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Answer ONE of the following questions either in Japanese or in English.
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Using all of the following terms, explain the mechanisms underlying the deterioration of
genetic information and the pathways involved in its repair:
“energy”, “fidelity”, “elimination”, “adduct”’, “excision”, “water molecule”, “ionizing
radiation”, “metabolic product”, “replication”, “proofreading”.
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DNA is surrounded by water molecules in living cells and is chemically unstable at
physiological temperature. Within the cell, hydrolytic reactions induce spontaneous base
deamination and the elimination of bases from the sugar—phosphate backbone. In
addition, ionizing radiation generates radicals from water molecules, causing base
oxidation and DNA strand breaks, while certain metabolic products can form small or
bulky adducts on specific bases. These DNA lesions deteriorate genetic information and
interfere with transcription; therefore, they must be rapidly repaired by cellular DNA repair
systems. Among DNA repair pathways, base excision repair (BER) removes damaged
bases through DNA glycosylases, which cleave the N-glycosidic bond and generate an
abasic site that is further processed to achieve complete removal. The energy required
for these enzymatic reactions is supplied by ATP, although some organisms possess
photolyases that utilize the energy of blue light to reverse specific base lesions. DNA
replication maintains high fidelity through multiple layers of control. When DNA
polymerase incorporates an incorrect nucleotide, it performs proofreading through its




exonuclease activity, thereby reducing replication errors. Mismatched bases that escape
proofreading are corrected after replication by mismatch repair (MMR), which replaces
them with the correct nucleotide, ensuring that the overall fidelity of DNA replication
remains ultra high.
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Explain two representative pathways that guide proteins synthesized in mammalian cells
to their correct intracellular destinations, and discuss how improper protein localization
can lead to disease, providing one example.
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Answers were scored based on the ability to explain how proteins synthesized within the
cell are selectively transported to specific intracellular organelles. For example, in one
representative pathway, proteins with a mitochondrial targeting signal are recognized by
receptors on the mitochondrial outer membrane and then translocated into the
mitochondria. In another pathway, proteins carrying a nuclear localization signal are
recognized by nuclear import receptors and actively transported into the nucleus through
the nuclear pore complex with the guide of the machinery.

In addition, answers were scored based on the ability to describe the relationship
between abnormal protein localization and disease, providing a representative example.
For instance, TDP-43, which is normally localized in the nucleus as an RNA-binding
protein involved in RNA splicing and other functions, forms cytoplasmic aggregates in
several neurodegenerative diseases, including amyotrophic lateral sclerosis,
frontotemporal dementia, and Alzheimer’s disease and Parkinson’s disease. Cytoplasmic
aggregation of TDP-43 causes a loss of its normal nuclear function and a toxic gain of
function, thereby disrupting cellular integrity.
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Answer the following questions:

(1) Explain the relative risk and the odds ratio.

(2) Explain data reliability and validity and describe what is necessary to improve reliability
and validity.
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Answers were scored based on the ability to explain the definitions, appropriate
applications, and interpretations of relative risk and odds ratio.

- Definition of Relative Risk (RR): the ratio of the incidence rate in the exposed group to
that in the unexposed group.

- Definition of Odds Ratio (OR): the ratio of the odds in the exposed group to the odds in
the unexposed group.

- Differences and appropriate uses: RR is mainly used in cohort studies, while OR is
used in case—control studies.

» Interpretation: using 1 as a reference, a value greater than 1 indicates an increased
risk, whereas a value less than 1 indicates a decreased risk.
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Answers were scored based on the ability to explain the definitions and types of data
reliability and validity, and specific measures to improve reliability and validity.

» Definition of reliability refers to reproducibility and consistency of measurement results.

» Definition of validity refers to the accuracy or truthfulness of the measurement in
capturing the intended concept.

- Explanation of types of reliability and validity: for example, test—retest reliability, internal
consistency, content validity, and criterion-related validity.

» Specific measures to improve reliability and validity: for example, standardization of
measurement procedures, training of evaluators, pilot testing of questionnaires,
comparison with established scales, and statistical verification.
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The Ministry of Health, Labour and Welfare has developed the “Physical Activity Guide
for Health Promotion 2023”. For older adults, the guide recommends performing strength
training in addition to aerobic exercise. From a physiological standpoint, explain how
aerobic exercise and strength training can prevent or mitigate age-related physical
decline.
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Effects on Respiratory and Cardiovascular Function

