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In this paper, we systematically developed a study to create a human
Dectin-1-expressing cell-specific drug delivery system using SPG/DNA
complexes. Initially, we performed a detailed structural analysis of the
complex in solution to deepen our basic understanding of it. Subsequently, the
affinity between the complex and human Dectin-1 was evaluated. Based on
these results, we verified the delivery efficiency of nucleic acid drugs
targeting human Dectin-1-expressing cells. Through these stepwise studies,
our aim was to construct a new drug delivery system.

The study is composed of five chapters, each detailing the research process
and findings. This systematic approach enhances the understanding of novel
drug delivery system development and establishes a foundation for future
pharmaceutical applications.

Chapter 1 highlights the growing importance of pharmaceuticals in a
century-long lifespan era and addresses the challenges in their development.
Pharmaceuticals, vital for disease prevention and treatment, face challenges
like complex chemical structures and side effects. Overcoming these, nucleic
acid drugs emerge as a novel solution, though they face issues like in vivo
instability and difficult delivery. Advanced Drug Delivery Systems (DDS) are
essential for addressing these, and our technology, which combines
schizophyllan (SPG) with nucleic acid drugs, enhances stability and targets
disease sites effectively. This sophisticated DDS technology is crucial for
developing safer, more effective drugs. Despite proven targetability in mouse
models, verifying efficacy in human cells remains critical. This study explores
DDS challenges for human use and potential new therapies.

Chapter 2 discusses the structural analysis of the SPG/DNA complex in
solution. This analysis is critical in drug development, significantly impacting
the drug's pharmacokinetics and interaction with biomolecules, thus affecting
its efficacy and safety. The structure of polymeric drugs like SPG/DNA
complexes offers insights into solubility, viscosity, and distribution, essential
for drug design, stability, and delivery system development. This study
revealed that DNA binding to SPG forms a complex, influencing molecular
weight distribution and enabling the creation of complexes with precise size
control, similar to low-molecular-weight compounds. Tailoring molecular

weight distribution is crucial for optimizing drug delivery efficiency and



therapeutic efficacy, offering new design principles for nucleic acid drug
development.

In Chapter 3, we examined whether the complex could be applied to DDS
technology targeting human Dectin-1. Initially, we evaluated the affinity of
the complex to six variants of human Dectin-1. Among these, only two
variants were found to bind to SPG. However, the complex demonstrated the
ability to bind to all variants. Despite this, the efficiency of cellular uptake of
the complex varied significantly among the variants, which markedly affected
the efficacy of the nucleic acid drug. This difference in uptake was primarily
attributed to the glycosylation of the variants. Building on these findings, we
developed a novel genetic analysis technique that combines PCR and
bioanalysis to identify Dectin-1 variants. This technology enables us to
determine the specific Dectin-1 variant profile of each individual patient
quickly and accurately. This advancement lays the groundwork for developing
complex-based treatment strategies tailored to individual patients,
potentially leading to more effective therapies with fewer side effects. This
research is anticipated to broaden the scope of applications for DDS
technology using complexes and to forge new paths in the fields of
personalized and precision medicine, thereby having a significant impact on
the development of future therapeutic strategies.

In Chapter 4, we investigated the delivery of nucleic acid drugs targeting
human Dectin-1-expressing cells using complexes. Specifically, antisense DNA
and CpG-ODN were delivered to target genes in the cytoplasm and to the
receptor TLR9 in endosomes, respectively, by means of these complexes. The
experimental results indicated that smaller complexes were more effective for
delivering antisense nucleic acids, while larger complexes were more suitable
for CpG-ODN. This variation in efficacy may be attributed to the differences
in intracellular kinetics caused by the size of the complexes. Based on these
findings, we can propose a new strategy to optimize the physicochemical
properties of the complexes according to the type of nucleic acid drug and the
therapeutic target. By tailoring the size and other characteristics of the
complexes, we expect to enhance drug efficacy and reduce side effects. This
approach has the potential to improve therapeutic outcomes and patient
safety by increasing the efficiency of nucleic acid drug delivery.

