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[FascosE]

Food functionalities have recently attracted the attention of researchers because
foods have the potential to prevent disease and promote health. However, the evaluation of
the numerous food functionalities consumes much time because it is necessary to conduct
many individual experiments. To achieve this rapidly and cost effectively, the author has
attempted to develop a new food functionality evaluation system that alows for
simultaneous estimation of the multiple food functionalities from expression data of
intracellular marker proteins using informatics.

To estimate three food functionalities, namely cancer cell growth suppression
activity, antiviral activity, and antioxidative stress activity, each model was constructed
using expression data of marker proteins as input data, and food functionalities as the
output value. When prediction performances of three types of mathematical models
constructed by simple, multiple regressions, or artificial neural network (ANN) were
compared, the most adequate model was the one constructed using an ANN. There were no
statistically significant differences between the actual data and estimated values calculated
by the ANN models. Moreover, the author attempted to build the new ANN models for two
food functionalities including human T-cell lymphotropic virus type 1 (HTLV-1)-infected
cell growth suppression activity, and natural killer (NK) cell activation activity. As aresult,
there was no significant evidence to conclude that the actual data and the data from the
ANN models differ. The ANN models could also estimate HTLV-1-infected cell growth
suppression activity and NK cell activation activity with reasonable accuracy. Next, the
author evaluated various natural products using our system as a first screening. Blueberry
leaf (BBL) was found to have two food functionalities such as antiviral activity and
HTLV-1-infected cell growth suppression activity by the system at same time. In addition,
the pericarp extracts of three citruses, such as bitter orange, hyuganatsu, and kumquat,
were estimated to have NK cell activation activity. Among them, kumquat pericarp (KP)
extracts had a strong NK cell activation activity. As applied examples, this study further
focused on HTLV-1-infected cell growth suppression activity by BBL and NK cell
activation activity by KP.
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To clarify the active components responsible for the HTLV-1-infected cell growth
suppression activity of BBL and the mechanism of action in vitro, BBL extract was
fractionated into eight distinct fractions by Sephadex LH-20 column chromatography.
Then, the author examined antiproliferative effect of each fraction on HTLV-1-infected
cells MT2 and performed chemical analyses of the fractions. Moreover, effect of the most
effective fraction on MT2 cells was analyzed by flow cytometry and Western blotting. The
fraction contained highly oligomeric proanthocyanidin (OPA) with a mean degree of
polymerization of 3.1. Cell growth suppression by the OPA fraction was significantly
higher in al HTLV-1-infected cell lines than in MOLT-4, HTLV-1 negative T cell line. It
inhibited the growth of MT2 cells by inducing caspase-dependent apoptosis through a
death receptor-mediated pathway and G,/M cell cycle arest along with the
down-regulation of cyclin B1 and cdc2. The BBL OPA fraction may be a source of novel
compounds for reducing the risk of developing adult T-cell leukemia.

NK cell activation potential of KP and their constituents are not well characterized
and the effect has not yet been verified in vivo. Therefore, the author attempted to validate
the NK cell activation potential of KP in vitro and in vivo. The author first separated
various fractions from KP using extraction with the pH-dependent organic solvent. Then,
the effect of the KP fractions on NK cell activation was determined by the amount of IFN-y
production using human NK cell line, KHY G-1. Acetone fraction from KP (KP-AF) was
found to have the strongest NK cell activation activity and the thermolability. KP has
shown to contain carotenoids, essentia oil, and flavonoids. Among tested seven
compounds, only B-cryptoxanthin exhibited the enhancement of IFN-y production in
KHY G-1. These results suggest that the NK cell activation effects of KP-AF from kumquat
may be caused by carotenoids such as (B-cryptoxanthin. The author examined whether
orally administered KP-AF also enhanced the NK cell activation of restraint stress mice.
Oral administration of KP-AF significantly improved the suppressed NK cytotoxic activity
per a splenocyte in restraint stressed mice. These results suggest that oral administration of
KP-AF enhance NK cytotoxic activity of splenocyte. NK cell activation effects of KP-AF
were confirmed by both in vivo and in vitro.

In conclusion, the author developed a new food functionality evaluation system. The
system was helpful in clarifying the active components and the mechanism of action in
vitro. Additionally, estimated effects by the system were confirmed by in vivo.
Furthermore, if more food functionalities can be presumed from the expression data of the
marker proteins at the same time, it will be useful as a first screening method of food
constituents for various beneficial purposes.
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In aquaculture, prevention of disease by enhancing immune status of fish is more desirable
than therapeutic treatment that has several weaknesses in implementation. Substances that
originate from bio-resources and are eco-friendly in nature can be used as broad-spectrum
immune enhancers. Screening of novel immune-stimulating substances may be useful by
assessing their effects on immune responses. Cytokine-mediated inflammatory responses
induced by immunostimulants remain to be less understood in fish. In this thesis, I have
tested two different type of bio-products for elevation of cytokine-mediated immune
response in the Japanese pufferfish (7Takifugu rubripes) and common carp (Cyprinus
carpio). Moreover, I have also endeavored to clarify involvement of pattern recognition|
receptors (PRRs), especially intracellular PRR, NOD-like receptor (NLR) in induction of|
pro-inflammatory cytokines upon immunostimulation in the Japanese pufferfish.

