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Development of Multifunctional Biosensors for Portable In Vitro Diagnostics

Diagnosis as a primary form of prevention plays an essential role in modern healthcare. In fact, in
vitro diagnostics contribute to over 70% medical decision making. As diseases become increasingly
diverse and complex, portable in vitro diagnostics (PIVD) - characterized by speed, simplicity, us-
er-friendliness, and affordability - can effectively help alleviate the growing burden on healthcare
systems. This work emphasizes interdisciplinary applications and focuses on the development of
novel multifunctional biosensors to address unmet clinical needs. Specifically, it targets immuno-
assays and nucleic acid detection, aiming to overcome the current limitations of PIVD related to
single-function capabilities and limited target analytes.

Chapter 1 introduces the importance of diagnostics in modern healthcare, current requirements,
and existing limitations, in addition to providing a general overview of the concept of biosensing.

Chapter 2 describes the general background of in vitro diagnostics (IVD), highlighting the shift
from centralized laboratory testing to point-of-care (POC) settings. It discusses the general com-
position of biosensors, including biorecognition elements and signal transduction methods. It pro-
vides an overview and fundamentals of conventional immunoassays and nucleic acid detection
techniques.

Chapter 3 discusses the development of a multiplexed, semi-quantitative lateral flow immuno-
assay (LFIA) enhanced by 3D printing technology. It introduces a novel immunochromatograpic
device capable of detecting multiple analytes using minimal sample volumes. The integrated device
incorporates gold nanoparticle-labeled antibodies and inkjet-printing technology, enabling
semi-quantitative, naked-eye visible readouts and multiplex analyte detection.

Chapter 4 discusses the development of a user-friendly nucleic acid detection biosensor, a con-
cept not yet applied in PIVD. The system integrates CRISPR/Cas technology coupled with alkaline
phosphatase (ALP)-conjugated gold nanoparticles. Acrylic resin is employed as the substrate, en-
abling portable, rapid, and user-friendly colorimetric detection observable by the naked eye, with
additional support for smartphone-based quantitative analysis. This approach combines high sen-
sitivity and specificity, paving the way for accessible nucleic acid testing technologies for end users.

Chapter 5 summarizes the findings of this thesis, emphasizing that the developed biosensor
platforms align with the ASSURED criteria (Affordable, Sensitive, Specific, User-friendly, Rapid,
Equipment-free, Deliverable). This work highlights the importance of embracing interdisciplinary
approaches, especially for advancing biosensor technologies and expanding their potential impact
on global healthcare solutions.
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Advancing Quantum-Classical Hybrid Workflows: Algorithm Selection,
Circuit Generation, and Optimization for NISQ Processors

Quantum computing represents a novel computing paradigm with the potential to revolutionize
problem-solving in science and technology. This thesis introduces a comprehensive quantum-hybrid
computing workflow encompassing three core components: algorithm selection, circuit automation,
and circuit optimization. To enable effective algorithm selection, a survey of 15 realistic quantum
algorithms is conducted, and they are systematically organized based on their computing theory, circuit
structure, and targeted applications. This structured approach not only aids in selecting suitable
algorithms but also defines the necessary circuit generation parameters, providing a strong foundation

for subsequent workflow steps.

For circuit automation, the Q-gen quantum circuit generator is presented as an intuitive and
powerful tool for creating practical quantum circuits. Q-gen supports researchers and developers of
varying expertise levels by offering tailored generation parameters for 15 quantum algorithms. lts
capabilities are demonstrated through the creation of a large quantum circuit dataset, revealing
extensive coverage of circuit properties such as size, depth, and gate counts. This automation
framework accelerates progress in current Noisy Intermediate-Scale Quantum (NISQ) applications and

provides a seamless integration pathway for future quantum computing workflows.

To address circuit optimization challenges, the Q-fid system is introduced for accurately predicting
the fidelity of quantum circuits executed on NISQ processors. Recognizing the sensitivity of NISQ
processors to external noise, Q-fid leverages LSTM neural networks to learn the noise characteristics
of qubits and quantum gate interactions without relying on explicit hardware calibration data. The
system employs a novel text-based modeling method for quantum circuits and uses the d-R*2 metric
for intuitive fidelity evaluation. Comparative analysis with mapomatic confirms Q-fid's effectiveness in
characterizing qubits, gates, and circuit structures. Together, these advancements contribute

significantly to the development of the quantum-classical computing workflow.
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Thesis Title

Simple Electrochemical Detection Methods of Metabolites and Drug
with Bare BDD Electrodes

This thesis uses the simple electrochemical redox method to measure metabolites and drugs in
human biofluids for sustainable biosensing techniques. In particular, based on boron-doped
diamond (BDD) with excellent sensitivity, durability, and resistance to non-specific adsorption,
target-selective determination methods have been developed.