With aging, reductions in pulmonary elasticity, cardiac function, and an increase in arterial
stiffness occur. These declines in respiratory and cardiovascular functions are associated
with the development of hypertension. Aerobic exercise enhances vital capacity,
respiratory muscle strength, and ventilatory efficiency, thereby reducing the work of
breathing and improving gas exchange capacity. In addition, aerobic exercise improves
peripheral vasodilation and promotes the production of endothelium-derived nitric oxide
(NO), which enhances vascular elasticity and contributes to the improvement of
hypertension. These improvements in respiratory and circulatory function increase the
body’s oxygen delivery capacity, leading to an enhancement of maximal oxygen uptake,
as an index of whole-body aerobic capacity.
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Effects on Muscle Mass and Strength

With aging, the number of muscle fibers decreases and type |l (fast-twitch) fibers undergo
atrophy, leading to the development of sarcopenia. Resistance training induces muscle
fiber hypertrophy and prevents the atrophy of type Il fibers, thereby attenuating the
decline in muscle mass and strength. Moreover, it promotes muscle hypertrophy through
the activation of satellite cells and stimulation of the muscle protein synthesis pathway
via the mTOR signaling cascade. Increased blood flow and accumulation of metabolic
byproducts during muscle contraction enhance local secretion of growth hormone, further
supporting muscle hypertrophy. In addition, improved muscle pump function promotes
venous return, contributing to an increase in cardiac output during exercise.
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Effects on Cognitive Function

Aerobic and resistance exercise increase cerebral blood flow and stimulate the
production of brain-derived neurotrophic factor (BDNF). Exerkines—molecules released
in response to physical activity—also enhance neural activity, thereby contributing to the
maintenance and improvement of brain function. These effects promote hippocampal
neurogenesis, help preserve memory and learning abilities, and may play an important
role in the prevention of dementia.
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Several nucleic acid-based drugs have been developed in recent years. Identify two types,
and describe their mechanisms of action.
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There are various types of nucleic acid-related drugs, each acting through a different
mechanism. These drugs are expected to provide new treatments for diseases that have

been difficult to treat with conventional small molecule drugs or antibody drugs.

(1) Antisense Oligonucleotides (ASOs)
ASOs bind to target messenger RNA (mRNA) to inhibit protein synthesis or control RNA




splicing. This prevents the production of disease-causing proteins, leading to treatment.

(2) Small Interfering RNA (siRNA)

siRNA is a double-stranded RNA that binds to specific mRNA, cleaving and degrading it,
thereby suppressing the expression of target genes. This utilizes a mechanism known as
RNA interference (RNAI), and its therapeutic effect is achieved by preventing the production
of disease-causing proteins.

(3) miRNA (microRNA)
mMiRNA suppresses gene expression by inhibiting intracellular protein translation or destroying
mMRNA. Like siRNA, it functions by interfering with protein synthesis.

(4) Aptamers

Aptamers are single-stranded nucleic acids (DNA or RNA) that form distinctive three-
dimensional structures, specifically binding to biological targets (proteins, cells, viruses, etc.)
like antibodies, thereby inhibiting the function of the biological targets. They are characterized
by their ability to bind to a wide range of molecules, including not only proteins such as growth
factors, receptors, and viral proteins, but also metal ions and small organic compounds. This
means they may be able to act on substances that are difficult to target with antibodies.
Aptamers primarily function by binding to target proteins or cells on the cell membrane or
extracellularly.

(5) CpG Oligonucleotides

CpG oligos are short nucleic acid molecules with a specific DNA sequence. They are
oligodeoxynucleotides (ODNs) with a sequence called an "unmethylated CpG motif," which
is commonly found in the DNA of bacteria and viruses. These CpG oligos themselves are
recognized as a sign of "foreign substances" by the immune system, activating immune
responses. CpG oligo drugs act on specific immune cell receptors (such as TLR9) and
activate innate immunity, promoting disease improvement.

(6) Decoys

Decoys contain the transcription factor binding site sequence of disease-related genes. When
the transcription factor mistakenly binds to the decoy nucleic acid, the expression of the
intended target gene is suppressed, thereby contributing to the treatment of the disease.
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Describe the physiological functions of saliva. In addition, medications that act on the
autonomic nervous system are sometimes used to alleviate decreased salivary secretion.
Explain the mechanisms through which these drugs produce their therapeutic effects.
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Saliva performs multiple physiological functions, including facilitating the initial stages of
digestion through digestive enzymes, lubricating and protecting the oral mucosa, exerting
antimicrobial effects, and maintaining oral homeostasis through buffering capacity and
promotion of remineralization. Salivary secretion is promoted by the parasympathetic




(cholinergic) nervous system. Therefore, for decreased salivary secretion, muscarinic
agonists or acetylcholinesterase inhibitors, the latter of which prevents the degradation of
acetylcholine, are commonly used. These drugs directly stimulate, or enhance the
stimulation of, muscarinic M3 receptors located on salivary gland epithelial cells, leading
to an increase in intracellular Ca?* concentration and subsequent enhancement of water
and electrolyte secretion, thereby promoting salivary secretion.
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What is the microbiome? Explain how it affects the development and progression of
human infectious diseases.
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The microbiome refers to the community of microorganisms—including bacteria, viruses,
and fungi—and their collective genomes that inhabit a particular environment, such as
the human body. Major human microbiomes exist in the gut, skin, oral cavity, respiratory
tract, and vagina.

