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Abstract. Major depressive disorder (MDD), bipolar disorder (BD), and schizophrenia (SCZ)
are psychiatric disorders that significantly impact an individual's ability to function effectively
within society. MDD is characterized by persistent low mood, leading to symptoms such as
anhedonia, feelings of worthlessness, and cognitive impairments. BD, another mood disorder,
is typified by recurrent episodes of depression and mania or hypomania. The disorder is
associated with increased risk of suicide, comorbid psychiatric conditions, and impaired
functioning across various domains. SCZ, a severe psychiatric disorder primarily characterized
by hallucinations, delusions, and disorganized thinking, affects approximately 1% of the global
population. The cognitive, social, and occupational impairments associated with SCZ impose a
substantial burden on affected individuals and their families. Even though it sounds like three
completely different mental disorders, because of the high degree of matching of symptoms,
we firmly believe that there is a relationship between these mental disorders. Protein folding is
crucial for proper protein function, and misfolding can lead to neurodegenerative disorders.
Through recent research findings, we found that the changes in Aβ plaques and tau tangles
appeared in the typical psychiatric diseases mentioned above. This paper explored the impact
of protein misfolding, changes in Aβ plaques, and tau tangles on neurological disorders, with a
focus on depression, bipolar disorder, and schizophrenia, also examines the role of molecular
chaperones in preventing misfolding and the impact of protein misfolding.

Keywords: major depressive disorder, bipolar disorder, schizophrenia, protein folding, Aβ
plaques and tau tangles.

1. Introduction
Protein folding is critical for proper protein function, and misfolding can lead to neurodegenerative
disorders. Recent research suggests a link between protein misfolding and mental health disorders,
such as MDD, BP, and SCZ [1].

Over 264 million people worldwide suffer from major depressive disorder (MDD), one of the most
widespread mental health conditions. A persistently depressed mood, loss of interest in or enjoyment
from activities, feelings of hopelessness, and physical symptoms including weariness and sleep
difficulties are some of its hallmarks.

Extreme mood swings with episodes of mania and sadness are hallmarks of bipolar disorder (BP),
often referred to as manic-depressive illness (MDI) [2].
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Schizophrenia (SCZ) is a severe mental health disorder affecting approximately 20 million people
globally which characterized by symptoms such as hallucinations, delusions, disorganized thinking,
and negative symptoms like reduced emotional expression and motivation. Schizophrenia typically
emerges during late adolescence or early adulthood and can significantly impact an individual's ability
to function in society, maintain relationships, and work.

This paper will explore the impact of protein misfolding on neurological disorders, with a focus on
the specific details of depression, bipolar disorder, and schizophrenia, and the role of molecular
chaperones in preventing misfolding.

2. Protein folding and its importance in biology
Protein folding is a fundamental process in biology that is crucial for the proper functioning of living
organisms. Proteins are responsible for a wide range of biological functions, such as catalyzing
chemical reactions, transmitting signals, and providing structural support. The ability of proteins to
carry out these functions is dependent on their three-dimensional structure, which is determined by the
process of protein folding.

The complicated and dynamic process of protein folding, also referred to as the folding pathway,
takes place in a number of intermediate states. A linear polypeptide chain is first synthesized, and it is
subsequently folded to form a particular three-dimensional shape. The stability and shape of the
finished protein structure are determined by a variety of molecular forces, including hydrogen bonding,
electrostatic interactions, and van der Waals interactions throughout the folding process [3].

According to the Anfinsen's thermodynamic hypothesis, a protein's natural structure is determined
by its amino acid sequence and the state with the lowest free energy. In other words, a protein's amino
acid sequence encodes the knowledge required for the protein to fold into the correct three-
dimensional shape. Protein function depends on appropriate folding, and improperly folded proteins
can become toxic or lose their intended function, which can result in a variety of illnesses [4].
Alzheimer's, Parkinson's, and prion disorders are a few examples [5].

Protein folding occurs in a complex cellular environment, where many factors can influence the
folding process. Molecular chaperones, for example, are proteins that assist in the folding of other
proteins by preventing misfolding and aiding in the correct folding process [6]. Post-translational
modifications, such as phosphorylation and glycosylation, can also play a role in protein folding by
altering the structure and stability of the protein.

