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Question 1

1) Eigenvalues: 4, =5 and 1, = 2.

Corresponding eigenvectors: v; = ¢q (

1

2) for 24 =5 and v, = ¢, (_11) for 2, = 2,

where ¢; and ¢, are arbitrary non-zero real numbers.

2) a+4

3) x==

1
3

Question 2

1) D

2) A 3)B 4) B 5) C 6) C 7)C 8) B

Question 3

(Key Points for Evaluation)

>
>

Whether the basic concept and characteristics of generative Al are correctly explained.
Whether the reasons for the rapid spread of generative Al in recent years are
appropriately discussed, such as advances in deep learning, large-scale datasets,
computational resources, and the availability of user-friendly services.

Whether specific advantages of generative Al in medical research are appropriately
described, such as support for data analysis, literature review, hypothesis generation, and
research efficiency.

Whether potential concerns and limitations are appropriately discussed, such as
inaccurate or fabricated information, bias, privacy and security issues, and ethical
concerns.

Whether the applicant presents their own balanced and logically supported opinion on

the use of generative Al in medical research.
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Answer the following three questions.

1. The pathophysiology of Alzheimer’s disease (AD) involves interconnected neurodegenerative
processes, primarily summarized by three main hypotheses.

Amyloid Cascade Hypothesis: Abnormal processing of amyloid precursor protein (APP) by S -
and y -secretases generates neurotoxic amyloid-beta (A 8 1-42) peptides. These peptides
aggregate into soluble oligomers and extracellular senile plaques, impairing synaptic plasticity,
inducing oxidative stress, and triggering neuronal death.

Tau Hypothesis: Hyperphosphorylation of tau, a microtubule-stabilizing protein, causes it to
detach from axons and aggregate into intracellular neurofibrillary tangles (NFTs). This disrupts
axonal transport, leads to microtubule disassembly, and correlates directly with the severity of
clinical dementia.

Neuroinflammatory and Cholinergic Hypotheses: Accumulation of A 8 activates microglia and
astrocytes, driving chronic release of pro-inflammatory cytokines TNF- «, IL-1 that accelerate
neurodegeneration. Concurrently, selective loss of basal forebrain cholinergic neurons leads to
deficient acetylcholine signaling, impairing memory and cognitive processing.

Together, A8 deposition, tau tangle pathology, and neuroinflammation act synergistically to drive

progressive cortical atrophy and cognitive decline.

2. Ethanol acts as a central nervous system (CNS) depressant by modulating multiple
neurotransmitter systems.

GABAergic facilitation: Ethanol acts as a positive allosteric modulator at GABAA receptors,
enhancing chloride ion influx and inhibitory neurotransmission. This mediates anxiolysis,
sedation, ataxia, and motor incoordination.

Glutamatergic inhibition: Ethanol inhibits NMDA receptor function, suppressing excitatory
neurotransmission. This disruption impairs hippocampal long-term potentiation (LTP),
accounting for acute memory blackouts and cognitive deficits.

Reward pathway activation: Ethanol indirectly increases dopamine release in the nucleus
accumbens via the mesolimbic pathway, mediated partly by endogenous opioid release, which

drives its rewarding and addictive properties.



3. Glial cells maintain neurovascular integrity, homeostasis, and immune defense in the central
(CNS) and peripheral (PNS) nervous systems.

Astrocytes (CNS): The most abundant glial cells. They form the blood-brain barrier (BBB) via
end-feet processes, buffer extracellular potassium (K+), clear synaptic glutamate, and provide
metabolic support via the lactate shuttle.

Oligodendrocytes (CNS): Form myelin sheaths around multiple CNS axons, enabling rapid
saltatory conduction of action potentials.

Microglia (CNS): Resident immune cells of the CNS. They transform from a resting state to an
activated phagocytic phenotype during brain injury, clearing cellular debris and regulating
neuroinflammation and synaptic pruning.

Ependymal cells (CNS): Ciliated cells lining the ventricles and spinal canal that produce and
circulate cerebrospinal fluid (CSF).

Schwann and satellite cells (PNS): Schwann cells myelinate single peripheral axons, while satellite

cells support cell bodies in peripheral ganglia.
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