The human microbiome plays essential roles in maintaining host homeostasis, including
immune development, metabolism, and epithelial barrier function. In the gut, commensal
bacteria provide colonization resistance against pathogens by producing antimicrobial
compounds and competing for nutrients and niches. Disruption of this balance, known as
dysbiosis, can predispose individuals to infections such as Clostridioides difficile infection,
urinary tract infection, and skin infection. The microbiome also modulates immune
responses, thereby influencing susceptibility to viral infections and vaccine efficacy. In
addition, the microbiome functions as a reservoir of antimicrobial resistance genes and
is also involved in the emergence and transmission of resistant bacteria.

The evaluation will be based on the content of the response, the quality of logical
description, and scientific accuracy.
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Drawing on the mechanisms of error detection and repair found in biological systems,
discuss scientific methods for preventing errors in healthcare systems from leading to
adverse events in patients.
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Answer (Concise Version)




Biological systems have evolved sophisticated mechanisms to detect and correct errors
in order to maintain homeostasis. DNA repair, protein quality control, immune self-
tolerance, and apoptosis are examples of layered defenses that do not aim to eliminate
all errors, but to detect and contain them before they cause systemic harm.

This concept of error-tolerant system design provides valuable insights for improving
healthcare. Rather than pursuing zero-error environments, healthcare systems can focus
on preventing errors from escalating into adverse events.

1. Lessons from Biological Systems

1) DNA repair prevents mutations and cancer.

2) Proteasome systems degrade faulty proteins.

3) Immune tolerance prevents autoimmune responses.

4) Apoptosis eliminates irreparably damaged cells.

These systems prioritize early detection and containment over total prevention.

2. Applications in Healthcare

1) Early Detection and Response: Incident reporting and real-time monitoring allow
proactive intervention, similar to biological sensors like p53.

2) Redundancy and Fail-Safe Design: Standardized procedures and backup systems
reflect metabolic redundancy.

3) Leamning from Errors: RCA and system redesign mirror immune memory and
adaptation.

4 ) Just Culture and Governance: Encouraging transparent reporting aligns with
biological self-monitoring and systemic coordination.

3. Conclusion

Healthcare safety should focus not on eliminating all errors, but on creating resilient
systems that detect, respond to, and learn from them. By learning from biological models,
healthcare can adopt flexible, adaptive approaches that minimize harm while
continuously improving.
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Select one blood biomarker and explain why it enables the detection of lesions in a
particular organ. In addition, discuss the characteristics that an ideal blood biomarker
should possess.
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As an example of a blood biomarker, alanine aminotransferase (ALT) can be cited. ALT is an
aminotransferase enzyme abundantly expressed in hepatocytes, catalyzing the
transamination between alanine and a-ketoglutarate. When hepatocytes are damaged, the
permeability of their membranes increases, leading to the leakage of ALT into the
bloodstream. Therefore, elevated serum ALT levels directly reflect the degree of
hepatocellular injury. Consequently, ALT measurement is widely used for the early detection
and severity assessment of various liver diseases, including acute hepatitis, fatty liver, and
drug-induced liver injury.

An ideal blood biomarker should possess the following characteristics: (1) organ specificity,
(2) high sensitivity and specificity to accurately indicate the presence and progression of
disease, (3) ease of measurement and high reproducibility, and (4) clinical applicability.
Furthermore, a clear molecular link between the blood biomarker and the underlying
pathophysiological mechanism is desirable.
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Explain the process of statistical hypothesis testing using the terms: null hypothesis, test
statistic, null distribution, p-value, and significance level. Formulas are optional and hand-
drawn diagrams may be included.
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® |n statistical hypothesis testing, we first define the null hypothesis that we intend to
reject.
® Next, we calculate a test statistic from the data.
® \When we assume that the data were generated under the null hypothesis, the distribution
of the test statistic is called the null distribution. We then evaluate the test statistic
calculated from the data on this null distribution.
® The probability of obtaining a test statistic as extreme as, or more extreme than, the one
observed is called the p-value.
® |If the p-value is less than or equal to the predetermined significance level, we reject
the null hypothesis. Conversely, if it is greater than the significance level, we do not
reject the null hypothesis.
It is acceptable to use a specific example, such as a t-test, instead of a general explanation
of hypothesis testing. The quality of logical reasoning and clarity of explanation will be taken
into account in the scoring.
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