Chapter 5 summarizes the results obtained in this thesis.
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Science and technology play an important role in modern medical science,
and one of the examples is drug delivery system (DDS). DDS refers to the
technology used for effectively and safely delivering therapeutic drugs to
specific sites within the body. For the purpose in DDS, nanomaterials have
been often used, and they have enabled efficient drug delivery, reduction of
side effects, and precise targeting of cells. Formulations using nanotechnology,
such as incorporating physiologically active substances into nanomaterials,
are collectively referred to as nanomedicine. As the nanomedicines’ building
block, synthesized polymers have played a crucial role due to their
adaptability, flexibility, and variability. These materials are designed to
optimize interactions with biological systems, and by altering their properties
as necessary, they function effectively as nanomedicines.

In the realm of nanomedicine, the complex material properties, such as
components, morphology, surface characteristics, inter-/intra-molecular
interactions, and interactions with biomolecules, directly impact the behavior
and efficacy of formulations within the body. This complexity and diversity in
formulations lead to challenges in Chemistry, Manufacturing, and Control
(CMC) in the development of nanomedicine. To address these challenges, it is
necessary to understand the material properties as previously discussed and
design nanomedicines based on this understanding. This paper discusses the
design of nanomedicines based on the understanding of the properties of
polymer materials.

This thesis was composed 8 chapters. Chapter 1 serves as an introduction,
detailing the trends and current situations of nanomedicine research. Chapter
2 discusses the control of nanomedicine via the interplay between synthetic
polymers and biological polymers. In Chapter 3, a design of polymeric
materials targeting cancer cells was described. In Chapters 4 and 5, the focus
was on the development of nanomedicine using molecular bottlebrush
polymers, which have controlled morphology and are based on biocompatible
materials. Chapter 6 provides a detailed structural analysis of polymeric DDS
carriers made from polyacrylic acid, discussing the results of understanding
their physical properties. Chapter 7 reveals the formation process of the DDS
carriers mentioned in Chapter 6 and discusses the results of investigations
into the controllability of their physical properties. The final chapter, Chapter
8, presents several conclusions and discusses the potential for expansion of

this research.
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Vietnamese firefighters’ roles have expanded from fire prevention and
firefighting to rescue activities in various situations. This study aimed to find
out the causes leading to difficulties in practicing rescue plans for Vietnamese
firefighters and to develop emergency exercises to improve the rescue capacity
of firefighters and other fire forces in Vietnam.

Chapter 1 summarized the existing ideas about designing and conducting
emergency exercises and then specified the objectives of this study. Chapter 2
summarized the theoretical and legal basis of current firefighting exercises in
Vietnam, reviewed previous studies on emergency exercises, and
characterized the situation of emergency exercises for firefighters in Vietnam.

In Chapter 3, based on a survey of firefighting agencies in 16 provinces in
Vietnam, the status of firefighting and rescue training and the facilitating
and hindering factors involved in its implementation are extracted. Problems
were clarified by comparing firefighting agencies that were able to conduct
frequent training and those that were not, based on existing government
statistics. Chapter 4 explored effective evaluation methods for training
outcomes, using the example of a functional exercise for firefighting students
at the University of Fire Prevention and Fighting (UFPF), Vietnam, based on
a landslide scenario. A survey of firefighting students revealed that an
application of the full set of Bloom's taxonomy expanded findings in
evaluating the students. The results from the knowledge domain evaluation
using the taxonomy and the skill domain evaluation by expert faculty
members favored oppositely between the students with firefighting experience
and others, suggesting that the use of multiple indicators was necessary to
recognize the diverse abilities of students. In Chapter 5, an efficient method
for selecting training injects for functional exercises was introduced. This
method was intended to facilitate exercise designers to selectively improve
desired types of rescue capabilities. The Analytic Hierarchy Process was used
to quantitatively identify the relationships between rescuers’ action types and
capabilities under three types of natural disasters namely landslide, flood,
and fire cases. A pairwise comparison-type survey was conducted with the
experts from UFPF and the decision weights that linked the action and
capability types were estimated. These weights were then used to effectively
select exercise injects so that the exercise could foster the desired capabilities.
Chapter 6 summarizes the above results and provides suggestions for further

development.
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Developing distributed energy efficiency measures is considered a critical
solution toward the sustainable transition to decentralized and decarbonized
building energy systems. This work selects zero energy houses and in Kyushu
as the research objectives, explored the flexibility performances and potential
of different distributed energy resources, and evaluated the operation of grid
interactive dispatch . Thus, providing the references for policy worker.

IN CHAPTERI, highlighting the carbon reduction efforts in residential
sector. The challenges associated with rising renewable penetration and the
importance of demand-side participation have been introduced.