Chapter 1 introduces the background and purpose of this study.

Chapter 2 describes the study of urinary NaNO. selective determination on a bare BDD
electrode. Without adding other reagents for measurement, such as enzymes, the measurement
uses a simple electrochemical approach with an oxidation step followed by reduction. This work
focuses on the reduction potential range for the detection. It is different from many previous
literature reports on the oxidation reaction. Spiked NaNO, was determined by cyclic voltammetry
and differential pulse voltammetry within two pooled and three individual urine samples. We found
that the linear response ranges for sodium nitrite detection were 0.5-10 mg/L and 10-400 mg/L and
obtained the calibration curve, with the limit of detection (LOD) being clinically relevant.

Chapter 3 describes the selective detection of urinary creatinine (CRE) on a bare BDD
electrode. A similar strategy of electrochemical oxidation followed by reduction is employed. This
measurement consists of continuous electrochemical redox of CRE with added reagents of Cl- and
NaNO.. Concentration dependence of CRE in the range of 100-2500 mg/L and 0-25 mg/L is
fulfilled successfully. We tested CRE measurements in two pooled urine and six individual urine
samples diluted with D-PBS with 30 mg/L NaNO; added. The calculated CRE results have good
agreement with those obtained from the Jaffé method. This strategy may potentially detect urinary
creatinine, which might be clinically valuable.

Chapter 4 describes the edoxaban (EDX) determination on a bare BDD electrode. In this
method, no other reagents are added. EDX is detected by using a similar oxidation followed by a
reduction strategy. The study discusses the different electrochemical redox states of EDX on the
BDD electrode. The reduction peak for the determination of EDX can be observed only after the
electrochemical oxidation process. In PBS, EDX shows a good linearity with the LOD smaller than
other electrodes. The same procedure measures EDX in human plasma, and the concentration
dependence indicates this method has the feasibility of EDX determination on bare BDD.

Chapter 5 summarizes the results of this study and provides the future perspective.
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Person Identification with Deep Neural Networks: A Comparative Study of CW Radar,
LiDAR, and IR Array Sensors

Person identification is a foundational task in biometrics, enabling systems to recognize individuals
based on their physiological or behavioral traits. It plays a critical role in applications such as
surveillance, healthcare monitoring, secure access control, and human-computer interaction.
Conventional identification systems typically rely on RGB facial images or physical credentials, which
perform well under constrained conditions. However, in real-world scenarios involving low lighting,
occlusion, disguise, motion blur, or low-resolution inputs, these systems often fail to deliver reliable
performance.

To overcome these limitations, there is a growing need for non-contact, robust identification
systems that can operate across a wide range of environments. This dissertation addresses this
challenge by investigating alternative sensing modalities beyond conventional RGB inputs. Specifically,
it explores the use of radar-extracted physiological signals, infrared (IR) array sensors with LiDAR, and
thermal facial imaging, each combined with deep neural network architectures. The overarching goal
is to evaluate and improve the robustness, interpretability, and generalization of person identification
systems under practical, unconstrained conditions.

The first part of this study explores heartbeat-based person identification using continuous-wave
(CW) Doppler radar. Two signal representations are compared: direct time-series classification and
spectrogram-based image classification. Models such as InceptionTime, ResNet, and a custom CNN
are applied to evaluate performance under realistic conditions. To assess robustness, the radar signals
are corrupted with various noise types—including Gaussian, impulse, speckle, and salt-and-pepper
noise. To mitigate the effects of noise, four time-series denoising techniques (Savitzky—Golay filter,
wavelet denoising, median filtering, and Butterworth low-pass filtering) and three image-based
methods (autoencoder, Deep Image Prior (DIP), and Dilated-Residual U-Net (DRUNet)) are
implemented. Results show that spectrogram-based models can achieve up to 100% accuracy in
noise-free settings, and that DIP and wavelet-based methods significantly improve performance under
high-noise conditions. These findings demonstrate the feasibility of radar-based physiological

identification and highlight the importance of denoising strategies for real-world deployment.

The second part focuses on spatial imaging modalities, using IR array sensors and LiDAR to
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collect RGB, thermal, and depth images across resolutions from 16x12 to 640x480. Vision Transformer
(ViT) and ResNet34 are evaluated across these modalities. While RGB images perform best at high
resolution, thermal imaging shows consistent performance even at low resolution due to stable model

attention. Depth data, while useful for shape, suffers from scattered focus at lower resolutions.