Despite the sophisticated mechanisms in place to ensure proper protein folding, misfolding can still
occur. Misfolded proteins can be non-functional or even toxic to cells, leading to a range of diseases.
For example, amyloid-beta protein misfolding is a hallmark of Alzheimer's disease, while alpha-
synuclein misfolding is associated with Parkinson's disease [7]. In addition to neurodegenerative
diseases, protein misfolding has also been implicated in cancer, cystic fibrosis, and other diseases [8].

Protein misfolding is recognized by quality control mechanisms in the cell, which can either repair
or degrade the misfolded protein. For example, the chaperone-mediated autophagy pathway is a
quality control mechanism that selectively targets misfolded proteins for degradation [9]. Other
cellular mechanisms, such as the unfolded protein response (UPR), can also be activated to mitigate
the damage caused by misfolded proteins.

3. Protein misfolding and mental disorder
Recent studies have suggested that protein misfolding may contribute to the development of mental
health disorders [1]. Misfolded proteins can disrupt the normal functioning of neurons and alter
neurotransmitter release, leading to cognitive and emotional impairments [10]. This section will
explore the specific examples of MDD, BP, and SCZ in relation to protein misfolding.

3.1. Depression
Studies have suggested that misfolded proteins can contribute to the development of depression
through the dysregulation of synaptic transmission, neuroplasticity, and neurogenesis. One study found
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that the misfolding of brain-derived neurotrophic factor (BDNF) impairs its ability to promote
neuronal growth and survival [11]. Furthermore, protein aggregates have been observed in the brains
of patients with major depressive disorder, including increased levels of aggregated alpha-synuclein
and ubiquitin-positive inclusions [1].

Protein misfolding may play a role in the deregulation of the immune system, which has been
linked to the emergence of depression. Inflammation and immune system activation brought on by
misfolded proteins have been connected to the etiology of depression, according to studies. The
endoplasmic reticulum (ER), a cellular organelle involved in protein synthesis and folding, can also
accumulate misfolded proteins as a result of protein misfolding. Unfolded protein response (UPR),
which can cause neuronal malfunction and cell death in the brain and contribute to the onset of
depression, has been found to be activated by ER stress brought on by misfolded proteins.

3.2. Bipolar disorder
Protein misfolding has been implicated in the pathophysiology of bipolar disorder. The disorder is
characterized by episodes of mania and depression, and it is believed to arise from a combination of
genetic and environmental factors. Evidence has shown that protein misfolding can play a role in
bipolar disorder by altering the expression of proteins involved in synaptic plasticity and
neurotransmitter release, such as DISC1 and GSK-3β [1]. Post-mortem studies of patients with bipolar
disorder have also shown an increased presence of protein aggregates in the brain, including amyloid-
beta plaques and tau tangles [10]. These findings suggest that misfolded proteins may contribute to the
development of the disorder.

In addition to the altered expression of proteins involved in synaptic plasticity and neurotransmitter
release, studies have shown that protein misfolding may also play a role in mitochondrial dysfunction,
which has been implicated in the pathogenesis of bipolar disorder [12]. Mitochondria play a critical
role in energy production and calcium signaling within neurons. Dysfunctional mitochondria can lead
to an imbalance in calcium signaling and oxidative stress, which can contribute to neuronal damage
and death. Research has shown that protein misfolding can lead to the accumulation of misfolded
proteins in mitochondria, impairing mitochondrial function and contributing to the development of
bipolar disorder [13].

3.3. Schizophrenia
Protein misfolding has been implicated in schizophrenia, with evidence showing altered expression of
proteins involved in synaptic transmission and neuroplasticity, such as neuregulin 1 (NRG1) and
dysbindin (DTNBP1) [1]. Post-mortem studies have demonstrated an increased presence of protein
aggregates in the brains of schizophrenia patients, including amyloid-beta plaques and
hyperphosphorylated tau, suggesting a potential role of misfolded proteins in the pathophysiology of
the disorder [12]. Protein misfolding may contribute to the dysfunction of glutamatergic signaling in
the brain, which has been implicated in the pathophysiology of schizophrenia. Glutamate is a
neurotransmitter that plays a key role in synaptic plasticity and cognitive function. Research has
shown that misfolded proteins can interfere with the proper folding and trafficking of glutamate
receptors, leading to altered glutamate signaling and synaptic dysfunction in schizophrenia. In addition,
protein misfolding can also lead to the accumulation of misfolded proteins in the extracellular space,
which can activate the immune system and induce an inflammatory response in the brain. This
neuroinflammation has been linked to the pathogenesis of schizophrenia and may contribute to the
development of the disorder.

