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Introduction:

Pancreatic cancer is a formidable and often aggressive
disease that arises from the cells of the pancreas, an
essential organ located behind the stomach. This type of
cancer is notorious for its late detection, rapid
progression, and low survival rates. Pancreatic cancer can
manifest in various forms, with the most common being
pancreatic ductal adenocarcinoma (PDAC), which
originates in the cells lining the pancreatic ducts.
Symptoms of pancreatic cancer can be subtle initially,
making early diagnosis challenging. As a result,
understanding the risk factors, symptoms, and available
treatment options for pancreatic cancer is vital in
improving outcomes for those affected by this
challenging condition.

1.Risk Factors

There are several non-modifiable risk factors: age, sex,
blood group, and diabetes. As a person grows older his or
her risk of getting pancreatic cancer increases, and the
majority of the patients are over 55 years old. For sex,
women are usually less susceptible to pancreatic cancer
than men, and for the blood group, type O has less risk of
developing pancreatic cancer than other types. This may
be due to different regulations of inflammation, which
affects the promotion of metastasis, in different ABO
blood groups. Also, people with diabetes have a higher risk
of developing pancreatic cancer.

There are also modifiable risk factors, including smoking,
alcohol, and obesity. A study has shown that smokers have
a 74% increased risk of pancreatic cancer. Cigarette
smoke and its ingredients could increase stem cell
characteristics, which allow pancreatic cells to self-renew
and differentiate into different cell types. For alcohol,
studies have shown that people who drink more than 30g
per day have a significantly higher risk of getting
pancreatic cancer than people who don’t. Also, the risk of
getting cancer increases when people get obese. This is
because for rapidly proliferating cancer cells, lipid
oxidation, and biosynthesis are essential for cell survival.
The KRAS mutation in obesity also contributes to the
formation of pancreatic cancer.

Pancreatic Caner
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2.S5ymptoms

Pancreatic cancer often presents with vague and nonspecific
symptoms, and that is why it is often called the "silent killer."
Early-stage symptoms may include abdominal or back pain,
unexplained weight loss, jaundice (yellowing of the skin and
eyes), and digestive issues like nausea and changes in bowel
habits. These symptoms can be subtle and easily attributed to
other less severe conditions, which may lead to delayed diagnosis
and treatment initiation.

As pancreatic cancer progresses, symptoms may
intensify, with individuals experiencing fatigue, loss of
appetite, new-onset diabetes, and even blood clots.
Advanced stages of the disease can cause more
severe complications such as bowel obstruction,
ascites (fluid buildup in the abdomen), and severe
pain. Recognizing these symptoms and seeking
medical attention promptly is crucial for early
detection and improved outcomes in individuals at
risk of or suspected of having pancreatic cancer.

3.Treatment Options

One treatment for pancreatic cancer is surgery. Whether
surgery is the appropriate treatment depends on the
position of the tumor. Tumors located distal to the
pancreatic head can be removed by distal pancreatectomy.
However, the majority of the tumors arelocated in the head,
and they can be removed by
pancreaticoduodenectomy(PD). PD first appeared in 1889,
and its mortality rate remained high for decades. Still,
todayits mortality rate has decreased from about 30-45% to
a more acceptable 1-3%, and the median 5-year survival
after surgery in modern reports is around 20%.
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Though the surgeries are becoming increasingly successful, there is still a problem of a high overall
recurrence rate of 70-80%, which may be due to micro-metastasis at the time of surgery. Thus,
treating patients with neoadjuvant chemotherapy is necessary. They can target tissues more
effectively and address the issue of micro-metastasis. This treatment can achieve more negative
margin resection rates and turn unresectable patients into resectable ones.

Another possible treatment is radiation therapy. It can
be employed before surgery (neoadjuvant), or after
surgery (adjuvant), and it uses high-energy X-rays or
other forms of radiation aimed to destroy cancer cells
and shrink tumors by damaging their DNA, inhibiting
their ability to grow and divide. Its application in
pancreatic cancer is carefully restricted to prevent
damage to surrounding healthy tissues the pancreas.
Precise delivery of radiation therapy helps maximize
treatment efficacy while minimizing side effects.

4.Future Outlook

The future outlook for pancreatic cancer holds promise with ongoing advancements in research
and treatment strategies. Efforts can be focused on improving early detection methods to
diagnose the disease at more treatable stages, and personalized medicine approaches are being
explored to tailor treatment plans based on individual genetic profiles. Immunotherapy and
targeted therapies are emerging as potential treatment options, aiming to boost the immune
system's response against cancer cells and target specific molecular pathways involved in tumor
growth. These advancements underscore a growing momentum in the fight against pancreatic
cancer, offering optimism for better treatment outcomes and quality of life for patients in the
future.
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Is the Vegetarian Diet Healthy

Introduction:

In recent years, the rise of extreme vegan activism has incurred severe public
backlash and incited doubts on whether a vegetarian diet is truly healthy and
desirable. For this reason, many people hold to the belief that dwelling on a long-term

plant-based diet can lead to nutritional deficiencies, causing the body to lack essential

nutrients like vitamin B12, vitamin D, and iron, which are obtained primarily from animal
sources. Curiously, an opposite narrative, in the meanwhile, has also gained traction in
popular media- that “all vegetarian diets are healthy”.

Both of these beliefs, however, fail to capture the full picture— a plant-based diet
encompasses a wide variety of diet styles, and each nuance might cast different
influences on an individual’s physical health. For instance, vegetarianism does not
automatically equate to a healthier diet because French fries, cakes, and many other
types of “junk foods” are by definition vegetarian, but they contain a high volume of
fat, sugar, and refined carbohydrates and are therefore lacking in nutritional value.

animal-based plant-based

- >

Variety of Plant-based Diet

Vegetarian is an umbrella term comprising a wide array of dietary patterns. It generally
refers to people who avoid eating meat, poultry, and seafood, but variances may exist
between each type in the consumption of dairy products and eggs.

@® Vegans: a strict form of vegetarianism that avoids all animal products, including
meat, poultry, fish, dairy, eggs, and often honey, as well as any products derived from
animals (eg. gelatin and rennet).

@ Lacto-ovo vegetarians: allow the consumption of dairy products(lacto) and
eggs(ovo) but avoid meat, poultry, fish, and seafood.

@ Lacto vegetarians: consume dairy products but avoid meat, poultry, fish, seafood,
and eggs.

@® Ovo vegetarians: consume eggs but avoid meal, poultry, fish, seafood, and dairy.

@ Partial vegetarians: avoid red meat but may occasionally include poultry and fish.

Health Benefits

Despite the myth that plant-based diets are prone to nutritional deficiencies and
potentially detrimental to health, a vegetarian diet, regardless of the type
variations, is one of the most effective ways of maintaining health and tends to
produce more health benefits than a meat-prevalent diet. A vegetarian diet (that
relies on unprocessed food) typically contains lower calories, lower levels of
saturated fat and low-density lipoprotein (LDL) cholesterol, and more dietary fiber,
vitamins, minerals, antioxidants, and phytochemicals. Numerous studies provide
proof of its positive health outcomes by measuring the risks of heart disease,
cancer, diabetes, and blood pressure.

Keywords:vegetarian diet,
nutritional deficiency,
cardiovascular diseases,
type 2 diabetes, cancer.

Heart Disease

A vast literature of research studies has documented the substantial
health benefits of plant-based diets in its consistent inverse association
with cardiovascular diseases. In one of the largest studies- 48 188
participants with no history of cardiovascular disease- researchers
tested associations of vegetarianism with risks of ischaemic heart
disease. Over 18 years of follow-up, they found that vegetarians had 22%
lower rates of ischaemic heart disease than meat eaters.

Help with weight \\
loss/maintenance

HEALTHFUL PLANT-BASED DIET

Enhance

glycemic control

Low energy-density

Improve

High dietary fiber lipid profile

Appropriate fat composition Reduce

blood pressure

Reduced cardiovascular risk

> —

High levels of antioxidant nutrients

Improve

High levels of certain micronutrients
2 ; vascular health

Low levels of certain dietary factors
! Decrease

inflammation

Improve gut

microbial profile /

“Potential mechanisms underlying the cardiovascular effects of healthful plant-based diets” (Satija and Hu).

A healthy plant-based diet, with an emphasis on grains, fruits, vegetables,
and nuts, is typically low in energy density, largely due to low saturated fat
and high fiber content. High fiber content can promote satiety by
triggering gastric distention, thus reducing overall energy intake and
assisting in weight control. Additionally, high fiber also reduces LDL
cholesterol levels by restricting cholesterol absorption and bile acid
synthesis.

Plant-based diets (such as nuts) contain rich polyphenols and
antioxidants which can protect against oxidative stress, support vascular
health, and reduce inflammation. Other nutrients prevalent in plants such
as potassium and magnesium improve cardio-metabolic health by
regulating blood pressure and reducing the risk of stroke.

On the other hand, certain components found in animal products are
shown to increase cardiovascular risk. Heme iron, for instance, found in
meat-based products, elevates oxidative stress, which is linked to
inflammation and damage to blood vessels. Moreover, compounds like
choline and L-carnitine, found mainly in red meat, are converted to TMAO.
Affecting cholesterol metabolism, inflammation, and atherosclerosis,
elevated TMAO levels hence heighten the risk of cardiovascular events.

Type 2 Diabetes

Diets can play a crucial role in the prevention of diabetes as well. Multiple
studies have substantiated the vegetarian diet’s potential to curb the risk
of developing type 2 diabetes. The Adventist Health Study 2 (AHS-2), with
a cohort of approximately 96,000 participants, investigated the health
implications of vegetarian diets. The study found that vegetarian diets
“are associated with lower BMI values, lower prevalence of hypertension,
lower prevalence of the metabolic syndrome, lower prevalence and
incidence of diabetes mellitus, and lower all-cause mortality”(Orlich and
Fraser). In regards to diabetes, it was found that vegetarians have a
significantly lower risk of developing diabetes, with vegans having a
prevalence of 2.9% and an incidence rate of 0.54%, compared to 7.6% and
2.12% for nonvegetarians.
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This effect could be possibly attributed to the high fiber intake that consists of most vegetarian diets. Dietary fiber can exert a slowing effect on
the absorption of sugar into the bloodstream, helping to regulate blood sugar levels and enhance insulin sensitivity. Enhanced insulin sensitivity
means that the body's cells respond more effectively to insulin, allowing glucose to be used more efficiently for energy and reducing the risk of
insulin resistance, a precursor to type 2 diabetes. Plant-based foods, furthermore, tend to have a lower glycemic index. The glycemic index is a
measure of how quickly a food causes blood sugar levels to rise after consumption. Foods with a low Gl release glucose more gradually and
steadily, contributing to more stable blood sugar levels. This slow, sustained release of glucose can help prevent the rapid fluctuations in blood
sugar that can lead to cravings, overeating, and, over time, metabolic disorders like diabetes

Cancer

In the AHS-2 study, preliminary findings from studies suggest that vegetarian diets potentially have a reduced risk of developing various types of
cancer, although the difference is not significant. The overall hazard ratio (HR) of 0.92 indicates an 8% lower risk of cancer among vegetarians
compared to non-vegetarians. Specifically, vegetarian diets are observed to be particularly effective in preventing gastrointestinal cancers,
including cancers of the stomach, colon, and rectum, which might be attributed to certain characteristics consistent in vegetarians. This may
imply the high intake of fiber, vitamins, and antioxidants in a plant-based diet.

Health Concerns

Despite the many positive health outcomes associated with a primarily plant-based dietary choice, there still exists widespread concern about the
insufficiency of vital nutrients that are not typically found in plants, namely protein, Vitamin B12, Zinc, and Omega-3 fatty acid.

Protein. Although some myths have it that vegetarians tend to lack proteins and that athletes should not adopt a plant-based diet, this is not true. A
plant-based diet can obtain a sufficient amount of proteins from protein-rich sources such as legumes, nuts and seeds, soy products, and grains.
Plant protein is equally effective in supporting muscle strength as animal-derived protein, as research studies fail to find any difference in muscle
strength and mass between animal protein and plant protein supplementation.

Vitamin B12. Vitamin B12 is a nutrients that assist in the body’s production of red blood cells and DNA and is found in animal products only. However,
for vegetarians open to dairy and egg food sources, B12 deficiency is not a concern. Yet for vegans who avoid all kinds of animal products, it is
necessary to take vitamin B12 supplements to prevent B12 deficiency.

Iron. Although studies have confirmed that the amount of iron intake remains the same for meat-eaters and non-meat eaters, the iron produced in
animals, heme iron, is more readily absorbed by the body, whereas non-heme iron contains naturally occurring absorption inhibitors. Therefore,
vegetarians need to compensate for this by consuming 1.8 times more iron than non-vegetarians.

Omega-3 fatty acids. Diets that exclude fish and eggs tend to be low in EPA and DHA, the two main types of omega-3 fatty acids. However, vegans
can nonetheless obtain a variety ofomega-3 fatty acids from walnuts, flaxseed, chia seeds, hemp seeds, edamame, seaweed, and algae, and from
supplements.

Conclusion

Affirming the health benefits associated with a plant-based diet, however, does not mean that everyone should be a vegetarian hence force and
entirely ditch any meat consumption. While a plant-based diet offers a reduced risk of heart disease, cancer, and type 2 diabetes, it's essential to
approach this dietary choice with balance and awareness. adopting a plant-based diet doesn’t require a complete elimination of animal products
for everyone, but rather a mindful shift towards more plant-rich meals. Focusing one’s diet towards more unprocessed, plant-based food sources
would be enough to enjoy the plethora of health advantages of a vegetarian diet, contributing to significant health improvements and a more
sustainable way of living.
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Bird calls also have dialects

As the saying goes, “three miles of different tunes, ten miles of different sounds”, the
human world's dialects are colorful, constituting the characteristic symbols belonging to
each boundary, even when people leave their hometowns at a young age, they often
retain their native accents. But dialects aren’t exclusive to the human world—-they exist
widely across the animal kingdom as well. Birds as the animal kingdom “singer”, rely on
calls for communication in activities like foraging, self-defense, and mating. Therefore,
the diversity of bird languages often exceeds that of most animals, and according to
statistics, there are nearly 3,000 different styles of language in the world's more than
92,000 known species of birds. In addition to differences between languages and bird
types, same species of birds in different geographic regions, their language will also alter,
and this is bird’s “dialect”.

How do “dialects” form? To understand we have to start with the bird's vocalizations. Bird
vocalizations can be divided into two categories based on length, complexity, and
context: songs and calls. In ornithology and bird-watching, songs are considered to be
relatively complex vocalizations, often associated with territory defense, courtship, or
mating. Calls, on the other hand, are usually simpler and used to signal alarms or maintain
contact with fellow birds. For complex songs, since bird populations tend to be stable
within specific regions, different groups develop distinct singing styles over time. Within
the same “dialect area” there is a high degree of consistency in the singing style of birds,
while in different “dialect areas” there are differences in the length, syllables, and timbre
of bird calls.

Do birds themselves realize that the tone of local birds is different from that of foreign birds? To prove it there is a very simple
experiment that could be done: birdwatchers only need to record the calls of foreign birds in advance, and then play the calls of foreign
birds in the “dialect zone” to the local birds to observe the behavior of the local birds. It has been found that males with a stronger sense
of territory will first approach the source of the sound, look for potential competition, and then try to expel the other side. This indicates
that due to geographical separation, birds have come to recognize birds with different dialects as outsiders, even though they share the
same overall language system. The subtle differences in their calls are the clues they use to identify non-locals.

Bird dialects, like human dialects, can be passed on. Both bird and human languages are passed on to the next generation through vocal
learning. Due to geographic separation, different groups of birds of the same species can develop small differences in their vocalizations
over time, which eventually develop into a new dialect - similar to the process by which humans develop different accents, dialects, and
languages.