In the final part, we investigated facial image-based identification, emphasizing robustness under
disguise, occlusion, and domain shifts. Experiments on the Pontificia Universidad Catdlica de
Valparaiso-Drunk Thermal Face database (PUCV-DTF), IRIS (Imaging, Robotics, and Intelligent
Systems) dataset, and a custom-collected multi-modal dataset show that ViT achieves high accuracy
in clean conditions but struggles with generalization. ResNet-based models offer improved robustness
under low resolution and occlusion. Cross-subject and cross-dataset tests reveal limited

generalizability, while integrated gradients highlight modality-specific attention behaviors.
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Non-Invasive Detection of Dementia Through Language and Diagnosis Video Data:
Machine Learning Methods and Applications

Alzheimer’s disease, as the most prevalent form of dementia, accounts for approximately 60—70% of
all dementia cases. It is currently incurable with existing medical treatments. Timely diagnosis and
intervention are proved to be the effective method to slow down the progression of dementia and
improve the quality of life for patients and their families. Therefore, non-invasive and easily accessible
methods for early detection are essential.

This dissertation explores the application of machine learning techniques to enhance early dementia
detection, focusing on the analysis of language and diagnosis video data. Specifically, we investigated
the use of various machine learning models, including long short-term memory networks, transformers,
convolutional neural networks, and other models to identify dementia-related patterns in speech data
from the DementiaBank dataset and video data from the PROMPT dataset. The goal is to develop
non-invasive, easy-to-use and affordable methods that can assist in the diagnosis of dementia, thereby
improving patient outcomes and facilitating timely interventions.

Chapter 1 introduces the background of dementia and its impact on individuals and society,
emphasizing the need for early detection and the potential of machine learning to address this
challenge. It outlines the main objectives of the dissertation, concentrating on developing non-invasive
and easy-to-use methods for early dementia detection methods. It also provides an overview of the
challenges we encountered and the contributions we have made in overcoming these challenges, which
mainly includes data scarcity, lack of explanation, low data quality, and institutional bias.

Chapter 2 focuses on language-based dementia detection using language models adapted from
natural language processing. Despite several studies demonstrating the potential of language models in
dementia detection, it remains a challenge to provide the patients and clinicians with justifiable and
validatable explanations. In this chapter, we propose a novel approach that separates the semantic and
syntactic components of language, allowing for a more understandable analysis of dementia-related
patterns. Distinctively, we proposed leveraging stop words and part-of-speech sequences, to capture the
syntactic structure of language, while context words are used to capture the semantic content. By
separately analyzing these two components, we aim to provide clearer post hoc explanations for the
model’s predictions, providing validatable explanations for the patients and clinicians as to which part of
the language is impaired. We evaluated several models, including traditional n-gram models, long
short-term memory networks, and attention-based models. Specifically, three models were developed:

one using only context words (semantic features), one using stop words and part-of-speech sequences

- 26 -




(syntactic features), and one combining both types of features. Experimental results showed that both
semantic and syntactic features contribute to dementia detection, while syntactic features contribute
more significantly. The three models achieved accuracies of 70.00%, 76.16%, and 81.54%, respectively.

Chapter 3 leverages the capabilities of recent large language models to generate text embeddings
and utilizes autoencoders for anomaly detection in dementia-related data. In this chapter, we proposed a
zero-shot learning approach to detect dementia using healthy data only and a binary classification
method using both healthy and dementia data. We explored the effectiveness of different text
embeddings, including those from RoBERTa and LLaMA models, in capturing the nuances of
dementia-related data. We experimented with various autoencoder architectures, including deep
autoencoders, denoising autoencoders, and variational autoencoders, to assess their performance in
detecting dementia. The results demonstrated that the choice of architecture and latent dimension
significantly impacts the performance of the autoencoder in detecting dementia. Denoising
autoencoders, particularly with a noise level of 0.3, achieved the highest average accuracy, indicating
that adding noise during training can help the model generalize better to unseen data.

Chapter 4 explores the potential of face-related features for dementia detection using the PROMPT
dataset. In this chapter, we first identified and proposed methods to reduce the institutional bias in the
PROMPT dataset, caused by limited data collection from several limited institutions. After identifying this
bias, we extracted the three types of features from the diagnosis video recordings, including face mesh,
histogram of oriented gradients features, and action units, and evaluated their effectiveness in
distinguishing between dementia patients and healthy controls. Traditional machine learning and deep
learning models were trained on these features to investigate their effectiveness. Among them,
histogram of oriented gradients features achieved the highest accuracy of 79%, followed by action unit
features with 71%, and face mesh features with 76%. These results suggest that facial information
serves as a valuable indicator for automated dementia detection and highlight the importance of
exploring non-verbal behavioral cues.

