous impact in different economically
developed regions, as low-cost methods for detecting
diseases and disease states in individuals and populations.
Dr. Cheng’s ongoing, committed efforts continue to achieve
progress in this area and will provide numerous interesting
commercial possibilities in economically developed and
economically developing nations. While designing
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experiments for these studies, he and his team adhered to
U.S. FDA regulations, especially with respect to in-vitro
diagnostic device performance evaluations and appropriate
data analysis, thus coming closer to achieving his
longstanding translational medicine goals. Through
strongly integrated approaches, Dr. Cheng ardently pursues
the goal of advancing from laboratory-based studies to
clinically relevant applications. Such efforts further
demonstrate the strength and suitability for these
applications to be translated into real-world applications
and provide significant benefits to not only academia, but
pursue the amelioration of real healthcare concerns. In
addition to his many academic contributions, Dr. Cheng
serves as a consultant for biotechnologically relevant
companies around the world with many patent families
granted or pending (in Taiwan, China, U.S.) and two
biotechnologically relevant start-up companies.

2. Paper Microfluidic ELISA — Interleukin-6 Rapid
Diagnostic System for COVID-19 severity

During the coronavirus pandemic, some patients acquired
an acute respiratory syndrome (ARDS) complication,
which resulted in high mortality rates. These severe
complications are associated with cytokine storms induced
by host-mediated cytokines, amongst which, interleukin-6
(IL-6) has drawn the most attention. Elevated levels of
serum IL-6 have been observed in these severe cases and
are associated with considerable infection-related
complications or sepsis. Additionally, elevated levels of
serum IL-6 may indicate a poor prognosis, including post-
infection seizures, respiratory failure, or death. Therefore,
serum IL-6 could be an early biomarker in the
differentiation of disease severity. Thus, repeated and
timely checks for serum IL-6 concentration are essential to
assess disease severity and prognosis. The COVID-19
pandemic has also increased the public demand for and
acceptance of rapid diagnostic tests, which are important to
quickly confirm cases or differentiate severe cases.
However, conventional laboratory exams require
sophisticated equipment and skilled operators, hindering
timely testing, treatment, and medical resource allocation
and impeding the early recognition and intervention of
high-risk cases. Our research is aimed to meet the unmet
medical need and, therefore, develop the “Interleukin-6
rapid diagnostic system,” a rapid and portable diagnostic
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BNKTET LA DR EN S (Fig. 3a) [2], €Dk,
NEEL 55 1 D3 BLAK FE 2 7K AN B S5 2 A7 BRI AR L
I CHEBI L, BN & BRI O sl IR D B
JEIENFERR SN D, RIS, T A% & O TRRUINKTE
EREOFEORKE S &2FS LMOKFEZFRE L, )
KIET LA O b SRS, Bk & GHEA
BEOREIZHIREOHBIEN R SN TEY, Th b
BE O HEMR L3 el LIRE —ERER R E N5
(Fig. 3b) [2].
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— Hydrophobic area
(i) 51818 patterning  {v) $1818. Al removal
(iii) Al etching
= Gllass == 51818 100 um
] Cytop mem | S

Fig. 1 (a) Fabrication process of hydrophilic/hydrophobic

patterned substrate and (b) microscopic image of the
fabricated substrate.
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Fig. 2 Lipid bilayer formation process using droplet
contact method applied to pico-liter sized microdroplets.
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Fig. 3 Microscopic images of (a) microdroplet formation
and (b) lipid bilayer formation on the microdroplet.
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Fig. 1 Micro Tube pump System.
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Fig. 2 Simple design that can be attached and detached
without using tools.
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Decoding, Building, and Manipulating of human Blood-Brain Barrier
for central nervus system drug discovery and development

Masanori TACHIKAWA™, Mai INAGAKI'

'Graduate School of Biomedical Sciences, Tokushima University

Abstract

There is a strong need to develop novel therapeutics to treat central nervous system (CNS) diseases such as
neurodegenerative diseases and neuropsychiatric diseases due to an increasing number of those patients worldwide.
The blood-brain barrier (BBB), which is formed by brain microvessel endothelial cells with tight junctions, hinders
the drug delivery to the brain. It is thus essential not only to establish a system for drug delivery beyond the BBB
but also to predict human BBB permeability at the early stage of CNS-acting drug development. Accumulating
evidence has shown that the BBB possesses various transport systems, e.g., influx transporters for supplying
nutrients to the brain, efflux transporters for pumping drugs and xenobiotics out of the brain, and transcytosis
receptors for transporting the proteins of insulin and transferrin. Unveiling these transport systems at the human
BBB would help us to design a novel drug delivery system by means of the BBB transporters and receptors. Three-
dimensional human BBB microvascular model in a microfluidic device has been developed for evaluating the
BBB transport of CNS-acting drug candidates. However, the equivalence of transport functions at the in vivo BBB
and in the BBB models remains to be determined yet. Our developed quantitative targeted absolute proteomics has
made it possible to profile the absolute protein expression levels of transporters and receptors at the in vivo human
BBB. This technology has provided a better characterization of the in vitro BBB model by comparing the protein
expression profiles in between the in vivo and in vitro human BBB. In this review, we will introduce our recent
research on decoding, building, and manipulating of the human BBB for CNS drug discovery and development.

Keywords: Blood-Brain Barrier; quantitative Targeted Absolute Proteomics (qTAP); Microfluidic device;
Microphysiological system; Functional equivalence in between in vivo BBB and in vitro BBB model
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