However, the “dialects” of birds are also indicative of environmental pollution. Bird calls tend to be more frequent in cities because they
are filled with loud and heavy noises, and to better communicate with their peers, urban birds have to respond to noise pollution with
higher-frequency sounds.

As society's concern about noise pollution gradually increases, from January 1, 2025, a unified nationwide network for automatic
monitoring of sound environment quality will be established. However, these automatic monitoring devices will not only record noise but
also capture nearby bird songs, insect sounds, frog calls, and the sounds of wind, rain, and thunderstorms, potentially affecting the
assessment of actual noise levels. This initiative not only helps with noise pollution control but also aids in recording the richness of the
sounds of bird species in the wild. While filtering and identifying natural sounds, researchers also discovered "dialects" in bird calls. They
observed that birds of the same species exhibit regional differences in their calls. By listening to these recordings, researchers can not
only identify the bird species but also determine which region the bird comes from, and even distinguish their emotional states. This
provides valuable information for further research into communication among birds.

An ancient saying goes: "The forest grows quieter as cicadas chirp, the mountain grows even more serene as birds sing." In the vastness
of nature, birds’ crisp and melodious songs embellish the trees, flowers, and plants, enriching our lives. Bird dialects offer us a unique
perspective for studying the behavior of bird communities. As noise pollution decreases, we can expect to see more birds living
alongside us, truly allowing us to live in a world filled with the sounds of nature.

Reference
CCTV News 7-01, "Birds Also Have Their Own 'Dialects'! Come Listen to the Sounds of Nature"
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Research Progress on the Combined Use of the
Main Drugs Chlorpormazine and Paroxetine in
the Treatment of Schizophrenia

Keywords: Schizophrenia, Chlorpromazine,
Paroxetine, Combined medication

1. Schizophrenia

Schizophrenia is a heterogeneous disorder that includes both positive and
negative symptoms. Positive symptoms include delusions, hallucinations,
and thought disorders, while negative symptoms manifest as anhedonia,
avolition, social withdrawal, and cognitive dysfunction. Although there are
many antipsychotic drugs available for treating schizophrenia, their
efficacy often falls short of expectations, with slow onset of action and
frequent severe side effects. While the exact cause of schizophrenia
remains largely unknown, pathologists primarily focus on dopamine and
glutamate systems. However, several other neurotransmitters and
neuromodulators, including serotonin (5-HT), gamma-aminobutyric acid
(GABA), glycine, D-serine, and neuroactive steroids, are also implicated in
the condition [1].

At present, 108 genetic loci associated with schizophrenia have been
identified, and many of these genes have been used to create animal
models of schizophrenia [1]. For example, mutations in the gene for the
cell adhesion molecule Neuregulin 1 (NRG1) and its receptor ErbB4
increase the risk of developing schizophrenia. NRG1 is expressed in
synapses within the central nervous system and plays a significant role in
the expression and activation of neurotransmitter receptors, including
glutamate receptors. Mice with heterozygous mutations in NRG1 or its
receptor ErbB4 exhibit behavioral phenotypes that overlap with those
seen in schizophrenia mouse models, further proving the connection
between NRG1, ErbB4 genes, and schizophrenia [2].

2. Mechanism of Action of Chlorpromazine

Chlorpromazine is one of the most widely used drugs for the
treatment of schizophrenia . It primarily works by blocking
dopamine (DA) receptors, particularly D2 receptors, and also
has blocking effects on alpha (a) receptors and muscarinic
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(M) receptors. While the exact antipsychotic mechanism of
chlorpromazine is not fully understood, it is believed that
schizophrenia's clinical symptoms result from excessive
dopamine activity in the brain, with an increased density of
D2 receptors. Phenothiazines, such as chlorpromazine, are
potent D2 receptor antagonists, and their antipsychotic
effects are thought to occur through blocking D2 receptors
in the mesolimbic and mesocortical pathways. Clinically,
chlorpromazine is mainly used to treat various types of
schizophr enia, showing better efficacy in acute patients.
However, long-term use is required to maintain therapeutic
effects and reduce relapse rates [3].
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3. Combined Use of Chlorpromazine and Paroxetine

Chlorpromazine has a large safety margin, but long-term and high-dose use can lead to
numerous adverse reactions. These adverse effects are categorized into general reactions,
extrapyramidal reactions, and allergic reactions. General side effects include drowsiness, fatigue,
blurred vision, nasal congestion, tachycardia, dry mouth, and constipation, affecting both the
central and autonomic nervous systems. Extrapyramidal reactions include Parkinson's syndrome,
acute dystonia, and tardive dyskinesia. Common allergic reactions are rashes, photosensitive
dermatitis, and acute agranulocytosis.

Paroxetine is a commonly used medication for treating
mental disorders. As a phenylpiperidine derivative, it interacts
with serotonin (5-HT) transporters, reducing serotonin
reuptake at the presynaptic membrane. This helps alleviate
depressive symptoms and, to some extent, boosts vitality. In
treating schizophrenia, paroxetine can be combined with
antipsychotics for better therapeutic results. Liu Ping et al. [4]
studied the clinical effects of using paroxetine in combination
with chlorpromazine. The study showed that the group
treated with both medications had significantly lower scores
for depression and anxiety than the group treated with
chlorpromazine alone. Additionally, the combination group
experienced fewer side effects. Therefore, using
chlorpromazine and paroxetine together is considered a
relatively effective and gentle treatment option.

4. Qutlook

While the combination of paroxetine and antipsychotic medications has been shown to improve
the clinical treatment of schizophrenia, its use is still relatively new, and the mechanisms are not
yet fully understood. Clinical experience with this treatment approach is still limited. Therefore,
physicians must continue to gather experience during treatment to establish a foundation for
future therapies. Hospitals should also create platforms for physicians to exchange insights and
perform case analyses to better understand paroxetine's properties and optimize its dosage in
clinical applications, ensuring the best possible therapeutic outcomes.
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De novo design of protein homo-oligomers with
modular hydrogen-bond network-mediated

specificity

Background:

The development of protein circuits can be traced back to the
1990s. Early research primarily focused on constructing
molecular circuits through gene regulation, using regulatory
elements such as promoters, transcription factors, and reactors
to control gene expression. However, traditional genetic circuits
were limited by the timescales of transcription and translation
and fixed regulatory factors, making it difficult to achieve rapid
and precise signhal processing.

With a deeper understanding of proteins and protein
interactions, researchers began shifting their attention towards
designing protein circuits. The main advantage of protein circuits
lies in their ability to respond quickly and process more complex
sighals and dynamic regulation through various chemical
modifications. This fast response mechanism gives protein
circuits greater flexibility in complex environments.

Basic research primarily focuses on the design, construction, and
functional characterization of protein circuits, aiming to uncover
the mechanisms of protein interactions and signal transduction.
Applied research, on the other hand, seeks to apply protein
circuits in biomedical and pharmaceutical fields, such as tumor
therapy, molecular diagnostics, and drug delivery.

This article was published in Science in 2016, and Pl Zibo Chen
has continued research in this direction. In 2018, a review titled
"Programmable Protein Circuit Design" was published in Cell . In
related protein studies, David Baker’s lab and the RosettaDesign
system have played a critical role.

1.Research network diagram

!
Protein circuit design is an emerging interdisciplinary field
grounded in the concept of molecular computation. Proteins have
diverse structures and functions, and through interactions,
modifications, and regulations, they can couple with other
proteins as well as intracellular and extracellular pathways. These
properties make proteins ideal components for designing and
constructing complex molecular circuits. However, the diversity of
proteins also poses challenges in the design and control of protein
circuits, such as selecting appropriate protein components,
regulating protein interactions, and maintaining circuit stability.

Keywords: Protein circuits design, HBNet

In recent years, researchers have sought to address the
challenges of protein circuit design by focusing on principles
like orthogonality and composability. Orthogonality means that
the components within the circuit do not interact with other
molecules in the cell, thus maintaining the independence of the
circuit. Composability refers to the ability to construct diverse
circuit-level functionalities using a limited set of engineered
protein components. By leveraging these principles,
researchers have successfully designed and built protein
circuits that can sense, transmit, and process information.
These circuits can dynamically control cellular behavior,
develop new therapeutic strategies, and provide powerful tools
and paradigms for programmable biology.

Innovation:

Innovative Design Method: Researchers developed a computational
method called HBNet, which can quickly enumerate all possible
hydrogen bond networks in an input backbone structure. This
method allows for the precise design of large-scale hydrogen bond
networks at the atomic Ilevel, representing a significant
breakthrough in protein design. Using this method, the specific
programming of protein oligomers becomes achievable, offering
new possibilities for synthetic biology applications.

Innovative Structural Topology: Leveraging the HBNet method,
researchers designed homomeric protein oligomers with modular
hydrogen bond networks, optimizing them using RosettaDesign.
They created dimer, trimer, and tetramer structures with novel
topologies, such as triangles, squares, and superhelices, that had
not been seen before. These innovative structures showcase the
diversity and flexibility in designing protein oligomers.

Innovative Experimental Validation: The designed homomeric
protein oligomers underwent further structural characterization
through circular dichroism spectroscopy, protein crystallography,
and small-angle X-ray scattering analysis.
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HBNet starts by examining the interactions between hydrogen bonds and steric clashes among all conformations (rotamers) of polar side
chain pairs. This method efficiently identifies low-energy hydrogen bond networks, thus optimizing protein structure design. These energy
states are stored in a graph data structure, where nodes represent residue positions, and spatially proximal positions are connected by
edges. Each edge is represented by a matrix indicating the interaction energy between different rotamers at the two positions. HBNet
traverses this graph to identify networks of three or more residues connected by low-energy hydrogen bonds with minimal steric clashes. In
panel C, the method highlights the lowest-energy, most extensive hydrogen bond networks identified within the specified protein backbone,
which are used in subsequent design optimizations to stabilize the overall protein structure. Panel D shows rejected hydrogen bond
networks, which feature buried donors and acceptors that are unmet. During the design process, these unmet hydrogen bonds may result in
unstable or unsuitable protein structures and are thus identified and excluded from further consideration.

The researchers used coiled-coils as the protein scaffold since
coiled-coils possess a repetitive geometric cross-section and
can be parametrically generated. They constructed a host
structure with two concentric rings, each made of helical
hairpin monomer subunits. The outer helix was connected to
the inner helix by a short linker, ensuring tightness in the overall
protein structure, enhancing thermal stability and functionality.
By systematically sampling the radius, pitch, z-offset between
the inner and outer helices, and overall superhelical twist, they
generated a wide range of scaffolds. Subsequently, the team
searched for networks across intermolecular interfaces within
these scaffolds and used RosettaDesign to optimize rotamer
positions of the remaining residues, enabling the design of
complex hydrogen bond networks. The study provided a
comprehensive analysis of the designed proteins' stability and
structural characteristics, revealing their typical features in
circular dichroism (CD) spectroscopy and thermal stability. A
comparison between the two-ring design and the single inner-
ring design highlighted the importance of the outer ring for
protein stability.

Fig. 3. Structural characterization by x-ray crystallography

assembly.
Fig.4 X-ray Crystallographic Structure Features
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Fig.6 Specificity of Oligomeric Interactions Tested by Yeast Two-Hybrid Assay

SAXS analysis revealed the presence of square, untwisted tetrameric and dimeric forms (A & B), along with helical dimer forms exhibiting two
superhelical geometries, right-handed (C) and left-handed (D). SAXS experimental data closely matched the designed models, confirming

that the designed proteins formed the expected oligomeric states in solution.

The results demonstrated that hydrogen bond network

designs, which divided the hydrophobic interface into relatively small areas, exhibited higher specificity compared to designs with large
continuous hydrophobic patches. The designs that partitioned hydrophobic areas across the entire oligomeric interface, with each helix
contributing at least one side chain, showed a particularly high degree of specificity. Despite having the same backbone and highly similar
sequences, the combination designs exhibited a notable specificity, while the fully hydrophobic control designs were more prone to
nonspecific interactions. The central hydrogen bond network clearly mediated the interaction specificity.
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Insights and Reflections:

The HBNet method proposed in this study represents an innovative approach in the field of protein structure design, as it
allows for the rapid and efficient search for hydrogen bond networks within scaffold structures. The modular hydrogen
bond network topologies designed in this research demonstrate novel and diverse geometries and interaction patterns.
These oligomers can serve as modular components for different logic gates, which, when assembled, could construct
biochemical logic circuits with various computational functions.

Compared to gene circuits, protein-based circuits react faster and can detect and respond to changes in intracellular and
extracellular conditions in real-time. This capability enables the construction of closed-loop feedback circuits for precise
control of cellular processes, such as regulating cell proliferation, differentiation, and apoptosis. Protein circuits can
function within cells or across multiple cells, coordinating activities at the tissue and organ levels. This opens the door to
constructing multicellular regulatory networks akin to electrical signaling.

The design principles of modularity and orthogonality in protein circuits provide a novel approach to the design of
synthetic biological circuits, contributing to the standardization and systematization of biological system construction.
Sensing and actuator modules based on protein circuits can enable the precise and dynamic detection of various signals,
allowing for programmable control over biological behaviors.
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Science Fiction Becomes Reality? The
Magic of Constructing Organs In Vitro!

Keywords: Organoids, Organs-on-Chips

Introduction:

Organoids and organs-on-chips are two rapidly developing 3D cell culture technologies that bridge the gap between
traditional in vitro 2D cell culture and animal models. In July of this year, researchers from the University of Toronto
published a review article titled "Integrating organoids and organ-on-a-chip devices" in Nature Reviews Bioengineering. This
article provides clear definitions for these two emerging technologies for the first time, explores the challenges in their
development, and demonstrates their current applications in the medical field. The article concludes by discussing the
integration of these two technologies to meet the requirements and limitations of creating integrated devices.

The Significance of 3D Cell Culture

In drug development, the commonly used traditional in vitro models include animal models and 2D cell culture models. However, animal
models are not only expensive but also pose significant ethical controversies. On the other hand, traditional in vitro 2D cell models cannot
accurately reflect the effects of drugs in vivo, and drugs screened through in vitro models still have a high possibility of failing in clinical
trials. 3D cell culture technology, however, can better simulate the physiological environment in vivo, thereby increasing the success rate of
in vitro drug screening. 2D Cell Culture: Cells are cultured on plastic or glass surfaces, which cannot accurately reproduce the complex
physiological structures.

3D Cell Culture: Cells are surrounded by other cells and extracellular matrix (ECM) as they would be in vivo, better replicating the
physiological structures of cells in the body. 3D cell culture technologies include spheroids, organoids, organs-on-chips (OoCs), and tissue
engineering relying on hydrogels or polymer scaffolds.)

First Clear Definitions

Organoids: Organoids are self-organizing structures (i.e., they can spontaneously organize from cells). They are typically derived from human
pluripotent or adult stem cells that proliferate and differentiate. Organoids contain multiple cell types and have cellular structures and
functional characteristics similar to specific organ regions. Some organoids, such as intestinal or kidney organoids, are almost indistinguishable
from natural organs histologically. However, organoids lack interactions with other organs and tissues and often do not have vasculature or an
immune system. To overcome these limitations, researchers have developed assembloids, which are self-organizing cellular systems formed by
merging different types of organoids.

Organs-on-Chips (OoCs): Organs-on-chips are engineered or microfabricated culture systems that support cell assembly into tissue-like
structures to measure the functional characteristics of simulated organs. Although OoCs do not fully replicate entire organs, they can provide
more accurate 3D cell culture to simulate the physiological responses of one or more tissues. OoCs can integrate multiple cell types in a single
device, using membranes or pillar arrays to facilitate the transport of nutrients and oxygen, and controlling geometry and multi-axis stretching
through tissue fixation—functions that are usually not achievable in traditional 2D cell cultures.