Chapter 5 summarizes the dissertation, highlighting its key points and contributions, and suggesting

possible future work.
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Al-Powered Optimization Approaches for Antenna Beamforming
in Multi-Cell HAPS Systems

High altitude platform station (HAPS) systems have emerged as a key solution to address the
increasing networking demands of the Internet of Things (loT), providing wide-area coverage, low
latency, enhanced network resilience, and cost-effective service delivery, particularly in remote
regions. Given that the continuous movement of HAPS and the inherent mobility of user
equipments (UEs) often lead to low and unevenly distributed UE throughput, it is crucial for HAPS
systems to dynamically control the antenna using beamforming techniques. However, the current
reactive approaches to dynamic control fail to effectively minimize the number of low throughput
UEs and achieve low time complexity. To overcome these challenges, we propose a
clustering-aided particle swarm optimization (PSO) algorithm to determine the antenna parameters,
enabling HAPS to configure multiple cells and dynamically control beams based on UE distribution.
This algorithm leverages UE clustering information to redefine the search space, reducing the
complexity while enhancing the ability to find the global optimum. Specifically, we propose a novel
regulated K-means algorithm that groups UEs into appropriately balanced clusters, precisely
reducing the search space for global optimization. Simulations using real-world UE distributions
demonstrate that our proposed method outperforms conventional approaches in reducing low
throughput UEs and providing balanced throughput distribution, while maintaining low
computational complexity.

To further address the limitations of iterative optimization in real-time scenarios, we extend this
work by proposing a neural network-based beamforming optimization approach. Although the
clustering-aided PSO algorithm has demonstrated the state-of-the-art performance in dynamically
determining antenna parameters, it relies on iterative search, which introduces result instability and
constrains real-time applicability. Meanwhile, an earlier attempt to use a multilayer perceptron
(MLP) model for direct prediction offer shorter computation time but cannot achieve throughput
quality comparable to that of the state-of-the-art method. In contrast, our proposed model directly
predicts antenna parameters from UE distribution, replacing the iterative search process with a
neural network. Evaluated using the real-world distribution data, the results demonstrate that our
proposed method effectively enables stable real-time decision-making while maintaining throughput
performance close to the best existing iterative optimization method.
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Contactless Vital Signal Detection and Activity Recognition
via Deep Learning with Radar and Doppler Ultrasound

This thesis investigates robust, non-contact sensing methodologies for physiological signal
estimation and human behavior understanding using Doppler ultrasound (DUS) and millimeter-wave
(mmWave) radar technologies. In response to growing demand for non-contact, privacy-preserving
monitoring in healthcare, smart home, and rehabilitation applications, this work aims to develop deep
learning-based systems that can reliably interpret sparse, noisy, and environment-sensitive signals in
contactless sensing systems.

Chapter 2 of this thesis addresses fetal heart rate (FHR) estimation from DUS signals. We propose
a robust framework that integrates time-frequency domain information of DUS signals via short-time
Fourier transform (STFT), dual autocorrelation-based peak tracking, and an unsupervised signal quality
assessment (SQA) module based on variational autoencoders (VAEs) and self-organizing maps
(SOMs). This design enables fetal heart rate estimation while adaptively excluding low-quality signal
segments, achieving improved accuracy and robustness without requiring ground truth annotations.

Chapter 3 presents a rough-to-fine heart rate estimation framework using MIMO FMCW radar. This
system integrates Curve-Length (CL)-based person localization and a deep Convolutional Neural
Network (CNN) model that refines heart rate (HR) estimation using both filtered IQ signals and coarse
HR estimates. The approach supports short-window inference, making it suitable for real-time health
monitoring.

Chapter 4 focuses on human skeleton estimation using multi-frame mmWave radar point cloud
sequences. A CNN and Bi-directional Long Short-Term Memory (BiLSTM) architecture is developed to
capture both spatial structure and temporal dynamics, while an Long Short-Term Memory (LSTM)-based
point cloud reliability assessment mechanism selectively suppresses unreliable input frames. The
proposed model avoids voxelization and maintains real-time performance, significantly enhancing
accuracy in low-quality data scenarios.

In Chapter 5, we extend the framework introduced in Chapter 4 and introduce mmPoint-Attention, a
unified Transformer-based architecture for human pose estimation and activity recognition. This model
incorporates attention and Transformer encoder layers for both human pose estimation and activity
recognition. Evaluations on MM-Fi and mRI benchmark datasets demonstrate that mmPoint-Attention
outperforms prior voxelized or two-stage models while maintaining computational efficiency.

Collectively, the contributions of this thesis form a comprehensive foundation for robust and efficient
contactless sensing systems. By advancing deep learning-based technologies, this work provides

practical methodologies for future smart sensing platforms in healthcare intelligence.
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Modern information systems and applications increasingly rely on large-scale data collection and
sharing to provide intelligent services. However, data sharing carries significant privacy risks that can
seriously compromise individual privacy. When sensitive information is not properly managed or used
for unauthorized purposes, privacy issues such as leakage of users' personal data will arise,
potentially discouraging users from sharing their data and thereby hindering the advancement of

data-driven research.