IN CHAPTER 2, characteristics and attributes of decentralized and
low-carbon energy technologies in residential building for enhancing energy
efficiency and reducing carbon emissions are described.

IN CHAPTER 3, using behind-meter data, providing the detail
performances of house energy consumption, generation.

In CHAPTER 4, firstly introduced the energy flexible building concept, then
the modeling process of heat pump water heater, battery storage and building
thermal mass are described in detailed.

CHAPTER 5 focusing on increasing the on-site PV generation and reducing
energy cost, this chapter described the flexible dispatch performances of
distributed PV, home heat pump, battery storage systems.

In CHAPTER 6, explored thermal energy flexibility of building thermal
mass, case studies were presented to investigate the optimized performances
of flexible space heating systems using model predictive control. This chapter
also uses optimization model to achieved the trade-off between energy
consumption and indoor thermal comfort conditions.

CHAPTER 7 using real-world data (supply-side data, spot price,
demand-side data), optimized results compared scheduling performances of
the distributed energy resources under fixed feed-in tariff and dynamic spot
price, assessing their ability to contribute to grid flexibility.

CHAPTER 8 is CONCLUSION AND PROSPECT. Summarizes the
conclusions of each chapter and the optimization strategies of distributed

energy resources usage were proposed.
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With the rapid development of globalization, industrialization, urbanization,
and informatization, numerous economic activities are aggregated in cities,
resulting in uneven resource distribution between urban and rural areas.
When a school is non-operational, it delivers neither the fundamental spatial
value nor contributes with its neighbors. This research conducts 15 school
architecture analyses on their regenerative programs to evaluate the
relationship between space order, territory differentiation, user behavior
reaction, and user perception of the built environment. A study of establishing
a linkage to the local community is also the research mission to achieve.

In Chapter 1, research background, purpose of research, research objectives,
research region and flow chart area introduced as bas of the research study.

In Chapter 2, theoretical background and literature reviews are elaborated
to find the appropriate methodologies within the school regeneration design
process and overall built environment in the social context.

In Chapter 3, the research methodologies are investigated the potential
impact on design creativity using the basic theory of space syntax and
proxemics to study the territory, space order, and users’ behavior experience.
It combined the result to use the MoSCoW method and space matrix to explain
the scope of the research.

In Chapter 4, the result of the space order and space characteristic are
explained the hierarchy context of the regeneration school layout in total 15
school regeneration cases.

In Chapter 5, the different of territory zone in all 15 school regeneration
cases are explained the space function is related to user’s need that is
described and analyzed with factors such as diversity, exhibition, learning,
and industry activity.

In Chapter 6, Territory, function, and users’ needs are three aspects and to
use relevant criteria to accomplish an instruction to assessed the appropriate
suggestion to assist the school regeneration project to be revitalized.

In Chapter 7, evaluation on all findings based on Chapter 4,5, and 6 are
discussed the regenerative evaluation form to reuse the school space studies
are conducted to see the advantage and threats in the application of how
different revitalization approaches might lead to diverse interaction patterns
in the areas, which focuses on the transformation from space to place and the
genius loci creativity.

In Chapter 8, the main findings of study are summarizing, limitation, and

suggestion for future study are described.
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This research explores the extent of ethnography-based intensive
architecture memory recollection method as a substitute for resourcing past
houses for studies on vernacular architecture transformations. To understand
the local history, social context and vernacular architecture of the past is
important, especially in culturally sensitive designs. Unfortunately, not all
places have sufficient written records of their past. The method applied in this
research is based on the theory of transformation with memory recollection
theory. The method is applied through desk study, direct observation, and
in-depth interviews. The interviewees are from four local ethnic groups for a
more rounded perspective in the transformation of vernacular architecture in
Labuan Bajo and to assess whether the memory system they have is related to
the tradition of their ethnic groups. This research also assesses which memory
system is beneficial for memory recollection, especially on house history.

In Chapter 1, research background, purpose, methodology and flow were
introduced as base of study.

In Chapter 2, theoretical background and literature reviews were
elaborated to find the suitable methodologies within the historical and social
context.

In Chapter 3, the methodologies are explained based on the two theories
and the scope of the research was described.

In Chapter 4, the historical and social context of the town was explained as
a base data to further analyze the vernacular architecture transformation and
memory recollection process in the next chapters.

In Chapter 5, the transformation of vernacular architecture experienced by
the informants were described and analyzed with factors such as ethnic
1dentities, period of construction and proximity to tourist activities. The local
design principles are also found in this research.