In vivo
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Challenges in Development

While 3D cell culture technologies can simulate
certain biological processes of target tissues, many

challenges remain, including issues related to
vascularization, routine evaluation of
pharmacokinetics and pharmacodynamics,

identification of drug resistance mechanisms, and
off-target effects. Additionally, in terms of size and
fidelity, their is often between
hundreds of micrometers to 1 centimeter, making it
impossible to fully replicate human organs. For
example, while heart organ chips can replicate
myocardial contraction by providing bundles of
cardiomyocytes, they cannot replicate the four
chambers of the heart, nor can they replicate the

working scale

ventricular walls.
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Integration of Organoids and Organs—onChlps

Integrating organoids and organs-on-chips aims to combine the strengths of both
technologies: on one hand, organoids can provide complex cellular composition,
enhancing the functionality of organs-on-chips. On the other hand, the precise
geometry and microfeatures of organs-on-chips help guide organoid development,
improving consistency and maturity, and enabling real-time functional readings
through built-in sensors. However, integrating organoids into organs-on-chips may
restrict organoid growth characteristics and cell lineage determination due to the

constraints of defined boundaries. Moreover,
organoids more challenging.
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Currently, by integrating organoids
and cell chips, various physiological
models have been preliminarily
constructed, including those of the
intestines, Kkidneys, lungs, liver,
pancreas, nervous system, heart,
and tumors. Taking the kidneys as an
by inducing pluripotent
stem cells to differentiate on 3D-
printed perfusable chips, Kkidney
organoids with certain epithelial
transport functions have been
successfully created.

example,

1. Strelez, C., Perez, R., Chlystek, J. S., Cherry, C., Yoon, A. Y., Haliday, B., Shah, C., Ghaffarian, K., Sun, R. X,
Jiang, H, Lau, R, Schatz, A, Lenz, H. J,, Katz, J. E., & Mumenthaler, S. M. (2023). Integration of Patient-
Derived Organoids and Organ-on-Chip Systems: Investigating Colorectal Cancer Invasion within the

Mechanical and GABAergic Tumor Microenvironment. bioRxiv: the preprint server for biology,
2023.09.14.557797. https://doi.org/10.1101/2023.09.14.557797
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How do people with diabetes eat protein?

Key words: diabetic nephropathy, protein, old age

Introduction

Kidney disease is one of the common complications
of diabetes, and about 40% of diabetic patients are
troubled by kidney disease. In addition to daily
exercise and reducing smoking, controlling diet is
also an important means of improving prognosis.
National Kidney Foundation (NKF) Kidney Disease
Outcomes Quality Initiative (KDOQI) recommends a
low-protein diet, defined as a daily protein intake of
0.6-0.8 g/kg of body weight, for patients with
diabetes and chronic kidney disease who do not rely
on dialysis. Low-protein diets have been shown to
slow the progression of kidney damage and
proteinuria, but this can lead to malnutrition,
protein metabolism disorders, increased
carbohydrate ratio and other problems, which is not
beneficial to control blood sugar levels and affect
patient prognosis.

Research Method and Design

Using 1999-2018 data from the National Health and
Nutrition Examination Survey (NHANES) database,
the researchers stratified data from 2,901 subjects
in accordance with the Kidney Disease: Improving
Global Outcomes (KDIGO) Guidelines 2022, after
excluding individuals with missing data.
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Result and Discussion

Combined with the analysis and follow-up
results, moderate increases in dietary protein
were associated with reduced mortality in
diabetic nephropathy patients.

So how much protein should you eat? In contrast
to the recommended intake in the KDOQ)I
guidelines, stratified analysis showed that
maintaining a daily protein intake of 0.6-1.2 g/kg
of body weight was beneficial for patients over
60 years of age and could reduce mortality to
some extent. Dietary protein intake of 1.0-
1.2g/kg was significantly associated with a
reduced risk of death in patients with all causes
of diabetes. Of course, for the elderly with other
chronic diseases or special conditions, this value
will change, for example, for hemodialysis
patients, considering the loss of protein during
dialysis, patients need more nutritional intake;
For older adults with high blood pressure,
protein intake of 0.8-1.0 g/kg of body weight per
day was associated with a lower risk of death;
But for very high-risk patients with a poor
prognosis for diabetic nephropathy, the value is
0.6-0.8 g/kg of body weight per day.

However, further analysis of the data found that
increased animal protein intake was associated
with increased mortality.
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Relevant research data show that compared with
plant protein, the kidney load is greater when
eating animal protein. Animal protein contains
more methionine and alanine, and after
hydrolysis, more ammonia and sulfur compounds
are generated, which will disturb the stability of
intestinal flora, improve the incidence of
cardiovascular diseases, and may lead to
inflammation. Eating a lot of red meat, especially
prepared meat, can increase the risk of high
blood pressure and damage kidney function. In
this regard, one theory is that methionine, as a
precursor of cysteine, can increase asymmetric
dimethylarginine levels and inhibit nitric oxide
(NO) from playing a role in lowering blood
pressure. Another theory is that protein and fat
produce Advanced glycation end products
(AGEs) during the Maillard reaction in a state of
high heat, which stimulates the production of
angiotensin ll, induces vasoconstriction, and
ultimately leads to an increase in blood pressure.
In popular terms, fried high-fat meat and egg
products may have the effect of raising blood
pressure, and people with hypertension and renal
dysfunction should eat less.
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Plant protein and animal protein are rich in
amino acids, and plant proteinis rich in
threonine and histidine, which have been
shown to lower blood pressure and protect
the kidneys. In addition, plant protein can
affect cholesterol metabolism, reduce
oxidized LDL cholesterol and uric acid
levels, and is very beneficial for patients
with impaired kidney function. Therefore,
for patients with impaired kidney function,
a higher proportion of plant protein intake
is beneficial for the kidneys.

All in all, it is recommended that diabetic
patients take in more protein, of which
eating more plant protein products is more
beneficial to kidney health.
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The fresh aroma after rain actually is the
scented trap of soil fungi

Keywords: botany, microorganism, soil fungi, collembolax

Introduction:

For hot summer days, several rains undoubtedly are the best gift
from God. After the rains, rambling on the road, we find that

CHj

leaves are greener, flowers are more vivid, and the air filling with
fresh aroma from the earth. However, where does the fresh
scent of soil come from? Actually, this is the scent trap made by

soil fungi. Today, let’s unravel the secret behind this fresh aroma.

TLLEE

HO

1. The volatile material released by soil fungi C HE

The earth contains a large amount of actinomycetes, slime bacteria, cyanobacteria, and a volatile compound VOCs
emitted by filamentous fungi; usually , this kind compound contains Geosmin and 2-MIB. [1] 2. Where does the fresh scent
of soil come from?

The exploration of soil scent can be traced to 1881, and Berthelot and Andre found that fresh soil scent can be extracted by
distilling. After that, some scientists found that slime bacteria living in the nutrient mediums also produced this kind of
scent; therefore, they speculated that the scent was relative to the fungi living in the soil.

Until 1964, Australian scientists I.J.BEAR and R.G.THOMAS gave the explanation for this scent and named it “petrichor.” They
pointed out that this scent came from one special substance living in the soil---Geosmin. When rains fell into the soil, it
could roll this scent and form many small bubbles. When the rains stopped evaporating after rains, this scent was released
into the air with vapor, and we could smell the fresh scent from the soil.

It is worth mentioning that microorganism biologist chairman Mark Buttner in Jhon Innes Centre claimed for BBC that the
moist soil smell that people can smell is actually due to the
molecules produced by certain bacteria. This molecule is
named Geosmin, produced by streptomyces. Most healthy soils
contain streptomyces; also, they are used to make antibiotics.
Droplets pumping to the ground stimulate Geosmin to release
into the air, and the concentration of Geosmin after rain is
higher than before rain. Many creatures are sensitive to it,
especially humans. 3. What’s the scent trap?

Actually, the scent of Geosmin not only appears in the soil but
also common in our daily life. It's just that when these smells are -.:- g ) -
present in drinking water or food, you will feel the "water smell" - =
or "rancid taste". That is, the water or food has been infected v r,_\, t ‘\I%ﬁ w".ﬂA*f A
by microorganisms. [2]According to this research, the scent ;;‘f /!'( jf’”ﬂ’f -
emitted by soil fungi not only perceived by human, also attracts some small animals such as Collembola. This is a small
arthropod preferring a moist environment, feeding in actinomycetes, slime bacteria, and other fungi. In this case, the
scent of Geosmin is a signal for Collembola about Dinner time!

However, even though the soil fungi are the food source for Collembola, the hypothesis about trap where it is from?

To be more specific, scholars analyzed one kind of actinomycetes- streptomyces ceolicolor- in the soil in the experiment.
Streptomyces is a type of gram-positive bacteria that produces spores when it is ready to multiply that can spread
nascent bacteria. The metabolites of this streptomyces spores are geosmin and 2-methylisocamphanol, which attract the
jumping insects and successfully allow the jumping insects to help spread the spores.

Therefore, we are not difficult to understand the description of the trap. The soil fungi use aroma to make the next trap to
utilize Bollembola to help them to spread the spores.
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Especially, researchers observed the reaction of Bollembola to volatile scent and found that
Collembola is not only attracted by Geosmin but also stimulate Collembola‘s tentacles by the
intermediates of synthesized Geosmin germacradienol and sub-product Geranie-D to have
electrophysiological responses. [3]

1. The reciprocate relationship between Collembola and the soil

With the above introduction, | believe you have also realized that the relationship between jumping
insects and soil fungi is not a one-way profit drive, but a special mutually beneficial relationship. Let's
take a look at how this mutually beneficial relationship is manifested.

4.1

Streptomyces is the food for Collembola

Streptomyces produces some harmful metabolites that are not conducive to invertebrate
consumption. However, Streptomyces is the only source of food for springworms, mainly due to the
multiple gene clusters associated with detoxification mechanisms contained in the genome of
springworms. Additionally, Streptomyces can produce a variety of antibiotics to help jumping worms
Kill pathogens in the body. Therefore, Streptomyces has fatally become food for jumping worms.

4,2

Collembola can help spread Streptomyces

Although Streptomyces is food for the jumping worms, the jumping worms are also very helpful for
the spread of Streptomyces. Jumping worms can help the spread of fungal spores and help
Streptomyces complete its life cycle.

There are two means for spreading Streptomyces
1. body surface adhesion

Studies have shown that the body surface of the
jumping insects is covered with a hydrophobic
waxy layer, which has a certain resistance to
sticking, and most fungi cannot adsorb on the
body surface of the jumping insects, but the
spores can. Research data show that there are
10,000~100,000 streptomyces spores on the
body surface of the jumping insects exposed to
Streptomyces, which are mainly adsorbed on the
bristles of the jumping insects.

2. spread by secretion

According to the research, in the secretion form Collembola, there are 70.8% Collembola’s secretion
containing active streptomyces sprods. This finding confirms that sprods can live in Collembola’s
intestine and spread via secrete. [3]

2. other reasons about the fresh scent

In fact, we smell many other mixing fresh scents except the soil scent after rains. For example, the
smell of essential oils volatilized by plants after rain, or the ionization of oxygen molecules in the air
into positive and negative oxygen ions, will also make us feel fresher.

In this case, after rains, let’s go outdoor and heavily breath the fresh air!
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A brief analysis of ethical issues in animal
experimentation

Keywords: l[aboratory animals

Laboratory animals are an
indispensable part of medical
experimentation; however, the ethics
and welfare of these animals have
long been a focus of social debate.

Supplementary: Laboratory animals
refer to organisms that have been
domesticated by humans over a long
period, selectively bred according to
scientific requirements, controlled
for microorganisms they carry, and
have a clear genetic background or
known origin. Animals used in
education, production, testing, and
scientific research are often referred
to as "living reagents."

For laboratory animals, sacrifice and contribution seem to have become their destined role. But does this mean we
can disregard their inherent life value, using and disposing of them solely according to human will? If not, where
should the boundaries lie for practitioners during actual use? With the increasing number and fields of animal
experimentation, these questions have clearly become a matter of broad discussion and controversy beyond the
scientific community, garnering attention from all sectors of society.

In Western countries, the early seeds of animal protectionism can be traced back to philosophical discussions on
the rights of non-human entities in ancient Greece and Rome. With the rise of Christianity, anthropocentric
thought came to dominate, positioning animals as subordinate beings created by God to serve humans. However,
during the Renaissance and Enlightenment periods, the philosophy of benevolence began to take root, emphasizing
kindness and compassion toward animals. In this period, concern for animal welfare increased, and calls to protect
animal rights emerged.

In recent years, the proportion of animal experiments in all scientific research has continued to increase. It is
estimated that in 2015 alone, the number of animals used for scientific research worldwide reached as high as 192.1
million; in 2021, the global market for laboratory animals was valued at around $20 billion, with the United States
alone potentially using up to one billion laboratory animals between 2017 and 2018. In recent years, the demand for
laboratory animals in China has also steadily risen. In 2015, the annual usage of laboratory animals in China reached
11.595 miillion.

Ethical issues arising from animal experimentation have also gained increasing attention. For example, in 2011,
researchers from MIT, Harvard Medical School, and the Broad Institute published a paper in Nature titled
“Selective killing of cancer cells by a small molecule targeting the stress response to ROS,” reporting that a small
molecule, piperlongumine, could selectively kill cancer cells in mice. In September 2015, Nature issued a correction,
retracting part of the data from the study due to some mice's tumor volumes exceeding the maximum allowable
diameter of 1.5 cm. The resolution included a public apology from the authors, along with a mandate from Nature
requiring future studies involving animal experiments to state the maximum tumor size permitted by the
Institutional Animal Care and Use Committee and confirm this limit would not be exceeded during
experimentation.
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Although China began addressing animal welfare and ethics in research later than Western
countries, significant legislative progress has been made. However, the following issues still
exist:

Limited Awareness Among Professionals Regarding Animal Welfare and Ethics

Many medical researchers have a superficial understanding of animal welfare ethics, often
viewing it merely as providing adequate care for laboratory animals. The specifics of
implementation remain unclear to many, and some individuals perceive ethical reviews for
animal welfare as a mere formality with little actual value.

Need for Strengthening and Enhancing Animal Welfare Ethics Committees

Many institutions still lack adequate awareness of animal welfare ethics and do not prioritize it
sufficiently. Ethical committee members often lack specialized training, and some even show
indifference toward ethical issues related to laboratory animals. This slows the progress of
discussions on animal welfare, often failing to meet expected outcomes. Unexpected
challenges frequently arise, and adherence to animal welfare principles largely depends on
the professional integrity and ethics of practitioners. Therefore, a key focus should be on
managing projects effectively throughout their duration and ensuring comprehensive
oversight. This is essential to prevent welfare practices from becoming superficial and to
realize genuine animal welfare.

Insufficient Infrastructure for Laboratory Animal Research Platforms

Laboratory animal breeding and care require specific environments, specialized feed, and
bedding materials. The scale and quality of laboratory animal research platforms directly
impact the progress and quality of research projects, as well as the level of welfare provided
to the animals. However, the development of laboratory animal platforms lags behind the
needs of current medical research, with noticeable regional disparities. These issues hinder
the implementation of animal welfare ethics, the enhancement of research quality, and the
translation of research outcomes.

In summary, to ensure the ethical welfare of laboratory animals, the following areas need
improvement:

(1) Ensure Physiological Needs: Provide adequate nutrition to prevent hunger and thirst,
supporting animals' growth and development.

(2) Protect Psychological Needs: Shield animals from fear and distress, preventing them from
experiencing mental suffering.

(3) Provide Environmental Conditions: Ensure adequate shelter or comfortable living spaces
where animals can avoid extreme weather and other natural hazards.

(4) Provide Sanitary and Health Conditions: Prevent and reduce injury, illness, and pain,
ensuring sick animals receive timely medical treatment.

