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Abstract
Development and commercialization of neutrophil activity
evaluation systems for food functionality assessment and
“visualization of pre-symptomatic diseases”

Kimiko Kazumura

This dissertation describes the author’s long-term endeavor to develop neutrophil activity
evaluation systems and continued attempts to commercialize these systems, the latter of
which had been undertaken since the author’s entry into the Graduate School for the
Creation of New Photonics Industries. The author has made use of the immune response of
neutrophils, which plays a major role in innate immunity, evaluated the immune
functionality of foods and visualization of “pre-symptomatic diseases” in humans.

In 2007, Japan became the world’s first super-aging country. According to the World
Health Organization (WHO), “a super-aging society” refers to a society in which over 21%
of the population is aged 65 years or older. “Super-aging” is now a global problem, and the
United Nations has warned that “it is time to prepare for the rapid aging of the population.”
(Madrid Plan of Action and its Implementation (2002)). It is clear that super-aging causes
an increase in medical costs, which are substantial financial liabilities incurred by the
country’s entire population. Japan, the leading super-aging country, has shifted its
healthcare treatment policy from medical care that focuses on curing illnesses to total care
that prevents the onset and severity of diseases. In addition, Japanese government has
launched various policies aimed at reducing medical costs and extending healthy life
expectancy.

These are the reasons why the concept of pre-symptomatic diseases is attracting attention,
and the diagnosis of “pre-symptomatic diseases” can be a medical countermeasure for
super-aging. Even under these circumstances, the definition of pre-symptomatic diseases is
unclear. Pre-symptomatic diseases range widely from minor signs of illness without
abnormal findings on examination to no symptoms with abnormal findings on examination.
A fact that has to be specifically considered is that pre-symptomatic diseases are not subject
to medical care and thus, self-awareness and lifestyle modifications are required. Lifestyle

modifications, such as diet and exercise, are essential in combating pre-symptomatic
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diseases.

Thus, the author poses a problem that no evaluation indicators for pre-symptomatic
diseases exist. In addition, the selection of functional foods and supplements and judgment
of their effectiveness are left to the subjective evaluation of each individual. To these
overcome challenges, the development of assessment methods for both food functionality
and pre-symptomatic diseases is needed. One example is the development of a sensitive,
simple, and medically proven method based on the Foods with Health Claims labeling
system. Another example is the development of simple indicators that enable individuals to
realize even the minor effects of measures against pre-symptomatic diseases as numerical
values and encourage them to continue the measures.

In this study, the author developed systems that can potentially visualize pre-symptomatic
diseases by focusing on the fastest response of neutrophils and has also made efforts to
commercialize these systems. Specifically, the author developed systems for /n vitro and in
vivo food functionality evaluation and systems for sensitive and simple pre-symptomatic
diseases evaluation. Amidst these developments, the author formulated a business plan to
commercialize these systems in the pre-symptomatic disease care and disease prevention
markets.

For the /n wvitro food functionality evaluation system, the author established “a
simultaneous evaluation cell assay for antioxidant, anti-inflammatory, and innate immune
activation” using weak-light detection technology. Neutrophils, a type of white blood cell,
are the first line of defense against invading external pathogens by producing reactive
oxygen species. The assay is used to monitor superoxide (O,) production, a type of reactive
oxygen species, and increase in intracellular Ca?* concentration ([Ca?*];) that induces O
production simultaneously and continuously by chemiluminescence and fluorescence. The
assay also distinguishes the three functionalities (namely antioxidant, anti-inflammatory,
and innate immune activation) based on the changes in these signals produced by the
coexistence of the substance being tested. This assay, which reproduces cellular reactions
occurring in the body, has been used by many researchers in the field of functional foods
and has contributed to the discovery of new bioactive substances because it can mimic /in
vivo conditions.

As this system simultaneously measures luminescence and fluorescence, it can also
measure indicators other than O, and [Ca?*]i. In response to requests from several users of
these systems, the author developed an /i vivo food functionality evaluation system to
evaluate the net effects of food intake and effectively minimized the influence of light
scattering by blood components and light absorption by the red blood cells. As a result, the

author succeeded in simultaneously measuring hypochlorite ion (OCI) production



(myeloperoxidase [MPO] activity) and O~ production by neutrophils in the blood by a
simple pretreatment of diluting only 3 pL of whole blood. This was the very first
achievement of the study.

Furthermore, the author improved the usability of the system and established a new /n7 vivo
food functionality evaluation system with higher sensitivity, stability, and reproducibility.
This system, which allows self-blood collection and does not require complicated specialized
techniques, has been used in many functional food ingredient intervention studies.

In a longitudinal study conducted with the help of healthy volunteers, anomalies such as
cold, stomach pain, and muscle fatigue were detected well beyond the normal fluctuation
range, earlier than the rise in the inflammatory marker C-reactive protein (CRP). As this
system uses neutrophil activity, which is the earliest to react to abnormalities in the body, as
an indicator, the response is quicker and more sensitive than that of other markers. Such
quick and sensitive response characteristics enable the system to detect even the minor
effects of lifestyle improvements in diet and exercise. Therefore, the systems can be used to
maintain one’s motivation to continue caring for oneself with pre-symptomatic diseases.

The author drew a business plan to implement these evaluation systems in the pre-
symptomatic diseases care and diseases prevention markets. The author started market
research with customer segmentation, analyzed the business feasibility of the systems using
strengths, weaknesses, opportunities and threats (SWOT) analysis, and drew a business
plan to bring the systems to the markets in three stages. The author repeatedly expanded the
business plan and increased its feasibility through customer interviews.

In the first stage, the author planned to bring the systems to researchers in the food
functionality research field, where the author has many personal connections, and to
encourage them to use these systems as research tools. With the author’s close collaboration
and research support, the author plans to strengthen the evidence of the system’s superior
evaluation capability of pre-symptomatic diseases by publishing papers that include
comparison and verification with other conventional evaluation systems. The author also
plans to accumulate achievements in obtaining functional labeling approvals and solutions
to treat pre-symptomatic diseases and create new values. Further plans include launching
the widely used low-cost version of the systems, which has scientific evidence and can offer
solutions for pre-symptomatic diseases to the market as tools for general users to monitor
their health conditions currently under development. Ultimately, the author hopes to
expand these systems into the medical field as medical devices and contribute to reducing
medical costs by predicting disease severity. Conventional methods of measuring neutrophil
activity for human disease diagnosis have not been widely used because of their inaccuracy

owing to the complicated blood separation process and requirement of special expertise.
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Medical verification of systems for neutrophil activity measurements would find applications
in disease diagnosis for early-stage abnormality detection and disease severity prediction.
Thus, the author has just begun to accumulate relevant data with the cooperation of medical
institutions.

The author took the first step toward implementing the business plan by launching an in-
house venture and will continue to take on the challenge of contributing to the realization of
a healthy society with a long life expectancy by sincerely addressing customer needs and

social issues identified during the course of business activities.
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