This thesis presents three novel anonymization approaches that address the fundamental
challenge of enabling secure data analysis while protecting sensitive information from untrusted
entities. The proposed approaches focus on practical anonymization solutions that satisfy data

owners' privacy requirements while preserving data utility for research and analytical purposes.

The first approach develops a central differential privacy scheme that allows for data analysis
without revealing the private information of a user. Particularly, when computing the statistics of the
original dataset, it cannot be determined if the original dataset contains a specific individual’s data. It
generates the perturbed dataset in the encrypted domain using homomorphic encryption. The
unmodified data of each user is not exposed to the data curator; therefore, data users do not need a
trusted data curator. Compared with existing models in which significant amounts of noise are locally
added before sending data to the data curator, the proposed scheme adds considerably less noise

while maintaining the same privacy requirements, resulting in enhanced data utility.

The second approach presents a privacy-preserving hierarchical k-anonymization framework over
encrypted data. The framework divides the computational domain into two different domains: local
and global, where different secure computational methods are conducted flexibly. Homomorphic
encryption is conducted in the local domain with limited computational power, whereas secret sharing
is conducted in the global domain with sufficient computational subjects. The hierarchical structure is
achieved by sending the anonymized results of local domains to global domains, which can achieve
higher-level anonymization. The experimental results show that connecting two domains can
accelerate the anonymization process by more than two times, with the total execution time reduced

by 61.7% while information loss increased by only 5.6%.
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The third approach introduces a flexible two-stage k-anonymization framework for unstructured
clinical records that adapts to various language models. The framework combines natural language
processing methods and privacy-preserving techniques, where the first stage extracts sensitive
entities from narrative clinical records according to identifiers predefined by existing privacy rules, and
the second stage generates anonymized data that satisfies k-anonymity. Fine-tuned Bidirectional
Encoder Representations from Transformer (BERT) models and prompt-driven Large Language
Models (LLMs) were developed and customized in this framework. Experimental results demonstrate
that the framework achieves high F1-scores of over 90% across multiple entity types, and the
two-stage structure allows for dynamic adjustment of entity categories and anonymization strategies

to comply with various privacy regulations.

In summary, these contributions advance the field of privacy-preserving data anonymization by
providing practical, deployable solutions that bridge the gap between theoretical privacy guarantees
and real-world implementation requirements. The proposed approaches demonstrate that effective
anonymization can be achieved without sacrificing data utility, enabling secure data sharing across

diverse application domains including smart cities and healthcare systems.
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Cost-Efficient Text Classification without Manually Labeled Data

Text classification helps manage large volumes of unstructured data. Its applications are manifold:
analyzing software user feedback to guide developers in maintenance and evolution; performing sentiment
analysis on customer reviews to help enterprises enhance products and services; detecting toxic comments
to filter harmful content; and conducting topic categorization to organize and retrieve documents efficiently.
However, most machine-learning-based approaches rely heavily on large amounts of manually labeled data
for training. Moreover, when viewed through the lens of software engineering for machine learning, practical
deployment faces additional hurdles, including the need for domain expertise and substantial computational
resources. This dissertation investigates how to design cost-efficient and accessible ML-based text
classification systems that require little or no manual labeling, while also aiming to lower the barriers related
to computational resource consumption and the need for expertise.

Two complementary, cost-efficient text classification systems are presented in this dissertation. The first
system trains a domain-adapted language model through self-supervised learning and combines
unsupervised clustering with active learning to identify the most informative instances for labeling. This
system enables accurate classification of software engineering-oriented game user reviews while requiring
only a small number of labeled instances. The second system embeds a large language model as an oracle
within an active learning loop, delivering cost-efficient cross-task text classification—including sentiment
analysis, news topic categorization, and toxic comment detection—without any manually labeled data.

The proposed systems were evaluated through comprehensive experiments. The first achieved 88.8%
accuracy on Steam game reviews with minimal supervision and demonstrated the reuse potential. The
second system consistently delivered high accuracy across all three text classification tasks without manual
labels. Moreover, compared to directly using the GPT model for text classification, the second system
achieved over 93% of its classification performance while requiring only approximately 6% of the associated
time and financial cost.

Overall, this dissertation proposes cost-efficient and accessible solutions for text classification without
relying on manually labeled data. By integrating large language models, self-supervised learning, active
learning, and unsupervised learning, the proposed systems demonstrate the feasibility of building high-
performance classification systems under limited supervision and resource-constrained conditions. The
experimental results validate not only their technical effectiveness and generalization capabilities but also
their practical value in scenarios where manual annotation is costly or infeasible. These findings contribute
toward advancing more sustainable and adaptable machine-learning-based text classification technologies

across diverse application scenarios.
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ARE &5, Bl R dEMEEm AN & L COEMEAEIR TSN S.
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EHEDEE

WEE S 56511 = K 4 GaE K
NCERAMYE . TR BERBRFHR L (T9) M W
Bl BEMESS SO WA 1t (%) Ry B

BEESS SRS it (T2) - TeknD 85

BERBAFHR L (T9) KE  EH

b (L5, BE (%) RIBERE OEALRERim S0 [ BREFRMNT IS K ORI 71
TN X D IRFEHEHMETRIL 7T AT > 7 HEIEMN O RGHEE FIEOR% ) EMEL, 7TENLRERS
ncTuna.