Recent advances in proteomics have enabled researchers to identify changes in protein expression
and folding patterns in patients with neuropsychiatric disorders. By understanding the mechanisms
underlying protein misfolding and aggregation, researchers hope to identify new targets for the
development of more effective therapies for these conditions. In summary, protein misfolding is a
critical factor in the pathogenesis of neuropsychiatric disorders, and its study may lead to the
development of novel treatments for these debilitating.
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4. Molecular chaperones and protein folding
By avoiding protein misfolding and aggregation, the class of proteins known as molecular chaperones
contributes significantly to protein folding and the maintenance of cellular proteostasis [5]. These
chaperones are able to identify misfolded or partially folded proteins and attach to them, promoting
normal folding and preventing the creation of harmful protein aggregates [14]. Heat shock proteins
(HSPs) and chaperonins are two types of molecular chaperones that are important for protein
homeostasis and the cellular stress response [14].

The significance of molecular chaperones in preventing protein misfolding and related disorders is
evident in their involvement in several neurodegenerative diseases. For instance, Alzheimer's and
Parkinson's diseases are characterized by the accumulation of misfolded proteins in the brain, such as
amyloid beta and alpha-synuclein, respectively. Studies have shown that overexpressing molecular
chaperones can reduce protein aggregation and alleviate disease symptoms in animal models of these
diseases [15]. Therefore, enhancing the function of molecular chaperones may represent a promising
therapeutic approach for treating mental health disorders associated with protein misfolding.

Simply, molecular chaperones are essential proteins that facilitate proper protein folding and help
maintain cellular proteostasis by preventing protein misfolding and aggregation. Their critical role in
preventing protein misfolding and their potential as therapeutic targets for neurodegenerative diseases
underscores the need to understand their mechanisms and develop strategies to enhance their activity.

5. ABeta plaques and tau tangles and mental disorder
The overlapping symptoms observed in major depressive disorder, bipolar disorder, and schizophrenia
might be partially attributed to the presence of Aβ plaques and tau tangles, which are commonly
associated with neurodegenerative diseases like Alzheimer's. These pathological features could be one
of the key factors contributing to the development and manifestation of various mental health
disorders.

Aβ plaques and tau tangles are known to interfere with neuronal function and communication,
which may contribute to the observed similarities in the symptoms of these mental health disorders.
These pathological features can disrupt various processes, such as synaptic transmission,
neuroplasticity, and neurogenesis, that are essential for maintaining healthy brain function.

The presence of Aβ plaques and tau tangles can also lead to neuroinflammation and oxidative stress,
which may further exacerbate the symptoms of these disorders. Neuroinflammation and oxidative
stress have been implicated in the pathogenesis of several mental health disorders and could serve as a
common denominator linking these conditions to Aβ plaques and tau tangles.

In addition, Aβ plaques and tau tangles may indirectly contribute to the observed symptom
similarities by affecting other molecular pathways and cellular processes implicated in these disorders,
such as the dysfunction of glutamatergic signaling, mitochondrial dysfunction, and altered expression
of proteins involved in synaptic plasticity and neurotransmitter release.

5.1. MDD and the link to Aβ plaques and tau tangles
Merging evidence suggests that there may be a connection between depression and the presence of Aβ
plaques and tau tangles, which are characteristic of Alzheimer's disease [16]. Although the exact
mechanisms underlying this relationship remain unclear, several hypotheses have been proposed.

One possibility is that the accumulation of Aβ plaques and tau tangles may disrupt neuronal
function and communication, leading to depressive symptoms. In some studies, higher levels of Aβ
and tau have been observed in the brains of individuals with a history of depression, suggesting a
potential link between these pathological features and the development of depressive symptoms.