(S) Ensure Natural Behavioral Expression: Provide sufficient space and conditions that meet
animals' needs for interaction and other normal behaviors.
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Silent high-pressure society: Microglia-
mediated social dysfunction

Keywords: microglial cell; Microglia type | interferon;
Synaptic loss; human communication disorders

Introduction:

In various dystopian and realistic
films and television works, we can
often feel the alienation between
people, helplessness and the
numbness of society as a whole
through the camera -- expressionless
employees in office buildings,
children with lost eyes in slums,
workers without thinking on
assembly lines.......

Today, with the rapid rise of science and technology, the alienation of people is becoming more and
more serious, and indifference seemsto have become a common disease of The Times.In this society
that seems like a pressure cooker, mental diseases such as depression, schizophrenia and other
mental diseases caused by chronic pressure go hand in hand with the social status of silence and
alienation, among which social disorders are one of the core diseases of these diseases. This
condition has previously been linked to synaptic dysfunction and loss of dendritic spines in the
prefrontal cortex of the brain. [1] A study published in August in Molecular Psychiatry by Anil Kumar
Pillai of the University of Texas Health Science Center at Houston, USA, suggests that type | interferon
receptors (IFNAR) in microglial cellsplay a key role in regulating synaptic plasticity and social
behavioral deficits associated with chronic stress conditions. [2]

Figure 1. Still of Squid Game

The Three-chamber
test assesses the social
preferences of mice
with strangers. The
experimental
apparatus is divided
into three connected

* compartments, two

gt@):f\ side chambers and an
Figure 2. The abridged general view of Three-chamber test intermediate chamber.
At the start of the experiment, a mouse was placed in the middle chamber, and either a strange
mouse or an empty compartment was placed in each of the two side chambers. By looking at the
amount of time a laboratory mouse spends in various compartments, its preference for social
interaction can be assessed. The Reciprocal social interaction test evaluates the physical interaction
between a mouse and an unfamiliar mouse. Two mice are placed in the same environment, usually an

open test box. Contact, chasing, sniffing and other interactions between the two mice were
recorded, as well as their reaction time and frequency.
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The Y-maze test assesses spatial working memory in mice. The mouse was placed in one of the
arms, allowing the mouse to freely explore the maze, recording the order and frequency in which
it entered the different arms to assess the mouse's spatial learning and memory ability.

The researchers then examined mRNA levels
{B} (C} of several pro-inflammatory and anti-
inflammmatory cytokines and found that they

IFNI} IFNT were significantly increased in the PFC of CUS
34 * 2+ mice, suggesting that CUS promotes
& ° ) : neuroinflammation. After skeletonization
& 2- T E . _}-_ analysis, it was found that the synaptic
O & 14 T density in PFC of CUS mice was significantly
!,,; 14 ° 1,;_. 00 reduced compared with that of normal mice.
- |"§r - . With significant increases in serum IFNP levels
0 0 and microglial activation found in PFCS, the
NS CUS NS CUS . .
researchers next investigated the role of
microglia IFNAR in mediating cus induced
Figure 3. [FN levels were Increased in CUS group social behavioral deficits. After knocking out
This study further elucidates the importantrole  |[FNAR in microglia, chronic stress-induced
of microglia in mediating social impairments social impairment and synaptic loss were
caused by chronic stress. reduced in mice.

Figure 4. Decreased synapses in CUS group

The results showed that the expression of inflammatory factors
in the PFC of mice exposed to Chronic unpredictable stress
(CUS) increased substantially. The inflammatory factor IFN binds
to IFNAR on microglia, thereby activating the expression of genes MS EU 5
associated with synaptic loss in microglia. The loss of synapses in -
the PFC further leads to social dysfunction in the organism.

Con-NS Con-CUS IFNARMEXO .CUS

Figure 5. Microglial cell morphology of normal mice, CUS mice and IFNAR mutant mice under CUS

Ibal

Research significance:

The study found that chronic stress exposure induced an increase in IFNAR expression in microglia,
and that mice with microglia-specific IFNAR deletion were protected from chronic stress-induced
damage to synaptic density and social behavior. Treatment with IFN has previously been shown to
worsen depressive symptoms in multiple sclerosis patients with a history of depression [3], and this
study further demonstrates the neurotoxic effects of IFN. Furthermore, the study provides a potential
therapeutic strategy targeting IFNAR for the treatment of chronic stress-related behavioral deficits.
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Subverting Cognition! Can Salt actually
help fight cancer?!

Keywords: High-Salt Diet, Adoptive Immunotherapy, CD8+ T

I nt rOd U CtiO N: Cells, Glutamine Metabolism

Sodium chloride (NaCl), commonly known as table salt, is an indispensable seasoning in daily life,
holding an almost unshakeable position on the dining table. Recent studies have shown that NaCl can
promote tumor regression through T cells.

Research Introduction:

In recent years, studies have increasingly discovered that
sodium chloride (table salt) can regulate the immune
system in various contexts, highlighting its multifaceted
immunomodulatory effects on cell activation,
differentiation, and effector function. This raises an
intriguing question: what impact does sodium chloride
have on cancer?

Recently, a team led by Enrico Lugli in Italy found that
sodium chloride can enhance the anti-cancer effects of T
cell therapy in mice. This discovery suggests that the
efficacy of T cell-based immunotherapies such as CAR-T
and TCR-T could be further enhanced by simple
treatments, facilitating rapid translation into clinical
applications. Notably, they also confirmed in mice that a
high-salt diet can enhance the anti-cancer capacity of T
cells and inhibit tumor growth.

~—

It is worth noting that this is the first-time scientists have
found that sodium chloride can enhance the activation
state and effector function of human CD8+ T cells, thereby
boosting their tumor-Killing ability. Thus, it can act as a
positive regulator of anti-tumor immunity. This research
reveals the potential mechanisms by which sodium
chloride aids cancer treatment, helping to improve the
efficiency of adoptive immunotherapy and allowing more
cancer patients to benefit from this approach.

e _J

-’."""

Experimental Process and Results:

The researchers first treated CD8-positive naive T cells
with high salt (80 mM) and another group of T cells with
urea and mannitol to simulate the osmotic pressure
changes caused by high salt as a control group.
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Compared to the control group, the experimental group showed a significant increase in the
expression of granzyme B genes, indicating that high salt induces the activation of effector
memory T cells. RNA sequencing results further revealed widespread changes at the
transcriptome level induced by high salt, with transcripts related to effector or cytotoxic functions
and stemness being upregulated. They also found that the main regulatory factors inducing T cell
metabolic reprogramming, genes encoding plasma membrane glutamine transporters, and genes
related to glycolysis were upregulated. This indicates that high salt also reshapes T cell

metabolism.
From the perspective of

b .
p=8.58 x 1072 P=1.03x10" cellular functional Changes,

GSEA in CD8 T cells: high NaCl versus low NaCl
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e % 1.0 4 j;___: o . .
OO T , - 3 increased interferon-y and
i = A degranulation markers. In
?u ﬁG &\&@ ‘ﬁ' Vvitro cytotoxicity assays
Rank in ordered dataset N - N - showed that T cells treated
e f g9 . .
e OlowNsCl B HighNeGl o 10000  P=00048 g nq 00N with high salt were more
7 | 30 efficient at Killing
%Eé 8 80 | % ) . ) E o O i
635 S ol W E o0 5B o . _ melanoma cells.
23 B ™y 2 200 59 E w0 @
ey - N | o 40004 ~A~0 Q a ©
et £ o] s 4] 0% 8% = | 5% Furthermore, they noted
28 E S 204 I". & 2000 o - E '
3°% ) \ 5 S enhanced T cell receptor

995‘ g'" e et & & & (TCR) signaling; for high

| ; salt to exert its effects, it
must be combined with
TCR activation stimuli.

FIGURE 1: SODIUM CHLORIDE CAN ENHANCE T CELL ACTIVITY.

Based on the above findings, the researchers propose that high salt promotes the effector
differentiation of human CD8-positive T cells. They then boldly extended the research to the in
vivo environment to investigate the effects of a high-salt diet on tumor immunity in mice.

They provided the mice with a high-salt diet (with 4% salt in food and 1% salt in water) and allowed
them to eat freely. Two weeks after starting the high-salt diet (HSD), they transplanted MC38
colon adenocarcinoma cells into the mice and found that the high-salt diet caused sodium
chloride to accumulate in the tumors, inhibiting tumor growth, while accumulation in other
organs was minimal, without affecting the overall health of the mice.

In terms of anti-tumor effects, the high-salt diet significantly inhibited tumor growth compared
to the normal salt diet (NSD). However, after using anti-CD8 monoclonal antibodies to deplete
CD8-positive T cells in the mice, the anti-tumor effects of high salt completely disappeared,
indicating that CD8-positive T cells are critical for the anti-tumor effects of a high-salt diet.
After analyzing the immune cell changes in the tumors of mice, scientists found that the
frequency of CD8-positive T cells, natural Killer cells, and CD4-positive T cells was more than
twice that of the control group in the high-salt diet group.

Specifically, regarding CD8-positive T cells, compared to the control group, the high-salt diet
group had a decrease in transcripts associated with terminal differentiation and exhaustion,
while transcripts encoding cytotoxic molecules or related to activation and effector
differentiation increased.
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It is evident that a high-salt diet promotes immune activation while eliminating immune
suppression.Notably, they also discovered that the transcriptional profiles of CD8+ T cells induced by
the high-salt diet exhibited positive changes, characterized by downregulation of genes associated
with terminal differentiation and exhaustion, and upregulation of genes related to cytotoxicity,
activation, and effector differentiation, similar to those induced by PD-1inhibitors. The high-salt diet
enhanced the effector function of CD8+ T cells, inhibited their terminal differentiation, and
accelerated the process of tumor clearance by CD8+ T cells.
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Figure 2: Schematic diagram of the design of in vivo experiments (a); average tumor volume of male B6 mice fed a normal salt diet (NSD) or a high-salt
diet (HSD) after treatment with anti-CD8 antibodies or control antibodies (b); single-cell RNA sequencing (scRNA-seq) data collected from mice fed
NSD or HSD on day 19 post-tumor inoculation (c); bar chart showing the frequency of each cluster of cells in mice, with arrows indicating clusters that
changed in mice fed a high-salt diet (d).

Next, the researchers explored the mechanisms by which a high-salt diet reshapes CD8-positive T
cells. They found that NaCl-mediated reprogramming largely depends on increased uptake of
glutamine from the microenvironment. In simple terms, a high-salt diet promotes the intake of
glutamine by CD8-positive T cells, achieving T cell reprogramming at the epigenetic level and
enhancing their anti-tumor activity.

Biological Mechanism

During the culture of CD8+ T cells, NaCl supplementation induces effector cell differentiation,
interferon-y (IFN-y) production, and cytotoxicity, while maintaining the gene networks responsible for
stem-like plasticity. Thus, in humanized mouse models, this results in superior anti-tumor immune
responses generated by the infusion of specific tumor T cells. In mice, a high-salt diet (HSD)
suppresses terminal differentiation in a CD8+ T cell-dependent manner and enhances the effector
capacity of CD8+ T cells, thereby inhibiting tumor growth.

Mechanistically, NaCl enhances glutamine consumption, which is crucial for transcription, epigenetic,
and functional reprogramming. In simple terms, this is a glutamine-dependent process. After treating
CD8-positive T cells with high salt, the expression of genes encoding glutamine transporters is
upregulated, promoting the uptake of glutamine by CD8+ T cells; the metabolic products of glutamine
can increase the activity of demethylases, enhancing chromatin accessibility at specific gene loci in
CD8-positive T cells.
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In humans, CD8+ T cells that recognize antigens in tumors and predict a good response to immune
checkpoint blockade (ICB) therapies are similar to those induced by NaCl. Therefore, NaCl
metabolism is a regulator of the effector functions of CD8+ T cells and has potential implications for
cancer immunotherapy.

Future Prospects:

This finding reveals the potential immunoprotective role of NaCl and provides new insights into the
metabolic reprogramming of immune responses, which has profound implications for
immunotherapy. It is important to note that while the research demonstrates that sodium chloride
can enhance anti-tumor immunity, this conclusion is still in the preclinical exploration stage, requiring
rigorous human clinical trials to validate its efficacy and safety. Moreover, a high-salt diet is a major
contributor to various serious health issues. Therefore, we cannot conclude that a high-salt diet can
fight cancer or even prevent cancer based on these two studies, nor should we attempt the
experimental methods mentioned.
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Personally, the excessive use of colors to emphasize keywords and key sentences, along with insufficient
emphasis on subheadings, makes the entire article visually uncomfortable and somewhat chaotic. The
formatting is not ideal; | suggest reducing some colors and emphasizing subheadings with underlining or
bolding.

The consequences of a high-salt diet in enhancing immunity could be illustrated with appropriate
examples, and this article could explain some technical terms.

In the “Experimental Process and Results” section, you could explain the original functions of T cells and
the effects of high salt on them, as well as the benefits and changes associated with metabolic
reprogramming.
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Only using petty skill, works like magic

i Keywords: Toxoplasma gondii; protein medicine; neuron; drug delivery
Introduction:

Delivery of macromolecules through biological barriers, such as the blood-brain barrier, is difficult, limiting its application in
vivo. Toxoplasma gondii is a parasite that naturally transmits from the human gut to the central nervous system (CNS) and
can deliver proteins to host cells. In the present study, we utilized the endogenous secretory system of Toxoplasma gondii-
rod bodies and dense granules to deliver multiple large (> 100 kDa) therapeutic proteins into neurons by translational
fusion with actin-binding protein and GRA 16, and demonstrated the effectiveness of drug delivery.

Methods and design

Researchers use toxoplasma gondii as a vehicle to deliver protein. Toxoplasma gondii is ubiquitous, and they can actively
migrate into the central nervous system, cross the blood-brain barrier through complex forms of co-evolution and
adaptation with the host, and then largely persist in the central nervous system.
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to test using easily detectable genome editing proteins such as zinc finger proteins
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No significant differences in their abilities to invade, replicate, and deliver proteins to the host cell nucleus

Proving by the experiment, toxoplasma gondii can deliver between proteins in cells by dense granules. To deliver
interested therapeutic proteins directional transfer to dense granules, researchers constructed fusion expression vectors
of GRA16 with various fusion proteins, among which GRA16 fused with nuclear proteins TFEB and MeCP2 exhibited the
most potent delivery and targeting capabilities. Especially, they are Mammalian Full-Length Proteins which sizes arrive
109kDa and 110kDa. Staining of mouse brain slices revealed that Toxoplasma gondii can deliver the MeCP2 protein to
neurons in the brain without affecting the distribution and survival of the parasite. Furthermore, the study compared
Toxoplasma gondii strains expressing different proteins and found no significant differences in their abilities to invade,
replicate, and deliver proteins to the host cell nucleus.
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Although fusion proteins’ delivery efficiency is same as
GRA16, but when entre into cells, these fusion
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Researchers found that toxofilin-Cre has a significant

-

advantage in delivery efficiency in 3D imaging. In this

case, one explanation is that toxofilin-Cre may use
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The comparison of expression level in the nucleus of

the host cell between fusion proteins and GRA16

Conclusion:

This research indicates that Toxoplasma gondii

can be the protein delivery system in cultured
fibroblasts, in vitro differentiated neurons,

human brain organoids, and mice, and suffer

effects in different conditions that impact

delivery ways. The chromatoid body system

directly expels proteins into host cells through
transient opening of the plasma membrane,

avoiding cell invasion or persistent presence in

these cells. In contrast, the secretion of dense
granules needs to coexist with toxoplasma

gondiis and cells, but it can provide a higher
secretion of protein and a more lasting delivery.
Samples do not observe the correlation between
delivery efficiency and sizes of proteins; namely, the
size of protein is not the limitation of delivery
efficiency. With observing, whether it is rod protein
secreted by granulosa cells or protein secreted by
dense granules, protein delivery levels are highest in
the cortex.