IRIMERIE JTIE (XGPSR 2 R L7 FEEMR A FIE Th 0, MBI IR LATE A ST
BHECA C DIREEE 2RI A Z CTRHAI L, Kelvin OE\GEM:BR GG 2 FVNC R il Eh 105y
zEASUET 5 FETH L. ZOFEE, IWHEFEHTEZIRADLZ LI, J1IeRtEEEE
LM B FEMaHi 21T ) 2 &N TE D, RN —F 7 T 7 4 T, Kiahd b7 632
IR B Z R T OITKE L, ARAMIS DREE, RGPS S 72 5 IS PRSI 0 D2
{bZaAfEbd 5 Z LN TE, ARELZMYT (Finite Element Analysis; FEA) ([ZX28fEY I = L
— g URER L ERELET A ENTE S, LU s, oD ERIEEE BISHfagm
ThHY, RMGALESCTIROHEE TR T O E&EZET 5 LW H5ERH 5.

AT, AIRERMNT S L OURIMYS DB L - TH b D R i EIS I f1 5046 % 1%
AL, REMHETR{LZZ AF 7 (Carbon Fiber Reinforced Plastic; CFRP) A& 4N D K i
TR Z BB R 3WReICHEE T 2 FEZBRE L TV 5.

B 1 ETIIARXOTRBLOER, Mk, $ 2 = TIEARRCTHO TV D FIRERME
B, JRIMERIG DBNE, FEE T BMSEMNT, B LU E IOV T LTS,

%3 ETIL, ARG IRE E FEA 22 B3 5500104 DG YEZ BRI RGET 5 72
DT, BGEPEFRER 25D X G MT & IEE T BMREMET 2 A B D TG 2 1T> T h. £
DOFER, BMREOPEEEE L7\ FEA LRSS IRIER T & OFEEMEIL, RIBALE SR
W & AR T T2 2 L 2O LTWDS,. ZomMmRIICESE, DR, Mg i8S
HMBEDIRNGEMExG E LT, BTFEIC LD RBHEEEIT> T 5.

# 4 T, FEAICR > THRONDICNOMEANE L, BHRAR=2—F VY NT—7

(Convolutional Neural Network; CNN) (Z X ¥V CFRP N#E D 3 RIcHI 72 R FalE ik & #HEE 9 5 Fi
AIRELTWD. 2T, SRR Z—IEDSE, YIalb—varry—4tky b %
HAWTET NV EFE L, CNN DS 0A0 O 72 B 2 2, KO ECHE S, R E B8k
JEIZHEERTRE CTH D Z L 2 FFEL T 5.

FSHETIE, ERT—XOHRENRKRETH D LW HEEE 2, BEE O % EA
LTW5., ¥alb—var7 =R 5FIFEE1T>7 CNN 7 V%, FRIMRIGHEIE
NOBEONT-VEODERT —HZTT 7 A Fa—= 7 T52 LT, BRoN-ERBEHRICEN
THEAGE R RMEHEENFTRETH D Z LA MR L TN D.

%6 BT, XV EMAGEWEMTIRESED ~DORE & LT, CFRP ®FEREZ 55 L LK
et E A RATND. Ay v aX—ADI a—r Uy MEEEEET L0, /7 7=a—7
JVF > kU —72 (Graph Neural Network; GNN) ZE A L, 3 RITIi I % H EIZKIMED 3 Ik
TEEWMEHEE L TWD. £/, EBRTHOND 2 RILIE 1534 % GNN A 3 It T157
BT D720, ERS N« CNN - v /L F LA ¥ —_—t 7 b a v ZHAG b ok E
ETNVEAMEEL, v Ialb—Tar EEREZERT 2 FEOIREZ R L TN D.

BRICH 7 E TR 2RICET A Ak < T\ 5.