In Chapter 6, the memories shared during the interviews were analyzed to
assess which memory system the informants have and how deep can the
memory recollection be used in some cases of vernacular architecture
transformation studies.

In Chapter 7, an analysis on the use of memory recollection in vernacular
architecture transformation studies is conducted to see the strengths,
weakness, opportunities, and threats in the application of this methodology.

In Chapter 8, the main findings of the study were summarized, and

limitations and suggestion for future study were described.
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The main application of today's network is the delivery services of video
content, such as Video on Demand (VoD), which accounts for approximately
80% of the total network traffic. In the near future, the proliferation of IoT
(Internet of Things) services is expected to lead to the influx of a large amount
of 10T content into the network. Therefore, there 1is a need for solutions to
support the current network usage that revolves around content distribution.
A new network architecture called Information-Centric Networking (ICN) has
attracted attention as a potential solution. ICN is designed around the
concept that when consumers access content, they are indifferent to the
identity of the content provider. This design allows direct exploration of
content in the network without being dependent on the content provider by
changing the destination of content request from the traditional IP address to
the content name. To take advantage of this design concept, content routers
(CRs), which are intermediate routers, are assigned the role of both
forwarding and caching content. This allows replicated content to be
distributed throughout the network while acting as a substitute for content
providers. Therefore, ICN can handle the content requests using them without
the intervention of content providers, which contributes to balance server and
network loads and reduce content delivery latency.

However, the cache size of CR is significantly smaller compared to the huge
amount of content in the world, so it is obviously impossible to cache them.
Therefore, it is an important issue to be addressed by ICN to consider how to
use these cashes, since they have a significant impact on the performance of
content retrieval. In recent years, clustering schemes have been proposed to
address this issue. These schemes group several CRs (i.e., cluster) in the
network and apply efficient content placement and routing within each cluster.
This allows the majority of consumer content requests to be resolved by
utilizing a near cluster. However, I believe that we can achieve more efficiency
by focusing on the following two points, which are still open for discussion: 1.
How to efficiently use surrounding clusters, and 2. How to adapt to changes in
content demand trends.

Therefore, in this dissertation, as a solution for the efficient use of caches in
ICN to meet the recent demand for content distribution, I propose a clustering
scheme that considers issues 1 and 2. This proposed scheme efficiently

provides content delivery by making the clusters that efficiently clustered and
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distributed content according to the network situation, and flexibly explores
valuable content from the clusters. Furthermore, the effectiveness of the
proposed scheme has been demonstrated through simulation evaluations.

The dissertation consists of six chapters. In the first chapter, the
background, objectives, and structure of the dissertation were introduced.

Chapter 2 provided an overview of the emergence of ICN, its basic
operations, related work, and the two specific issues 1 and 2 addressed in this
dissertation.

Chapter 3 focused on issue 1 and proposed an efficient content distribution
and exploration scheme for clustering. This scheme uniformly distributes
content to each cluster in a distributed caching manner, and dynamically
updates the routing table based on cooperation among CRs across the cluster
boundary. As a result, consumers can explore the nearest content from
surrounding clusters. Through simulation evaluations, the proposed scheme
demonstrated improved cache efficiency and content delivery latency
compared to conventional schemes by using surrounding clusters/caches.

Chapter 4 focused on issue 2 and proposed a dynamic clustering scheme to
adjust the cluster size according to the fluctuating content demand trends.
This scheme effectively estimates the appropriate cluster size using a control
algorithm based on the frequency of cache updates in the cluster. As a result,
it enables the construction of consistently appropriate clusters in adjust to
shifting content demand trends. Simulation evaluations indicated that the
proposed scheme reduces delivery latency while consistently maintaining a
high cache efficiency in an environment with changing content demand
trends.

Chapter 5 delved into the adaptability of the proposed scheme in practical
networks. While the design and effectiveness of the proposed scheme were
discussed based on a simple topology in Chapters 3 and 4, applying the
scheme to practical networks requires establishing a clustering scheme for
their networks and evaluating its performance in terms of topology
dependence. Therefore, I proposed a clustering scheme for practical networks,
and through simulation evaluations, it was clarified that the proposed scheme
indicated sufficient applicability in practical networks.

Chapter 6 concluded the study and addressed future work. By deploying the
proposed scheme in the network, clusters automatically formed based on
content demand trends from consumers will contribute to improving the

quality of services regarding diverse content distribution in the future.
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