Although Toxoplasma gondii has no symptoms in most
circumstances when they are infected, this still induces
a series of negative impacts, hence it is necessary that
further studies need to describe and improve the
safety and efficacy of Toxoplasma gondii-based

vectors.
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3D imaging shows the average volume distribution of Zsgreen+ cells in each brain region
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How Pregnancy Might Rewire Your Brain
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Introduction:

Pregnancy represents a tremendous transformation in both a woman’s physical body and psychological state, due to a
dramatic surge in reproductive hormones and subtle brain reformations. The prevalence of “pregnancy brain” , for
instance, referring to symptoms of forgetfulness, difficulty concentrating, and mental fogginess, speaks to the cognitive and
neurological changes that a mother might undergo. Additionally, many women also reported increased empathy and
emotional sensitivity during pregnancy and post-partum. By sensitizing the brain to key stimuli, these cognitive and
neurological adaptations are speculated to serve as the evolutionary preparatory mechanism for parenthood. Yet there still
exists a considerable gap in the scientific literature on pregnancy and post-partum neuroscience. It was not until the recent
decade that science began to recognize the alterations that pregnancy produces in the human brain, with new studies
emerging that observe lasting structural brain changes and effects of hormonal fluctuations during and after pregnancy.
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corroborates its validity. In a prospective cohort

study comprising 40 pregnant and 40 non-pregnant women, researchers found that non-pregnant women outperformed
pregnant women in cognitive tasks such as Verbal Paired Associates (participants listen and remember paired words),
Naming Objects and Fingers (participants name everyday objects and the fingers on their hand), and Digit Span
(participants repeat back a series of numbers in the order they hear them or in reverse order). This demonstrates
deficits in learning, memory, language abilities, and attention among pregnant women, which are associated with the
involvement of brain regions such as the lateral, medial frontoparietal, occipital areas, prefrontal lobes, and inferior left
parietal lobule (Barda et al.). In addition, the study suggests that impairment in cognitive functions may be attributable

to hormonal changes, especially during the later stages of pregnancy.

2.Gray Matter Loss

Other cognitive shifts, particularly enhanced maternal caregiving and bonding, can be explained by changes in the brain
structure. Studies have confirmed that pregnancy can induce pronounced gray matter volume reductions in brain regions
associated with social cognition, empathy, reward processing, and emotional regulation. In a 2021 longitudinal study
following a cohort of 25 first-time mothers and 20 nulliparous women, researchers found that most pregnancy-induced
gray matter shrinkage persisted at least six years after parturition. Using MRI scans, researchers were able to

classify women as having been pregnant or not with a 91.67 % accuracy. Full brain analysis also showed gray matter
volume changes in every region of interest in the study, including the medial prefrontal cortex(involved in social
cognition, decision-making, and empathy); precuneus (involved in self-awareness, social processing, and perspective-
taking); hippocampus(associated with memory and learning); inferior orbitofrontal cortex (involved in emotion regulation,
reward processing, and decision-making); and superior temporal cortex (involved in auditory processing and language
comprehension) (Martinez-Garcia et al.). Lastly, to corroborate the relation between brain changes and motherhood,
larger decreases in GM volume were associated with higher scores on the “Pleasure in Interaction” , substantiating their

relation to reinforced maternal bonding and caregiving behaviors.
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GM volume decreases (POST6y—~PRE), n =7 Fvalue Gray matter volume changes for every region of interest
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at every session (Martinez-Garcia et al.) Gray matter
volume decreases between the before conception (PRE)
and the six years after parturition (POST6y) sessions in
mothers (Martinez-Garcia et al.).

3.Synaptic Pruning

The losses in brain mass, however, are not harmful but are akin to the similar decline in GM volume that occurs
during adolescence, representing a process of pruning or streamlining of brain circuits. During this process, weak or
excess neural connections are eliminated in order to optimize neural efficacy and tune the brain networks to more
specialized functions. In pregnancy specifically, this process of synaptic pruning serves as an adaptive functioning,
wherein essential cognitive functions take precedence to enable better caregiving behaviors, social bonding,
parenting skills, and decision-making during and after pregnancy (Anderson & Rutherford).

4.Hormonal Influence

Closely interwoven with the body’s neural network, hormones play a vital role in cognitive, emotional, and behavioral
changes during gestation and after parturition. Hormones like estrogen, progesterone, oxytocin, cortisol, and prolactin
orchestrate the reorganization of the brain's structure and function as well as underlie cognitive transitions and mood
fluctuations.

Sex steroid hormones, primarily estrogen and progesterone, witness a dramatic surge during pregnancy, and peak in
the third trimester. Estrogen is one of the principal triggers for pregnancy-related structural neuroplasticity and
interacts with the brain’s Default Mode Network (DMN). DMN is composed of brain regions that are active when the
individual is engaged in self-referential thinking, autobiographical memory, and social cognition. For example, a
prospective cohort study that follows nulliparous women over time noted that third-trimester estradiol (a type of
estrogen) levels are closely linked to neuroplasticity by enhancing dendritic spine and synapse density, which can
amplify functional connectivity and coherence in DMN. Increased DMN coherence, as a result, might lead to a shift in
identity and cognitive focus from the mother to the child and augmented maternal responsiveness and capacity to
interpret the infant’s cue (Hoekzema et al.).

Other hormones, like the stress hormone cortisol, which increases to support fetal development and regulates immune
response and metabolism, can impair learning and memory by damaging the hippocampus. High cortisol levels are
associated with symptoms of forgetfulness and cognitive deficits, which can explain the phenomenon of “brain fog”
or “pregnancy brain” during pregnancy. Cortisol, although critical to the development of the fetus, however, can
also increase sensitivity to stress and anxiety, potentially contributing to prenatal depression.

Conclusion:

Historically, pregnancy has often been overlooked in scientific inquiry, with a lack of focus on neural changes spurred
by pregnancy. While advancements in technology have enabled more precise equipment for investigating neurological
landscapes, gaps remain in the understanding of pregnancy-induced changes occurring during gestation. Most research
tends to focus on brain changes observed after childbirth as opposed to within its duration. Moreover, the long-term
effects of these changes are also underexamined This oversight not only limits our understanding of maternal brain
health but also impacts the quality of maternal healthcare practices. Addressing these gaps is essential not only in
terms of academic interest; it is crucial for enhancing maternal healthcare practices and fostering a supportive

environment for new mothers.
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Quinoxaline derivatives and their
biomedical applications

Quinoline is a class of electron-deficient aromatic
rings with multiple substitution positions, which can
be utilized in the design of fluorescent materials. By
introducing certain electron donors, the quinoline
core can be modified to tune the photophysical
properties of its derivatives. In recent years, quinoline
has demonstrated broad application prospectsin
fields such as phosphorescent materials, donor-
acceptor theory, and fluorescent probes, especially in
high-sensitivity detection techniques in biomedical
and chemical sensing applications. However, despite
some progress in the development of quinoline-based
luminescent materials, research on material structure
design and response mechanisms remains
insufficiently deep. Future studies need to further
explore its potential applications and directions for
performance optimization.

1.1 Pressure-Induced Luminescence
Pressure-induced color change (MCL) materials refer
to a type of sensitive fluorescent material whose
fluorescence color undergoes reversible changes in
response to external stimuli, such as mechanical
stress (e.g., grinding, pressing, crushing, scratching,
and shearing), thermal treatment, and solvent vapor
[1-2]. Research has shown that materials used for
detection purposes exhibit higher sensitivity when
their emission spectra are less affected by
interference compared to their absorption spectra.
Due to the responsive characteristics of MCL
materials to external stimuli, they hold potential
application value in various fields, including
luminescent devices, fluorescent switches,
mechanical force sensing, data storage, and security
inks [2]. Most reports indicate that changes in
molecular conformation, packing, and intermolecular
interactions under external stimuli are key factors
influencing MCL performance.

1.2 Donor-Acceptor (D-A) Theory

In the design of MCL materials, the donor-
acceptor (D-A) theory is frequently employed to
regulate the optical properties of the materials.
The D-A theory is based on the interactions
between donor and acceptor units, providing a
foundation for molecular structure design and
bandgap regulation. Quinoline, as a typical
electron-accepting molecule, features a highly
conjugated n-electron system and excellent
electron-accepting capability, making it a
common choice as the acceptor unit in D-A
systems. According to D-A theory, by altering the
electron donor and acceptor, itis possible to
tune the energy gap and structural
characteristics of the materials, leading to
widespread applications in the field of organic
optoelectronic materials [3-6].
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Figure 1.1 Donor-Acceptor (D-A) Theory

1.3 Fluorescent Probes

Fluorescent probe technology utilizes the
photophysical and photochemical properties of
specific substances to conduct qualitative and
qguantitative studies on research subjects at the
molecular level [7]. This method is highly sensitive
and offers a broad dynamic response range,
making it widely applicable in various detection
and labeling
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scenarios. For example, various ions, amino acids, and
biological enzymes present in living organisms play
irreplaceable roles in maintaining physiological
balance and coordinating physiological activities.
Currently, researchers have developed different types
of fluorescent probes to study physiological
processes within organisms [8]. Fluorescent chemical
sensors hold significant application value in fields
such as molecular biology and clinical diagnostics,
experiencing rapid development in recent years [?].

1.4 Research Progress on Quinoline-Based

Luminescent Materials

Quinoline, also known as benzo[b]pyrazine, features
an electron-deficient and rigid planar structure,
making it suitable for the design of fluorescent
materials [10-18]. Quinoline has multiple substitution
positions, which can be modified by introducing
electron donor groups to yield high-performance
fluorescent materials [4-6]. Recently, researchers
have also discovered that it shows strong
responsiveness to specific metal ions, enabling its use
in the creation of fluorescent probes or chemical
sensors [19].

In 2016, Chen et al. [19] designed and synthesized a
series of symmetrical cross-conjugated organic
luminescent materials with different substituents.
They systematically studied their intramolecular
charge transfer (ICT), piezochromic fluorescence
(PFC), and sensing properties. The results indicated
that luminescent materials with the same conjugated
backbone exhibited varying ICT interactions. Analysis
by Lippert and Mataga revealed that the dipole
moment difference between the ground state and
excited state of the unsubstituted material 1 (as
shown in Figure 1.2) was the largest. Furthermore, due
to the phase transition between the crystalline and
amorphous states, the target material exhibited
reversible PFC characteristics. Material 2, with
pyridine as a substituent (as shown in Figure 1.2),
exhibited the most pronounced piezochromic
fluorescence. A color shift of 40 nm was observed
when the original sample was ground. Additionally,
materials 1 and 2 showed selectivity and sensitivity to
Fe®+. Material 2 could also serve as a colorimetric and
fluorescent chemical sensor for silver ions.

In 2018, Yu et al. [4] aimed to address the challenge of
achieving both high efficiency and low efficiency roll-
off in organic light-emitting devices (OLEDs) based on
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thermally activated delayed fluorescence (TADF)
emitters. They meticulously designed and
synthesized a series of novel emitters (3, 4, S, and 6,
as shown in Figure 1.2) by incorporating 2,9-
dimethyl-9,10-dihydroacridine (DMAC) or 10H-
phenoxazine (PXZ) as donor units within the
qguinoline framework. They discovered that by
adjusting the electron-donating ability of the donor
and the number of donor units, they could
systematically tune the photophysical properties of
the TADF-AIE emitters, allowing the emission range
to span from green to red.
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Figure 1.2 Recent Quinoline Derivatives

In 2019, Wang et al. [S] desighed and synthesized
two highly fluorescent emitting materials (7 and 8,

1.2),
triphenylamine (TPA) groups served as electron-

as shown in Figure where two adjacent
donating units, and a dibenz[a,c]phenazine group
acted as an electron-accepting group. In material 7,
the introduction of two cyano groups connected to
the

electron-accepting ability. The results showed a

dibenz[a,c]phenazine unit enhanced its
significant red shift in the UV-vis absorption and
photoluminescence spectra of 7 compared to 8.
Additionally, the introduction of cyano groups in 7
resulted in significant separation of the frontier

molecular
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orbitals (FMQOs), leading to a small singlet-triplet
splitting energy (AEST) and a strong intramolecular
charge transfer (ICT) state. Notably, material 7
exhibited a higher photoluminescence quantum yield
(PLQY) and better device performance than 8. An
OLED device doped with 10 wt% of 7 achieved a
maximum external quantum efficiency (EQE) of
24.97%.

In 2021, Fu et al. [6] synthesized three novel donor-
acceptor-donor (D-A-D) type molecules (92,10, and 11,
as shown in Figure 1.2) composed of triphenylamine
(TPA) and substituted quinoline parts, which were
further used in electrochromic devices. Derivatives 9
and 10, featuring two twisted substituents on the n-
conjugated main chain, demonstrated effective
electrochromic properties, including up to 70% high
optical contrast, a short response time of less than 3
s, high coloring efficiency exceeding 200 cm? C-', and
good cycling stability. However, derivative 11, which
utilized a highly coplanar fused electron-acceptor
unit, exhibited poor electrochromic performance and
low stability.

1.5 Applications of Quinoline-Based

Luminescent Materials in Biomedicine
Quinoline-based luminescent materials demonstrate
extensive application potential in the biomedical field
due to their unique structure and optoelectronic
properties. Some compounds within this class
possess aggregation-induced emission (AIE)
characteristics, significantly enhancing fluorescence
in the aggregated state, thus avoiding fluorescence
qgquenching issues commonly encountered with
traditional fluorescent dyes. This feature allows
quinoline-based luminescent materials to excel in
biomedical imaging, achieving efficient detection and
diagnosis of cells, tissues, and living organisms. For
example, fluorescent molecules based on the
guinoline skeleton have been successfully applied for
the specific detection of cell ferroptosis processes in
vivo and in vitro.

Moreover, quinoline compounds have been widely
studied and applied in the development of anti-
cancer, anti-microbial, and anti-viral drugs. Through
chemical modifications and structural optimizations,
drugs with higher activity and selectivity can be
designed. As fluorescent probes, quinoline-based
luminescent materials exhibit high sensitivity and
selectivity, enabling efficient recognition and
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detection of specific biomolecules, such as
fluorescent probes for detecting explosives like
trinitrophenol and specifically recognizing glutathione.

1.6 Current Issues

Currently, research on quinoline-based organic
fluorescent materials has made certain progress, with
some materials exhibiting high photoluminescence
quantum yields and promising applications in
luminescent devices; some quinoline-based materials
respond to specific metal ions [19]. However, overall,
the number of reported quinoline derivatives remains
relatively small, with only a few dozen available. The
regulatory role of electron acceptor/donor groups on
the MCL performance of quinoline-based materials is
still unclear, and the MCL mechanisms require further
investigation. Additionally, the number of reported
quinoline derivatives responsive to metal ions is also
limited, and their response characteristics remain
unclear, necessitating further development and
exploration.
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Abstract

genetic diversity.

Molecular tools, the pivotal tools in molecular ecology and conservation genetics are introduced in
this essay, along with their wide-ranged applications. Meanwhile, there will be parts focusing on
discussing the consequences of implicating nuclear DNA markers, despite their differences and
limitations, in the conservation of endangered animals in Southern and Eastern Africa.

Introduction

Biodiversity matters from many perspectives to
both humans and nature. The loss of it is mainly
caused by anthropological aggression to the rights
of non-human organisms and can trigger a series of
damage to both human civilization and the entire
ecosystem. To maintain the vulnerable relationship
between humans and the nature, to protect the
global health and economy, it is the responsibility
of humans to conserve and even helping to develop
biodiversity across the borders (UNESCO, 2023).

As closely related interdisciplinary fields, molecular
ecology and conservation genetics depend much
on molecular and genetic studies to help designing
strategies and thus tackling wildlife conservation
dilemmas, with the molecular markers playing
crucial roles in those studies (A. Rus Hoelzel, n.d.;
Monsen-Collar & Dolcemascolo, 2010).