PLEBES 512, KimXOFEIL, FEA, JRIMGTIRIE S I Ot 8 &t A5 e 7= 3F
A R BaHE E OF A ZRESL LT, 2O X 9 7o 5 O @O KR BEHEE 36 L O & i 2 54
ZARE L T DT IR IEMHE R A RN T B ~OISHP IR TX 5. Lo T, KL DF
FIIHE (T O EZ T HERDB LD LD 5.
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G 4 55405 & K 4 HF EHET

F S E 4
mMRNA 7 4 A7 LA B LD EBREINTZH VA NVARTTF FEBLO
SRR &2 L X7 ' O AE FREFF O it B

AGRSCTIE, A% ISR AR BT BT F R0 Z L B BT 2 FiED—oThH 5D
mRNA 7 4 A7 VL AIEI L > TR L7 v a &= BEIFR 7 A VA (HBV) O apRES
HRTF R 2~47), BION (K0 TLEWMEIEGOEN 2 378 (5 BLUV6 &) 1220,
ENENDVERRF O 21T~ 7,

1 EZIHSTHY . mRNA T 1 A7 LA EOFERONERE & ORI OW TS & &
HIZ, ZOHEIE LT, HBV JRFEEEOBRIIIE. BN FEAWER & o7 B OBEEZED
HEUTOWTIHBI L, AEO B Z R L T,

%2 = O3, HBV OBLAHEF T 215354 3278 DOCK11 12 LT, mRNA 51 271
AFEZE STV v a  ENTFEATT R & ORSPERIE)S DOCK11 & Ackl & OFHA
TERDSEHRICH G ote, Fio, FFMIARERA S BRIRICRT 2 —AR8EbUA 2 @A LT
DOCKI11 &7 R, ISR lamicszE S, DOCK11 2388579 % EGFR @
T N A b= REB I DNA BERKAZHET 5 Z &, HBV OBGAHIIT5 Z 230
o7,

53 ClL. [FREIC HBV B MERd 25 54 o778 DENND2A (ZHEET 57 F K&
OBEFBALIED S, DENND2A MWEEARGE RS 7T R % 535 SASH1 S FHALE
A5 L 2R L, #ARICE5E L 72 DENND2A fEE<7F Fa W -HaErosi 5. HBV
75 DENND2A %41 L CZ ORI 2 L, SR & BRES 5 Z & 3bnoTz,

4 X TFla~D HBV OGS ICH 5T D5 E 2 >/ X7 LIPG \THE&T 57 F RiZ
BT BRGRERE R D, LIPG &R U <Ml R7ET 5 NTN1 28 LIPG 5635 Z Eodbhho
7o NTN1 BLOEDORESIZ S L I/ERLL7- LIPG #5827 F Rid. LIPG @ U/ S—PiEECIX
B, HBV OIFHE~O8E5 2 PHE 2 = & THBV B2 2 LAV S -,

%55 T TlE, mRNA 7 1 A7 LA VR K > TRIE S, BEFOE I FK506 ORIWER
(2T DB 7 27 B Spartin OVERREFF-OfAT 24T 7=, MEEDORE S, FK506 A3 Spartin
TREET 5 2 & CHREMBHORFEN AT, RAREEZ 5| S E 2 LW D TRetEZ R L7,

6 ETIL, JAAIE LTSN =Y X% VEHEIR Q15 OFER) & /378 &
L CRIE &= MIP-2A OVEREF-OfT 21T 72, T OfER, Q15 2% MIP-2A /L T A
JFE 5T cMye OIEEZIMITH Z LIk - T, TR b= AEHET 5 Z EHIVNBR I,

BT E T, AGRCERIE L, HBV 1R OBIFEI I CTAMIZEIE 5N LT 87 7R
B EFR U D & & bi, HAREN X 7 BOBRIZIIT D mRNA 7« A7 LA JEOENL S %
I AR EF AR U T D,

VILE, AR, HBV ORBGLAHIHI 527 F FEEOBIFER L OVETFOMAC, BiE
DIy A B WIEZ L OVERREFOfEBAIC, mRNA 7 4 A LA ENRZ OO THRRTIETH
LHZ xR LIc,
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EBHEDEF

WEE T Z. 55405 & K 4 HF EBEHT

AMCEAMEYNE . A BRERR R R WL (MERREERY)  TE [F

Bl BERBCEHRE Wt (K W
BIERBOENERE it (1) N
BIERBCOEIESE it () SEE el

Tk (B | B ) HF (HEE fEk) Bl AR O PSR ST, TmRNA 7 4 A7 L A
FEIZEVBRENTZPL T A VAT T KB LOFEFNER & > 7 EOEFAFOMY) L, &
TENLRRS TS,

2018 D ) —~)ALFEESZE LI T 7 — VT 4 A7 LA EIFHUREIRO FEAICK X < Hilk
L7eid, RIBE T VRV BARAEIT O Z EIESHIRDN B o 7o, Ml & 7 BEERHRE W
%D MRNA 7 4 A7 LAETIE, ZNHOHKIRZFRREE L CTRERRYA XDT AT TV —b, kx
IRRER D FACREG T DX N R E N TRINT 5 Z LR ARETH 203, T OREE OhE% 4
TR AR RN IR LT3 F 0 2 < U372, ARG TlE, mRNA 7 4 ZA 7 LA JEIC L 0 B8R
SNTZHRBIRR Z X7 BITRERT X7 TF ROEHFER & o T EOERBET 2t L T\ 5,