Firstly, I reviewed the arguments in favor of studying experimental fish
immune-stimulation trials to bring out basic mechanisms in immunology and more
specifically on cytokines. Here, I contended that immune-stimulation mechanisms in fish, in
particular cytokine functioning in response to different novel substances need more attention
as model systems in comparative immunology. Although, over the last few decades several
components have been tested as immunostimulants in fish, their exact mode of actions in
immunity still remain unknown to a great extent.

Lactic acid bacteria (LAB) have been demonstrated to be effective immune-modulators
in higher vertebrates. Two LAB strains, namely Lactobacillus paracasei spp. paracasei
(strain 06TCa22) and L. plantarum (strain 06CC2) isolated from the Mongolian dairy
products were evaluated for transcription 16 cytokines in the Japanese pufferfish head
kidney (HK) cells in vitro. The heat-killed LABs caused an elevated expression of all 16
cytokine genes in a varied manner as assessed by multiplex RT-PCR assay. However, a|
strain-dependent varied expression of important cytokines (cell-mediated immune
regulators, antiviral and anti-inflammatory cytokines) indicated better efficacy of L.
paracasei spp. paracasei strain as fish immunostimulant.

Using a similar molecular approach and some cellular biological assays, I proceeded to

examine efficacy of the previously evaluated L. paracasei spp. paracasei (Lpp) strain on

immune responses in the Japanese pufferfish in vivo. Immune responses in LAB




administered and post-administration Vibrio harveyi infected fish were evaluated. The
multiplex RT-PCR analysis pointed out the immune-stimulating role of the LAB in
influencing 16 cytokine gene expressions. Furthermore, there were an elevation in cellular
activities such as superoxide anion production and phagocytic activity, and decrease in|
pathogenic V. harveyi load in the treated fish. Enhancement of cytokine-mediated immunity
in the Japanese pufferfish and against V. harveyi infection by the use of the heat-killed Lpp
suggested its immunostimulating property. On the whole, there was a clear understanding
on the cytokine responses to LAB treatment and it supported a logical interference of the
experimental data towards a practical implementation of prophylactic strategy viz.
immunostimulation.

Baker’s yeast has been proved to be an effective immunostimulant in several animals.
Here, I tested a commercial baker’s yeast extract (CW-I) that contained nucleotides and
B-glucan on the immune responses in common carp. In baker’s yeast extract-treated fish, an|
up-regulated expression of pro-inflammatory cytokine (IL-1B, IL-12 p35 and p40, TNF-a,
CXC-chemokine, IFN-y2) and a down-regulated expression of anti-inflammatory cytokine
(IL-10) gene were observed. Additionally, an increased phagocytic activity and superoxide
anion production in kidney cells, and resistance to a bacterial pathogen, Aeromonas
hydrophila in the yeast extract-treated fish indicated the functionality of induced
inflammatory cytokines. The immunostimulatory effects of the baker’s yeast extract rich in|
nucleotides and B-glucan on the carp immune system were evident.

Cytoplasmic PRRs, NLRs have role in inflammatory response in vertebrates. A few
NLRs form a cytosolic multi-protein complex called inflammasome engaging inflammatory
caspase-1 and adaptor protein ASC to generate a mature inflammatory cytokine, IL-1.
Thirteen predicted NLR sequences of the Japanese pufferfish were retrieved in silico and
validated by expression analysis in HK cells stimulated with the Lpp, bacterial
lipopolysaccharide (LPS), nigericin (an inflammasome inducing antibiotic) and a
combination of nigericin+LPS. Elevated expression of certain NLR, caspase-1, ASC, IL-1B
and IL-18 genes in stimulated HK cells indicated inflammatory response. Enhanced cellular|
and humoral immune parameters (NBT assay, phagocytic and lysozyme activities) in|
stimulated cells further confirmed inflammatory response. One of the NLRs showing
potential to be an inflammasome candidate was cloned and characterized. Results suggested
activation of inflammatory immune response by the likely involvement of NLR gene as
inflammasome candidate in pufferfish. Further functional analysis on the processing of
IL-1P in the Japanese pufferfish would clarify the evolution of inflammasome functioning in
a teleost.

Overall, this research has demonstrated effects of some novel immunostimulants on
cytokine-mediated immune responses in fish and suggested their potential use in|

aquaculture. Moreover, role of cytosolic PRRs, NLRs was found to be associated with|

inflammatory response induced by immunostimulants in the Japanese pufferfish.
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