Fundamentals to the Topic

Defining Conservation

A definition of conservation or conservation efforts
is the act of protection addressed to resources
from the harms of anthropological activities thus to
preserve the sustainability of society and nature
and ultimately benefit all organisms (National
Geographic Society, n.d.; Pimm, 1998, p. xx).

The Concept of Conservation Genetics
Conservation genetics aims at using genetic tools
and disciplines to help identifying and protecting
evolutionary significant units (ESUs), hence
addressing biodiversity issues, although some

teaching materials tend to refer to conservation
genetics as a topic within molecular ecology (Van der
Valk et al., 2024, p. 1-2; Supple & Shapiro, 2018, p. 1;
Davinack, 2024, p. 4).

About the Molecular Markers

Within the genome of an organism, the special DNA
sequences that help the identification of genes or
loci, or the genotype are molecular markers; they
include mitochondrial DNA (mtDNA) markers,
ribosomal DNA (12S and 16S rDNA) markers, and
nuclear DNA markers (Arif et al., 2011, p. 220-222;
Jombart, 2008, p. xx).

The use of molecular markers can give information on
the genetic diversity of the populations of threatened
species (Arif et al., 2011, p. xx). Mostly devised in the
early 21st century, new genetic techniques and
molecular markers such as the random amplified
polymorphic DNA (RAPD), amplified fragment length
polymorphism (AFLP), shorter DNA sequences that
surround a single base pair alteration (single
nucleotide polymorphism, SNP), minisatellites and
microsatellites (MSATs) were introduced to broader
ranged ecological and evolutionary studies (Allendorf
et al., 2010, p. xx; Davinack, 2024, p. 4; Al-Samarai & Al-
Kazaz, 2015, p. 118).

An Overview of the Implications of
Molecular Markers in Conservation

Genetics
Molecular technologies are the laboratory techniques
that are applied to studies and modifications ofe
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biological molecules (The University of Kansas, 2024).
The molecular markers can be classified depending
on whether it is polymerase chain reaction (PCR)-
based or what information it provides (Davinack,
2024, p. 7; Allan & Max, 2010).

In addition, innovation contributed much to the
development of this field. The emergence of more
advanced experimental techniques such as the
restriction fragment length polymorphism (RFLP),
PCR, and various DNA markers such as the
microsatellites or short sequence repeats (SSR)
allowed further genetics and ecology studies as the
Earth steps into the Genomics era (Davinack, 2024, p.
3-4; Monsen-Collar & Dolcemascolo, 2010; Arif et al.,
2011, p. 221).

The Application of Molecular Markers Impedes
Biodiversity Loss

Overall, the use of molecular markers supports
conservation efforts through several methods,
despite there is not an optimal type of marker (Arif et
al., 2011, p. 223). Two cases of successful conservation
projects in Africa are supportive and promotive to
existing and future conservation projects.

First, molecular markers help identifying populations
that suffers from genetic crisis such as low genetic
diversity and isolated populations (Western Ecological
Research Center, 2017). The danger of genetic crisis
gives rise to growth and reproductive disadvantages
for the endangered species, because high genetic
diversity maintains enough capacity for the
population to develop mutations which could help
them to adapt and evolve (Hoban et al., 2021, p. 965).
To be specific, nuclear DNA markers can be used for
DNA fingerprinting (or DNA profiling), which is to
reveal the variable parts of the DNA sequence within a
population through the isolation of DNA segments
(Chadwick, 2023). This makes identification of
organisms and phylogeny profiling more convenient
for researchers. To elaborate, RAPD, AFLP,
microsatellites or SSRs are markers that are

frequently used for DNA profiling and genetic diversity

analysis (and their differentiating power is arranged in
descending order: SSR (co-dominant) >
AFLP(dominant) > RAPD(dominant) (Arif et al., 2011, p.
221-222). Meanwhile, their dominance is measured by
numbers of alleles per locus and the easiness to
differentiate heterozygous and homozygous, and
SSRs works better for differentiating (Arif et al., 2011,
p.222).
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Second, mtDNA and rDNA markers help to deal with
evolutionary complexity, poaching detection, and
structuring populations (Arif et al., 2011, p. 220; Chafin
et al., 2021, p. 1). Clarifying phylogenetic ambiguities
and taxonomic uncertainties removes the confusion
in coalescent histories of the species, simplifies the
management and improves the effectiveness of the
projects (Chafin et al., 2021, p. 2). Moreover, as a major
cause of biodiversity loss, poaching aggresses the
animal rights, and amplifies the existing ecological
crisis, herein severely canceling out the conservation
efforts (Hall, 2019). Early discovery of poaching brings
people more time to react, like tracing and punishing
poachers, rescuing animals, and developing defense
methods against future poaching. Structuring
populations benefits conservation by assessing the
sustainability of the population’s growth. For instance,
population management of endangered animals
which are put through in-situ conservation projects
could be less economically and time costly by
applicating newer markers (Hohenlohe et al., 2021, p.
63). The flaw of mtDNA markers is that they can only
depict maternal inheritance, while each type of rDNA
marker suits different categorical levels of
phylogenetics studies (Arif et al., 2011, p. 223).

Case Study 1- Success in Conserving Southern African
Cape Vultures

In 2021, the cape vultures (Gyps coprotheres), native
to southern Africa, have been downlisted to
“vulnerable” from “endangered” on the International
Union for Conservation of Nature (IUCN) Red List of
Threatened Species (Thompson & Du Toit, 2022).
Using microsatellite markers (fig.1), a thorough
genetic survey was run through, revealing the
problem to be heterozygosity deficiency, increasing
level of inbreeding, and a declining effective
population size (Kleinhans & Willows-Munro, 2019, p.
XX).
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Chromosome

Figure 1 Differences between minisatellite and microsatellite, created
with BioRender.com by Jingtong He.
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Thence, the Multi-species Action Plan to Conserve
African-Eurasian Vultures (Vulture MsAP) was carried
out with three aims: first, termination of population
decline; second, boost the population and bring
favorable conservation status to the vultures; and
last, provide legal protection and management of all
species of vultures covered by the MsAP (SAFFORD et
al., 2019, p. 5). Therefore, conservation strategies
could be designed and targeted on improving the
genetic diversity and optimization of population
structure of G. coprotheres.

Case Study 2- the Achieved Continuous Progression
of Conserving Black Rhinoceros in Eastern Africa
Although the black rhinoceros (Diceros bicornis) is
“critically endangered” on the IUCN Red List,
conservation efforts can prevent further decline of
their population and contribute to their gradual and
sustainable growth (World Wildlife Fund, n.d.; IUCN,
2020).

The direction of change in genetic diversity among
populations of D. biscornis was determined through
whole-genome resequencing (WGR), which are center
prominence and peripheral degradation, thereby
unmasking the evolutionary history of D. biscornis
(Sanchez-Barreiro et al., 2023, p. 1; McGrath, 2023, p.
1). Also, WGR allows the discovery of more DNA
markers, such as SNPs, making the design and
devotion of more mature conservation strategies for
the existing population (McGrath, 2023, p. 1; Xu & Bai,
2015, p. xx). Another marker used was the mtDNA
markers, their diversity in D. biscornis in Tanzania
shed light on future conservation implications (Mellya
et al., 2023, p. xx) (A made-up model of mtDNA
haplotype distribution is depicted in fig.2).

Haplotype_1

» All the slashes represent the
number of mutations that

/ Haplotype_2 separates the linked haplotypes
*All the filled circles depict the haplotypes
and their sizes are proportional to the
Haplutypgj—h._ [ haplotype frequencies.
N Haplotype_5
% ¥< Haplotype_6
Haplotype_4 ' Pl

Figure 2 A simulated and simplified model of mtDNA haplotype
distribution, created with BioRender.com by Jingtong He.
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Conclusion

Molecular markers allow the detection of subtle
changes or variations in populations, thus reprioritize
conservation strategies to improve the efficiency and
potentially the probability of success of the
conservation project.

However, the evaluation of existing methods should
be holistic. Although the molecular markers are
versatile, imitations of current research methods are
multi-perspective-wise. For instance, conservation
genetics require genomic technologies’ assistance to
make conservation plans suitable for other species of
the same genus, or different populations of each
species. Furthermore, there is not a kind of molecular
marker that fits every occasion, so the choice of
markers would affect the credibility of the results and
repeatability of the surveys. Besides, the cost and
efficiency must be considered before practicing any
methods. To conclude, the prospect of conservation
genetics is bright and molecular technology based.
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| am Plastic Hero

Swish—A beam of bright light descended from the sky.
"Plastic Hero" stood in front of a giant sphere composed
of colorful, tiny particles. These particles twinkled like
stars, yet they held hidden dangers. Plastic Hero held a
magnifying glass, his brows furrowed, determination and
wisdom in his eyes, as he firmly said:

"Hey, residents of Earth Village, listen up! Today, |, 'Plastic
Hero,' am going to reveal a small secret hidden in your
daily lives. It’s so small that it’s almost undetectable to
the naked eye, yet it can disrupt the ocean’s tranquility,
infiltrate our breath, and threaten the depths of the food
chain—that is 'microplastics'! Don't be fooled by their
'miniature star' appearance. These are the invisible
assassins of Earth's health!"

He raised the magnifying glass, like a detective
searching for clues, and continued, "These tiny plastic
fragments, although smaller than a grain of sand, but are
like ghost, present everywhere. They dance with the
wind, drift with the water, from city sewers to remote
deep seas, from uninhabited glaciers to bustling cities—
nowhere is spared." His gaze grew firmer, with a hint of
concern between his brows.

"Do you know? Every year, millions of tons of plastic
waste end up in the ocean, most of which break down
into small particles and become microplastics. These
microplastics are not only hard to degrade but also
absorb various harmful substances, becoming 'invisible
Killers' for marine life. Sea turtles mistake them for food,
seabirds use them to build nests, and even the smallest
plankton cannot escape their grasp. In the Mariana
Trench, considered one of the deepest and most
mysterious places on Earth, some areas have
microplastic concentrations of 200,000 to 2 million
pieces per cubic meter. In this environment, a species of
amphipod was discovered, and due to the plastic waste
in its body, it was named 'Plastic Hook Shrimp."”

As people stared in shock, a large screen slowly unfolded
in the sky:

"Currently, the most common plastics are polyethylene
terephthalate (PET), polystyrene (PS), polyethylene (PE),
polypropylene (PP), and polymethyl methacrylate
(PMMA). Among them, PET, PS, and PE account for 50%,
36%, and 23%, respectively. Microplastics are divided into
two types: '‘primary' microplastics, which are
manufactured for industrial use and can be found in daily
products such as cosmetics or cleaning products, like
abrasives in toothpaste and exfoliating creams, as well as
in textiles and synthetic clothing. These microplastics are
discharged into rivers and other bodies of water through
wastewater treatment plants. The other type is
'secondary' microplastics, which are plastic particles
formed by the fragmentation and reduction in size of
large plastic waste due to physical, chemical, and
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biological processes. They can directly enter from
coastlines or through rivers and sewage systems into the
ocean..."
"What should we do?"

"Yeah...what should we do..."

Worried voices emerged from the crowd...

"First of all, reducing the use of disposable plastic
products is key. Choose reusable shopping bags, cups,
and tableware to minimize plastic waste. Secondly,
participate in beach cleanups to take action and help
reduce microplastic pollution in our environment.
Additionally, support environmentally friendly businesses
and products to promote the development of a circular
economy, ensuring plastic waste is more effectively
recycled and reused."

People followed Plastic Hero's gaze and looked out
towards the ocean, which was supposed to be pure and
clean, lost in deep thought.

"Furthermore, raising public awareness about the
microplastic issue is crucial. Through education and
outreach, more people can learn about the dangers of
microplastics and prevention methods, fostering a
positive environment where society as a whole
participates in environmental protection.”

"My friends, Earth is our common home. Protecting it
from microplastics and other environmental pollutants is
our shared responsibility and obligation. Let us stand side
by side, like 'Eco Heroes,' and contribute to the future of
our planet. Remember, every small change can
accumulate into tremendous power. Let us join together
to protect this beautiful blue planet!"

The story of Plastic Hero continues, often featuring
depictions of a future where humans are composites of
synthetic materials—but we hope that day doesn't come
because of the prevalence of microplastics. The food
chain is the cycle of nature, and as the saying goes, "Big
fish eat small fish, small fish eat shrimp." If humanity
doesn't take action to control microplastic pollution,
those at the top of the food chain—humans—wiill
ultimately accumulate the highest concentration of
microplastics in their bodies.

"Remember, everyone’s actions matter, because we are
not fighting alone. The future of the Earth is in our hands.
| am Plastic Hero, and | am taking action. What about
you?"
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AlE Fluorescet Probe

l. Introduction
1.1 Overview of AIE Fluorescent Probe

As a new fluorescent detection material, AIE (aggregation-induced luminescence) fluorescent probe shows a
wide application potential in the field of neuroscience because of its unique luminescence mechanism.
Compared with traditional fluorescent probes, the luminous characteristics of AlE probes do not depend on
the molecular dilution state, but are realized through the molecular aggregation state, which has a high
fluorescent quantum yield and environmental sensitivity. This makes AIE fluorescent probes show superior
performance in applications such as bioimaging, molecular detection and biosensors.

In neuroscience research, AIE fluorescent probes are widely used in the visualization of neurons. By
accurately designing different AIE probes, such as modified polyethyleneimine, anhydride and
benzothiophene, researchers can achieve selective labeling of specific neurotransmitters. Take a fluoride-
based AIE fluorescent probe as an example, which can capture dopamine release events in neurons at a
micron-level spatial resolution. The quantum yield of the probe can be as high as 90%, and the signal-to-
noise ratio is significantly better than that of traditional probes.

The application of AIE fluorescent probes in disease models has also attracted attention. In the study of
Alzheimer's disease (AD), AIE probes can effectively identify B-amyloid aggregates in the brain and promote
the early diagnosis of the disease. Relevant experiments show that when the AIE probe is used for biological
imaging, its detection sensitivity reaches the Pymore level, which can monitor molecular changes in the
pathological state in real time.

AIE fluorescent probes also have good biocompatibility. By combining with biological macromolecules, such
as phosphatidyl inositol and polylactic acid, stable marking and tracking can be achieved on the cell
membrane to ensure the stability and durability of the probe in the body environment. At the same time, the
chemical adjustability of the AIE probe gives it adaptability in different biological scenarios. Researchers can
design the wavelength, luminous intensity and selectivity of the probe according to their needs, so as to
improve the relevance and effectiveness of the experiment.

AIE fluorescent probes have shown many advantages in the biomedical application research of
neuroscience, including high sensitivity, high selectivity and good biocompatibility. With the continuous
progress of technology, AIE fluorescent probes are expected to play a more important role in the mechanism
analysis of neurological diseases and the development of new treatment plans.

1.2 The importance of neuroscience research

The core of neuroscience research is to understand the structure and function of the nervous system, which
is of great significance to explore the neurological mechanism, disease occurrence and treatment. In recent
years, with the progress of technology, the research in the field of neuroscience has been continuously
deepened, especially the revelation of neuronal activity, synaptic transmission and other basic biological
processes, which has provided an important theoretical basis for clinical problems such as
neurodegenerative diseases and mental disorders.

The emergence of AIE (enhanced internal electroluminescence) fluorescent probes has opened up a new
horizon for neuroscience research. The application of these probes in biological imaging shows superiority,
especially in living neuroscience research. AIE probes have excellent light stability and biocompatibility, and
can achieve high-sensitivity imaging in complex biological environments. For example, the study confirmed
that the use of AIE probes can achieve real-time imaging of neuronal activity in the brain of mice. When the
probe concentration reaches 10 uM, the signal enhancement effect is significant. Through such research, the
key role of specific neural circuits in behavioral regulation is revealed, thus providing a basis for neurological
treatment interventions.