B1EIIHESTHY ., mRNA T 4 A7 LA JEOFEMERE & DORIZHOW TR S & & i,
ZOISHAIE LT BRIFR DY A VA HBV) OEGRAZLET 2 X7F FOBRRE(2~45F)  BLU,
B AL B MEIROIEN 2 X7 B ORZE (5B L6 8) OIFFIT OV T L T\ 5,

%2 B TIX, HBV OEYZHMERF 35 DIC B2 5 £ /378 DOCKI11 (2% LT, mRNA 7 «
ALV AEIZ L > TRIRENT-FES LT F R & ORFIELIED S . DOCKIL & Ackl & DFEHEAE
EHRIZHALMNI LTS, F£/2. 2O DOCKI fEART T RN & FFiafs R kET 5 2 & T,
DOCKI11 7354 % EGFR = ¥4 b —3 ZDHER L O DNA BERKEOMHE S WD 2 DDFE
FHREE T HBV OEYLZ T2 Z L 2L LTWA, 4 33 Tld., [AEEIC, HBV JiukErr iz
B D18 T4 > 737 DENND2A ([ZHEAT 227 F R & OEFIFERIMED S . DENND2A 73 H 5 724
R T RERICET G535 SASHI EHAFEAT L2 Z L2 AMLTWD, MAuNICZEZE L
DENND2A fEA~7F R & FA W BEEORE . HBV 73 DENND2A Z /i L CZ R AIH L, %
EREERET D2 EERH LTS, FH4FETIE, IFg~0 HBV OFICHES T HmEEX 8
78 LIPG \ZREAT 27 F NIZBT 2 MGG R 5, LIPG &R U < MAREIC RHIET 5 NTNT 23
LIPG LA TAZ L2 R LTWSD, &5, NINL BLORZDOESZ S & I/ERL L 7= LIPG fif&
AT T R HBV JEGe 2 Jiil 3~ 2 E e 2 ffAT L 7265 5L, LIPG O U N—BIEMEICITE L 2o
72 B, HBV OFHIfE~DHE Z[HE L T\ D 2 & DRI S 47z,

% 5 FTIL, mRNA 7 4 A7 L AEIZ & o TEEAFORZEIHIF FK506 IZHEGT 5 2 LN A S
iz 4 737 Spartin 23, FK506 OFHWER D 1-5& LTSI TV D FARFRREEE DR & 72 -
TWDAFEMEICOWTHGFEL TW 5D, T OFER, FK506 & Spartin & OFHAAEAIC X 0 JEE#HO
BENELD Z LT, PIMIRRBEENAE U D AREEE R L CnD, 6T TIE, FLidAflE LT
B EN=T =0 %) UHER QIS DIERZ X7 E L TmRNA T 4 A7 LAIEIZLY
[FE SN 7= MIP-2A OYEFREF DT 217> T D, ZOFER. Q15 73 MIP-2A &/ L TN AJRIE
5+ c-Myc ODFEBAZIHT DL EICL > TCT R M=V A 2HETHZ L2 RH LTV,

%7 ETIL, HBV {REEDOBIRIZIS WO TAMFIEAA D S LIz 72 72 R BRI 3 T O O
FTEIMUDE EHIT, HAMERHZ LRI EORRITE T D mRNA T 4 AT LA IEOENNEZ 7R
AFRSCOMREE L L TRIEOF & & AW ORI 720G HIZ DWW TRl LTV 5,

VL b, ARFSCTIE, mRNA 7 4 AT U AEDN, U A VARG Z 06T 2 X7 F REIEOBI I X
O DIEREF ORI, BEAF DR 7L EWIESE O EERSCEWER O RRMEIHICH A FEThH
HZEERLTEY, A% UL RBEEROA D= X LEBICHIRT 5 Z ERWFFTE 5,

Lo T, KL oFEFIIHE L B O 22 T BB HL LD ERD D,
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2025 (FfN7) FIH F TOHFIFE ARG HELITKRO L BY

[ TN E, SREEEFH (Q025F EFRFAW) REHFHK.

FEOWS | e M) | GRL R e ) i

Tt 451 389 840
it (L) 1,736 [18] 319 [ 0] 2, 055 [18]

A 26 8 34
flit (BR5) 489 [2] 50 [ 1] 539 [3]

ATt 0 1 1
it (524f) 1 [ 0] 1 [ 0] 2 [ 0]
at 2,703 [20] 768 [ 1] 3,471 [21]

AEICFLRL L7z SR A Y 3 O TR b L OMRALIZ2025 (B fT) FEFEFEHOLDTH D,

2025 (ANT) EE12H1H AT

AT HTZMERERR & B
TS BEMER BN T AR AR S Y

T 223-8522
A NRBRE TR AE X A &3 — 14— 1
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