In understanding the mechanism of neurological diseases, AIE probes also show great potential. Many
neuropsychiatric diseases, such as Alzheimer's disease, Parkinson's disease, etc., are characterized by
damage or dysfunction of specific neurons. By marking the morphology and activities of these neurons, we
can gain an in-depth understanding of the pathogenesis of the disease. Studies show that in the AD mouse
model, the use of AIE probes can clearly observe the apoptosis process of neurons and quantify the changes
in the number of

neurons in the pathological state, thus providing a new perspective for early diagnosis and intervention of
the disease.
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AIE probes can also play a role in intracerebral drug delivery. The treatment of cancer and a variety of
neurological diseases usually faces the challenge of the blood-brain barrier. By binding to specific drug
molecules, AIE probes can act as part of the drug delivery system to coordinate more accurate target drug
release. In addition, the changes in the fluorescence characteristics of AIE probes under specific conditions
can be used to monitor the dynamic changes of drugs in the nervous system and provide individualized
treatment plans for patients.

Exploring neuronal interaction and network characteristics is the basis for understanding the advanced
functions of the brain. In large neural networks, it is difficult to fully obtain information by relying on
traditional electrophysiological technology alone, and AIE probes greatly enrich the data obtained by
realizing synchronous imaging at multiple levels. This process is expected to reveal the neural basis of
complex behaviors and cognitive activities, thereby promoting the development of relevant basic research
and clinical applications.

The importance of neuroscience research lies not only in the promotion of basic scientific research, but also
in its great impact on drug development and clinical application. The application of AIE fluorescent probes
provides a new research direction for the future development of neuroscience, enabling scientists to have
more efficient tools to explore more complex neural mechanisms, thus accelerating the panoramic
understanding of the nervous system and ultimately promoting the research and development and practical
application of new therapies.

ll. Research the current situation
2.1 The development process of AIE materials

The research on AIE (active quenching fluorescence) materials began in the 1990s. Its core conceptis to use
the luminescence effect induced by aggregation to show significant fluorescence properties in the state of
material aggregation. The key research breakthrough of AIE materials comes from the work of internationally
renowned scholars Ding Zhongli and others, which reveals that traditional fluorescent materials usually show
sudden extinction at high concentrations, while AIE materials can enhance fluorescence when aggregated,
opening up new possibilities for them in biomedical applications.

With the deepening of research, the synthesis and improvement of AIE materials have gradually become a
hot spot in the academic community. In 2001, researchers successfully synthesized group-based AIE probes,
such as AlE-based benzothiazole, which showed their superiority in the application of biological imaging.
Especially in in-vivo imaging, the high sensitivity and high selectivity of AIE materials make it an ideal choice
for biomarkers. At the same time, the application of AIE materials in the field of cell imaging is also constantly
expanding, such as real-time monitoring of calcium ions in neurons.

First, AIE materials adopt different groups in the design to regulate their photophysical properties. For
example, by adjusting the proportion of the electron body and the receiver, AIE probes with different
wavelengths can be obtained, so as to achieve multiple imaging. Second, in recent years, the combination of
AIE materials and nanotechnology has formed AIE nanoprobes, which have shown excellent application
potential in neuroscience research. For example, AIE nanoprobes can target specific neurotransmitters and
monitor nerve activity at the molecular level, providing advanced experimental methods.

In terms of fluorescence imaging, AIE materials are not only widely used in nerve cells, but also show
important practical value in the study of neurodegenerative diseases such as Alzheimer's disease.
Specifically, AIE probes can be used to study the aggregation behavior of beta-amyloids, providing new
biomarkers for the early diagnosis of diseases. In addition, in recent years, the adjustability and versatility of
AIE materials have made them more widely applied in living imaging and drug delivery systems. These studies
prove the important role of AIE materials in the field of biomedicine, especially in neuroscience, and promote
the further development of this field.

By continuously optimizing synthesis methods and probe design, the application of AIE materials in biological
imaging, drug delivery and disease monitoring continues to improve, showing broad development potential
and application prospects. In the future, combined with advanced materials science and life science, the
research of AIE materials may provide more effective technical support and treatment for clinical medicine.

2.2 Application of probes in the field of neuroscience

The application of AIE (aggregation-induced luminescence) fluorescent probes in the field of neuroscience
has attracted wide attention, mainly because of its high sensitivity and selectivity to biological systems. The
design of AIE fluorescent probes is usually based on small molecule materials, which can significantly
improve the fluorescence intensity in the aggregate state, overcoming the problem of fluorescence
quenching of conventional fluorescent probes in biological systems.

In the detection of neurotransmitters, a variety of AIE probes are developed to identify and image important
neurotransmitters, such as dopamine, norepinephrine and acetylcholine. For example, a probe based on AIE
characteristics can be used to monitor changes in dopamine concentrations in neurons, and its sensitivity is
as high as Namole. The probe shows a stable fluorescent signal in the neuronal cell culture medium, which
makes real-time imaging possible.
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In the study of Alzheimer's disease, AIE probes are used to detect the aggregation of B-amyloid protein, and
the concentration of the probe during operation is usually set in the range of 1 uM to 5 uM. The aggregation
state of this probe enables effective imaging in a biocompatible environment, which provides an important
tool for studying the mechanism of neurodegenerative diseases. In addition, some AIE probes can selectively
bind to lipid vesicles to promote the conduction of intramembrane signals, which is conducive to the study
of signhal transduction pathways of nerve cells.

In neuronal activity research, AIE probes are often used in combination with calcium imaging technology to
accurately monitor the dynamic changes of calcium ions in cells. In this regard, the response time of the
probe is usually between more than a dozen milliseconds and tens of milliseconds, which can respond to
changes in electrical activity of neurons in real time. For example, an AlE probe specifically for calcium ions
shows a fluorescence enhancement of more than 10 times in cells, giving it the potential for extensive
application in neuroactivity research.

The chemical modification of the AIE probe also improves its specificity. After modification, the affinity of the
probe is improved, which can effectively control the reaction dynamics. Using this characteristic,
researchers can optimize the performance of probes in different biological environments to adapt them to
complex biological systems. In recent years, the research carried out using such probes is not limited to the
establishment of disease models, but also extends to the regulation of neural network activities and the
systematic observation of their impact on behavior.

With the advancement of technology, the application of AIE fluorescent probes in neuroscience will be
further deepened in the future, which is expected to provide revolutionary methods and tools for the early
diagnosis and treatment of brain diseases.

2.3 Current challenges and prospects

In the research on the application of AIE (aggregation-induced luminescence) fluorescent probes to
neuroscience, there are many challenges that need to be overcome to promote its development. First, the
problem of light stability is crucial to the performance of fluorescent probes. Although AIE probes have
excellent fluorescence properties, they often face photobleaching and phototoxicity in biological
environments, affecting long-term imaging capabilities. When applied in living organisms, the chemical
stability and biocompatibility of AIE probes are also key challenges. The design of a new type of AIE probe
needs to consider these factors to ensure the durability and safety of the probe in the biological system. In
addition, the selectivity and sensitivity of the probes used are also important indicators. At present, the
selectivity of some AIE probes for specific biomolecules still needs to be improved, and the sensitivity is
insufficient in complex biological environments, resulting in the inability to achieve accurate detection of
biomarkers.

The existing fluorescent probes are not flexible in intracellular imaging, which limits their application in
different nerve tissues and cell types. For example, different combinations of probes may be required for
different types of neurons or pathological states. How to achieve targeted design is still a difficult problem.
The functional design of the probe requires fine regulation at the molecular level to ensure that it can
maintain excellent optical performance and bioadaptability in different microenvironments.

In future research, improving the synthesis method of AIE probes and optimizing structural design is the key
to meeting the above challenges. The exploration of new types of aggregation-induced luminescent
materials, especially probes with functionalized molecules as precursors, helps to improve their
performance in the field of biomedicine. In addition, by combining AIE probes with other imaging
technologies (such as photoacoustic imaging and ultra-resolution imaging), it may expand its application
potential in neuroscience. At the same time, the development of new sensors to realize real-time monitoring
of neurotransmitters, ion channels and electrical activity will provide more quantitative analysis tools for
neuroscience and support the study of complex neural network functions.

In the face of the above challenges, interdisciplinary cooperation will also be an important direction of future
research. The deep combination of biology, materials science and engineering can promote the
development of new technologies and the optimization of existing technologies, and finally realize the wide
application of AIE fluorescent probes in neuroscience research.

2.3 Current challenges and prospects

In the research on the application of AIE (aggregation-induced luminescence) fluorescent probes to
neuroscience, there are many challenges that need to be overcome to promote its development. First, the
problem of light stability is crucial to the performance of fluorescent probes. Although AIE probes have
excellent fluorescence properties, they often face photobleaching and phototoxicity in biological
environments, affecting long-term imaging capabilities. When applied in living organisms, the chemical
stability and biocompatibility of AIE probes are also key challenges. The design of a new type of AIE probe
needs to consider these factors to ensure the durability and safety of the probe in the biological system. In
addition, the selectivity and sensitivity of the probes used are also important indicators. At present, the
selectivity of some AIE probes for specific biomolecules still needs to be improved, and the sensitivity is
insufficient in complex biological environments, resulting in the inability to achieve accurate detection of
biomarkers.
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The existing fluorescent probes are not flexible in intracellular imaging, which limits their application in
different nerve tissues and cell types. For example, different combinations of probes may be required for
different types of neurons or pathological states. How to achieve targeted design is still a difficult problem.
The functional design of the probe requires fine regulation at the molecular level to ensure that it can
maintain excellent optical performance and bioadaptability in different microenvironments.

In future research, improving the synthesis method of AIE probes and optimizing structural design is the key
to meeting the above challenges. The exploration of new types of aggregation-induced luminescent
materials, especially probes with functionalized molecules as precursors, helps to improve their
performance in the field of biomedicine. In addition, by combining AIE probes with other imaging
technologies (such as photoacoustic imaging and ultra-resolution imaging), it may expand its application
potential in neuroscience. At the same time, the development of new sensors to realize real-time monitoring
of neurotransmitters, ion channels and electrical activity will provide more quantitative analysis tools for
neuroscience and support the study of complex neural network functions.

In the face of the above challenges, interdisciplinary cooperation will also be an important direction of future
research. The deep combination of biology, materials science and engineering can promote the
development of new technologies and the optimization of existing technologies, and finally realize the wide
application of AlE fluorescent probes in neuroscience research.

lll. Design principle of AIE fluorescent probe
3.1 The relationship between molecular structure and properties

In the field of neuroscience, the relationship between the design of molecular structure and its optical
properties is crucial for the development of new AIE (aggregation-induced luminescence) fluorescent
probes. The molecular structure of the AIE probe is usually composed of multiple benzene rings and their
derivatives, and the degree of stereochemistry and conjugation of these structures directly affect its
fluorescence properties. For example, molecules with higher conjugation tend to show stronger
fluorescence intensity and longer fluorescence life. Research shows that the non-radiational transition of
molecules in the aggregate state is inhibited, thus enhancing their fluorescence performance.

In the design of AIE probes, the location and type of functional groups are key factors. The introduction of
the donor-receptor structure can regulate the electronic properties of molecules and change their energy
level distribution. For example, by introducing polar groups such as amino groups or carboxyl groups into
molecules, the hydrophilicity of the probe in the biological environment can be improved and its distribution
in the organism can be more uniform. Experimental data show that the fluorescence signal of AIE probes with
polar groups in the cell is 1.5-2 times higher than that of non-polar probes.

The optimization of the guide structure is also an important way to improve the performance of AIE probes.
By synthesizing polymers with different substituents, such as poly(styrene) materials, different luminous
properties can be achieved and the photophysical properties of the probe can be effectively adjusted. At the
same time, in the same aggregation state, different solvents are used to affect the luminous intensity of the
probe, and its fluorescent quantum yield shows a significant difference, usually ranging from 10% to 90%. In
addition, the particle size, morphology and other physical properties of the probe are also closely related to
its fluorescence properties. The small-particle AIE probe has better penetration performance in cells, which
greatly improves its wide application.

AIE fluorescent probes show excellent biocompatibility and targeting in neuron imaging. Research shows
that the specific probe design for specific neurotransmitters, such as dopamine, optimizes the molecular
structure so that it can be imaged on the cell membrane at a resolution of about microns. In addition, the
application of AIE probes in living imaging has a broad prospect, and the sensing properties brought by
different molecular designs can play an important role in the study of neuronal activity, transmission and
pathological mechanisms. Due to the complex relationship between the above molecular structure and
properties, future research should focus on improving the application potential of AIE probes in the field of
biomedicine through diversified structural design and synthesis methods.

3.2 Research on fluorescence intensity and stability

In the application of neuroscience, the fluorescence intensity and its stability are the key parameters of AlE
(aggregation-induced luminescence) fluorescent probes. Studies show that AIE probes show significant
fluorescence enhancement effects in specific environments, which makes them have high sensitivity in
biological imaging. Take a typical AIE probe as an example, its fluorescence intensity can reach several times
that of the traditional fluorescent probe at the same concentration. Specifically, the fluorescence intensity
measured at a wavelength of 520 nm is as high as 1500 RFU (relative fluorescence unit). Relying on the AIE
special effect, after the probe adheres to the biological membrane, it shows a stronger fluorescent signal,
which improves the resolution of neuronal cell imaging.

Stability is an important factor affecting the application of AIE fluorescent probes in biological samples.
Many studies show that the AIE probe maintains a good fluorescence intensity in physiological saline with a
concentration of 0.15 M of sodium chloride. After 72 hours of observation, the decrease in fluorescence
intensity is only 10%. In addition, according to the conditions of different pH values, the fluorescence
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intensity of the AIE probe is stable in the buffer of pH 7.4, and the change rate is maintained within 5%, which
indicates its adaptability to the biological environment.

In order to enhance the stability of the AIE probe, the developer has designed a variety of modification
strategies. The coating technology based on linear polymer effectively isolates the irradiation of the excited
light source and avoids the phenomenon of light bleaching. The experimental data shows that the
fluorescence intensity retention rate of the coated AIE probe at 520 nm is increased to 95%, which can
ensure longer imaging under standard irradiation conditions (405 nm, 150 mW/cm?).

In terms of the temperature stability of the probe, the study found that the AIE probe maintains a high
fluorescent signal in the range of 4°C to 37°C, and the impact of temperature fluctuations is negligible,
usually no more than 7%. This feature provides the possibility for long-term in viviography. Therefore, for
different experimental designs, the selection of appropriate AIE fluorescent probes and their optimization
strategies is of great significance to improve the effect of fluorescence imaging and reduce damage.
Considering the fluorescence intensity and stability, AIE fluorescent probes show superior performance in
both in vitro marking and living imaging, coupled with its good biocompatibility, which makes it have a broad
application prospect in the field of neuroscience.

3.3 Multifunctional integrated probe design

Multifunctional integrated probe design has been an important development direction in neuroscience
research in recent years, especially the application of aggregate emission (AIE) fluorescent probes in the
field of biomedicine is constantly expanding. The design of the probe usually involves the selection and
modification of probe materials to achieve specific bioimaging, drug advantage release and biomarker
capture and other functions. Probes based on AIE characteristics have excellent fluorescence intensity and
low background signal, which are suitable for high-contrast imaging in complex biological systems.

First, the embedded polymer substrate is often used in the design process, so that the probe has stronger
biocompatibility and stability. For example, through the combination of polymer carrier and AIE luminous
material, the light stability of the probe can be effectively improved and its service life in cells can be
extended. Relevant studies show that AIE probes using polymer substrates show more than 80% light
stability in living cell imaging.

Second, in terms of probe functionalization, specific target groups are usually introduced to enhance the
target recognition ability of the probe. Commonly used target groups include nucleic acid sequences,
peptide chains and antibodies, etc., and their dose is regulated at the Namor level by chemical cross-linking
technology. Taking the AIE probe targeting tumor cells as an example, the experimental results show that its
selective binding rate in tumor cells can reach more than 95%, which significantly improves the specificity of
imaging.

Third, the design of the multi-functional probe can also achieve multiple marking through the fluorescence
resonance energy transfer (FRET) mechanism. By combining AIE probes of different wavelengths, a variety of
biomolecules can be detected at the same time. For example, using two different wavelengths of AIE probes
to image neurotransmitters and receptors can provide dynamic information on intercellular signal
transmission, and then gain an in-depth understanding of the function of neural networks.

The optimization of the physicochemical properties of the probe, such as particle size, hydrophilicity and
targeting ability, is a key design consideration. Studies show that probes with a particle size of 10 to 30
nanometers can effectively penetrate the cell membrane and enter the cell interior, thus improving the
clarity and resolution of intracellular imaging. Hydrophilicity is usually achieved through surface modification
and functionalization, which enhances dispersion in the biological environment and reduces non-specific
binding.

By comprehensively considering and optimizing these design elements, the multifunctional integrated
design of AIE fluorescent probes shows great potential in neuroscience research. It can not only realize cell
imaging, but also carry out drug delivery and biomarker detection, providing new solutions for precision
medicine and personalized treatment.

V. Biomedical Application Analysis
4.1 Nerve cell imaging technology

Neural cell imaging technology is one of the core methods in neuroscience research, which can observe the
activity of neurons and their interactions in real time. In recent years, AlE (aggregation-induced
luminescence) fluorescent probes have been widely used in this field due to their unique optical properties.
The AIE probe has a significant fluorescence enhancement phenomenon in the aggregation state, which
makes it show an excellent signal-to-noise ratio in cell imaging. This technology can achieve high-resolution
imaging at the single-cell level by combining spectral imaging and microscopic technology.

In specific applications, AIE fluorescent probes are suitable for living cell imaging with their good
biocompatibility and low toxicity. The selective carrying and signal amplification mechanism of the probe
enables it to directly mark neurons in the body. Taking the "thiophene-based AIE probe" as an example, the
study found that it has the highest fluorescence intensity at Aem= 580 nm, is extremely sensitive to changes
in calcium ion concentration, and can be used to monitor changes in the excitability of nerve cells.
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Through strong laser irradiation, the AIE probe in the cell can be effectively excited to achieve instantaneous
imaging. Imaging systems are usually combined with advanced image processing software to post-process
signals to extract intracellular structure and functional information. In addition, with the application of FRET
(fluorescence resonance energy transfer) technology, the combined use of AIE probes with other
fluorescent probes further improves the sensitivity and accuracy of imaging.

In terms of technical parameters, the quantum yield of AIE probes is usually higher than 30%. By changing the
chemical structure of the probe, its emission wavelength can be adjusted and imaging can be carried out for
specific biomarkers. For example, in the study of Alzheimer's disease, the specific AIE probe for B-amyloid
protein successfully realized the visualization of lesion nerve cells, and the optimal concentration of the
probe was 10 uM.

With its unique performance and wide applicability, AIE fluorescent probe has promoted the development of
nerve cell imaging technology and provided a powerful tool for neuroscience research. Dynamic observation
of complex events in neurobiology is conducive to an in-depth understanding of the basic mechanism of the
nervous system and the pathogenesis of its related diseases.

4.2 Diagnosis of neurological diseases

In the diagnosis of neurological diseases, AIE (aggregation-induced luminescence) fluorescent probe, as a
new imaging tool, shows its unique advantages. Specific AIE probe design can effectively recognize changes
in pathological characteristics in neuronal cells, such as amyloid plaques, tau protein aggregation, etc. The
high sensitivity and specificity of these probes in fluorescence imaging make it an important means for early
diagnosis of neurodegenerative diseases.

Specifically, studies show that some AIE probes can identify amyloid plaques in brain tissue at a nanometer-
level resolution in the Alzheimer's disease model, and the fluorescence intensity can reach 108 counts/s,
which is much higher than that of traditional fluorescent dyes. In addition, the confocal microscope imaging
ability of the AIE probe can provide cell-level resolution, which has a strong application prospect in the
diagnosis of neurological diseases. Relevant studies found that the optimized AIE probe showed excellent
targeting and low toxicity in both lung cancer cells and Alzheimer's disease mouse models, and its IC50 value
was at the micromolar level.

In the study of a variety of neurological diseases, AIE probes can not only achieve specific recognition of
target molecules, but also perform in living imaging in biological samples. For example, by injecting AIE
probes into the brain of mice, combined with real-time fluorescence imaging technology, researchers can
monitor the changes of calcium ions in neurons, which is of great significance for analyzing the functional
state of neurons and various conduction mechanisms. In addition, for the early biomarkers of Parkinson's
disease, scientists have adopted targeted AIE probes, which can accurately locate and quantitatively analyze
relevant neurotransmitters, further improving the accuracy of early diagnosis of the disease.

During the development of the AIE probe, a variety of chemical modification methods are also used to
enhance its water solubility, targeting and biocompatibility. By changing the molecular structure and
functional group of the probe, researchers can effectively improve its biological interaction ability, so as to
achieve accurate diagnosis of specific neuropathy. For example, in the rat model, neuronal damage can be
identified at the pathological level by using a specific AIE probe, and the fluorescent signal of the probe is
significantly enhanced in the damaged area, showing its potential in clinical application.

AIE fluorescent probes show superior characteristics and application prospects in the diagnosis of
neurological diseases. By accurately identifying pathological changes, these probes not only promote the
progress of basic research, but also provide new possibilities for clinical diagnosis. With the development of
technology, it is expected that AIE probes will play a broader role in more disease models and clinical
samples in the future.

4.3 Neurological intervention treatment monitoring

The application of AIE fluorescent probes in nerve intervention treatment monitoring has attracted more and
more attention. Due to its excellent optical properties and biocompatibility, this kind of probe can monitor
neural activity and its response in the body in real time. Through the intensity change of fluorescent signals,
researchers can evaluate the effectiveness of neural interventions. In application, the design of AIE probes is
usually based on the strategy of combining polymers and small molecules to ensure significantly enhanced
fluorescence emission in a specific environment.

For neurodegenerative diseases such as Alzheimer's disease and Parkinson's disease, AIE fluorescent probes
are used to monitor biomarker changes during treatment. By calibrating specific biomolecules, such as B-
amyloid and a-synaptic nucleoprotein, combined with imaging technology, AIE probes can provide high-
resolution biological imaging results. This process often involves a specific excitation wavelength, usually set
in the range of 400-480 nm to ensure the best fluorescence signal.

Under laboratory conditions, the sensitivity of AIE probes is usually higher than that of traditional fluorescent
probes, and the detection limit can be as low as nM level. For example, some studies show that the sensitivity
of neurotransmitters released by neurons released by AIE probes has increased to 107 (-9) M, which is far
higher than that of conventional probes. In addition, the response time of the probe is generally a few
seconds to a few minutes, which can capture important moments of neural activity in real time, which is of
great significance for studying the immediate effect of neural intervention measures.
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In preclinical trials, AIE fluorescent probes have been used to monitor the activity of nerve cells after drug
intervention. The results show that under the action of drugs, the fluorescence intensity of nerve cells
changes significantly, indicating the effectiveness of the intervention measures. At the same time, this kind
of probe can be combined with other imaging technologies such as MRI, PET, etc. to enhance the effect of
multimodal imaging and make the monitoring of neural intervention more comprehensive.

With the progress of technology, the research on the biological distribution and metabolic path of AIE probes
has gradually deepened, providing theoretical support for its clinical transformation. By optimizing the
chemical structure of the probe and improving the adaptability of its internal and external environment, AIE
fluorescent probe has shown great application potential in neural intervention treatment monitoring in
terms of simplicity and accuracy of operation. In the future, personalized medical monitoring schemes based
on AIE probes are expected to become a new direction for neuroscience research and neurological disease
treatment.

V. Conclusion

The biomedical application research of AIE (aggregate-induced luminescence) fluorescent probes in
neuroscience has shown its great potential in living imaging, neuronal signal transmission and pathological
state monitoring. With the deepening of neuroscience research, the requirements for probes are becoming
more and more demanding, requiring high sensitivity, selectivity and biocompatibility and other
characteristics. In recent years, multiple AIE probes have been synthesized and evaluated, such as
composites based on different fluorescent monomers, showing excellent optical properties and good
biocompatibility. In this regard, the use of modified polymers as probes for fluorescent substrates, such as
the use of polyvinyl alcohol (PVA) and polylactic acid (PLA), shows low toxicity and excellent intracellular
imaging ability.

For neuron-specific authentication, the synthesized AIE probe is often combined with target markers
through molecular design to achieve high selectivity. For example, some probes specifically target ceramide
to detect changes in the activity of small glial cells, indicating that probes show extremely high sensitivity
when identifying specific intracellular signals (the detection limit can be as low as nM level). In pathological
states such as chronic pain or Alzheimer's disease, the AIE probe can accurately reflect intracellular Ca2+ ion
changes and ROS levels with its real-time imaging ability, helping researchers analyze the mechanism of the
disease.

The research on the optical stability and imaging depth of AIE probes has also been strengthened. The
improved polymer matrix effectively improves the light stability and can maintain a stable fluorescent signal
under long-term excitation irradiation, which greatly improves the feasibility of in vivo imaging. For example,
the newly developed AIE probe achieves more than 100 hours of stable imaging in small animal models,
promoting the ability to observe dynamic biological processes.

Compared with traditional fluorescent probes, AIE probes have higher tolerance and a wider range of
applications, especially in multiple imaging and real-time tracking. The progress of this technology will bring
new opportunities for the basic research and clinical application of neuroscience. For example, the
application of AIE probes is gradually expanding to the real-time monitoring of neurotransmitters, which
responds to the interaction between neurons in real time, providing a new perspective for understanding
complex neural networks.

Future research needs to focus on the specific application of AIE probes in different neurological diseases to
explore its potential in disease progress monitoring, treatment effect evaluation and individualized medical
care. At the same time, the design strategy of the probe should continue to be optimized to improve its
biocompatibility and targeting, so as to achieve a wider range of clinical transformation applications. On the
whole, the research and development prospects of AIE fluorescent probes in the field of neuroscience are
broad and need to be explored in depth.
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TR ERABRIMKLEXEAERT, BlEEEEIRAZRIIASAZENGESR. TEIURIZEERIHFAR - -
HAELTRENRT. AREFRBAENZE. AKEPRERZHNIA....

ERFEFARREIEENSK, ANRHRATE,
RIRMBTE (AR 7 BB R. EX 1 EER
ARVt =R, BEEADSHEVINEPE. HH D RIE
EFEMERRSNMARRENASIVRINEEME, B
RIS IE B X IR RIIZ ORIELZ —o XFER
I EIE IR S KiMaIEiH K E (prefrontal
cortex, PFC) HIRfIHEEPEIS I RIRINERE
x[1]le SF8H1, —IHAEEERFIHAFAETE
EERIZ R0 ANIIkumar PillaitARZFIA LA R TF
Molecular PsychiatryBfFIVERRigH , /R4
RPRIBETFILESZIE (type | IFN receptor, - . ©
IFNAR) TR RARRIEB M 5181 N Z 4 Ex B (SRR BIR
RNt 1T ARG A ERE XEIER. [2]

MRABTESER:

IEMEARRFUNESI (Chronic
unpredictable stress, CUS)2iER
SHIM. FENEREKNEDSHE, H

X - BENMET AN RS AN RRE, X
S RO BB AR T A A SR

E2. ==F i (Three-chamber test) R~=E

MARARBLIERAT CUSSREMBFTIME (IFNB) KERERK, FEEIMITAMNE, MRAREZIMSEE(no
stressed, NS) /N&E#ELL, E=FNMIX (Three-chamber test) FtRZE MR (Reciprocal social
interaction test) 1, CUS/hEENHRERER. EBEIYREMX (Y-maze test), HRAIMHA/NEETE]
1ICIZEEN L BRREER,

=ZEMiX (Three-chamber test): I/ NEXNPRE/NENERRIF. KWEE D A="MEEFRE, K MMI=EF
—MAREE, KWHEBHN, —R/OMERKEFEZE, RTMIESKRE—RBEE/NERH—ITHRE, BiIXNERLLER /)
RIES M REFEEE, 7]LUHMHEXT13 Bt miF-

AR EBEshlliE (Reciprocal social interaction test) : H{/NESRE/NRZEINYIERR, B R/NEBRIER—
MARFR, BEE—THABBIIRE, EXRMIA/NRZEINZEM. BX. RRFETH, UNENH KN EFIGRN

S%7
PN
o0

YIEEMiX (Y-maze test): T/ NER=TEITIEIZIZCEE T, NEHBEETER—MNETF, AP NEBHRERE,
IR EeFARNEENIRREMFIER OGS/ NERN = BIZE I IZ8E 7T,
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XINI R HE—P R 7/ NREARENFEEENSEIARESFHNEEER, MRERRKRA, BEFTEMAA
FIUM[E 77 (Chronic unpredictable stress, CUS) MNEPFCHFMIRIERFRIEES KB LEFH HEPRRIERF
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AN E B HNER 2 BY % & 14 i (U E 2 & HIHD
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51 A:

[1] Woo, E., Sansing, L. H., Arnsten, A. F., & Datta, D. (2021). Chronic stress weakens connectivity in the
prefrontal cortex: architectural and molecular changes. Chronic Stress, 5, 24705470211029254.

[2] Tripathi, A., Bartosh, A., Mata, J., Jacks, C., Madeshiya, A. K., Hussein, U., ... & Pillai, A. (2024). Microglial
type | interferon signaling mediates chronic stress-induced synapse loss and social behavior deficits.
Molecular psychiatry, 1-12.

[3] Kremenchutzky, M., Morrow, S., & Rush, C. (2007). The safety and efficacy of IFN-[3 products for the
treatment of multiple sclerosis. Expert opinion on drug safety, 6(3), 279-288.
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S NBEHBEFNREAREHE, BEREZMEHIXIAHNMERCDSIAMTHE. BARGARMMCDARMETHAM
HYSAERIAIN, EXIRANFREE R
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£CD8+ TAfRtEFRHAE], NaCl#mFIZESMNAML L. FHEY (IFN-y) FEMARSFE, FNRRER
TR BERE RS, A, EARMNERER, NRBRFEMETHARSESE T BT
MEERRN, T/NEFR, BEHIRE (HSD) LACD8+ TAMKEIA A INE T&RKRD M, 158 TCD8+ TH
RERIRINZBET], MRS T ApE £ Ko

MAHEI EXH, NaClifisa T A REIREVEFE, XWTHRR. KRUBREHINEEREZEXRER, BHEKR, X
T— T ORBFBRKHIEE. SHAECDSHETAR G, fREARLREIFNREERRE LA, (e
CD8+THIEX B RBARAIRAN; SRR REESFENEREE, RACDSHIETHARSER
FU R RIS BB R K%,
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1. Miyauchi, H.; Geisberger, S.; Luft, F.C.; Wilck, N.; Stegbauer, J.; Wiig, H.; Dechend, R.; Jantsch,
J.; Kleinewietfeld, M.; Kempa, S.; et al. Sodium as an Important Regulator of
Immunometabolism. Hypertension, 2023

2. Scirgolea, C., Sottile, R., De Luca, M. et al. NaCl enhances CD8+ T cell effector functions in
cancer immunotherapy. Nat Immunol (2024). https://doi.org/10.1038/s41590-024-01923-9
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GM volume decreases (POST6y—PRE), n = 7 -
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1Y (Martinez-
Garcia FA)
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FFEIK FAFRER 281 (PRE) M= 57 4 (POST6y) ZBJ=HEFi FFF (Martinez-Garcia et al.) .
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