Another hypothesis is that the chronic stress and inflammation associated with depression may
contribute to the formation and accumulation of Aβ plaques and tau tangles. Prolonged stress and
inflammation can impair the brain's ability to clear misfolded proteins, leading to their accumulation
and the formation of toxic aggregates. This, in turn, may exacerbate depressive symptoms and increase
the risk of developing neurodegenerative diseases such as Alzheimer's.
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Moreover, alterations in neurotrophic factors, such as BDNF, have been implicated in both
depression and Alzheimer's disease. As mentioned earlier, misfolded BDNF can impair neuronal
growth and survival, which may contribute to depressive symptoms. Additionally, decreased BDNF
levels have been linked to the progression of Alzheimer's disease, as they can exacerbate the
accumulation of Aβ plaques and tau tangles, further impairing neuronal function.

In conclusion, there appears to be a complex interplay between depression, Aβ plaques, and tau
tangles, with the potential for a bidirectional relationship between these factors. Understanding the
precise mechanisms underlying this relationship may help to identify novel therapeutic targets and
strategies for the treatment of depression and the prevention of neurodegenerative diseases such as
Alzheimer's.

5.2. BD and the link to Aβ plaques and tau tangle
The potential involvement of Aβ plaques and tau tangles, characteristic of Alzheimer's disease, in the
pathophysiology of bipolar disorder has attracted growing interest. The disorder is marked by episodes
of mania and depression, with the underlying causes believed to arise from a combination of genetic
and environmental factors.

Post-mortem studies of patients with bipolar disorder have shown an increased presence of protein
aggregates in the brain, including amyloid-beta plaques and tau tangles [10]. These findings suggest
that these pathological features may contribute to the development of bipolar disorder.

Altered expression of proteins involved in synaptic plasticity and neurotransmitter release, such as
DISC1 and GSK-3β[1], has been observed in bipolar disorder. These proteins may also be linked to
the formation and accumulation of Aβ plaques and tau tangles. Dysregulation of these proteins can
disrupt neuronal function and communication, potentially exacerbating the symptoms of bipolar
disorder and increasing the risk of developing neurodegenerative diseases such as Alzheimer's.

Mitochondrial dysfunction has been implicated in the pathogenesis of bipolar disorder [13].
Mitochondria play a crucial role in energy production and calcium signaling within neurons.
Dysfunctional mitochondria can lead to an imbalance in calcium signaling and oxidative stress, which
can contribute to neuronal damage and death. Research has shown that the accumulation of Aβ plaques
and tau tangles can impair mitochondrial function, potentially contributing to the development of
bipolar disorder [14].

5.3. SCZ and the link to Aβ plaques and tau tangles
Protein misfolding has been implicated in schizophrenia with evidence showing altered expression of
proteins involved in synaptic transmission and neuroplasticity, such as neuregulin 1 (NRG1) and
dysbindin (DTNBP1) [1]. Post-mortem studies have demonstrated an increased presence of protein
aggregates in the brains of schizophrenia patients, including amyloid-beta plaques and
hyperphosphorylated tau, suggesting a potential role of these pathological features in the
pathophysiology of the disorder [12].

The dysfunction of glutamatergic signaling in the brain has been implicated in the pathophysiology
of schizophrenia. Glutamate is a neurotransmitter that plays a key role in synaptic plasticity and
cognitive function. Accumulation of Aβ plaques and tau tangles may interfere with the proper folding
and trafficking of glutamate receptors, leading to altered glutamate signaling and synaptic dysfunction
in schizophrenia.

Furthermore, the presence of Aβ plaques and tau tangles may contribute to neuroinflammation in
schizophrenia. The accumulation of misfolded proteins in the extracellular space can activate the
immune system and induce an inflammatory response in the brain. This neuroinflammation has been
linked to the pathogenesis of schizophrenia and may contribute to the development of the disorder.
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6. Current technical challenges in protein misfolding research

6.1. Identifying and characterizing misfolded proteins
One of the key challenges in protein misfolding research is the identification and characterization of
the specific misfolded proteins and their conformations that contribute to mental health disorders.
Characterizing the dynamic and heterogeneous nature of misfolded protein aggregates is difficult using
conventional experimental methods like nuclear magnetic resonance (NMR) spectroscopy and X-ray
crystallography [13].

6.2. Development of reliable and sensitive detection method
Detecting misfolded proteins and their aggregates in biological samples, particularly at early stages of
aggregation, remains a technical challenge. Current methods, including immunoassays and
fluorescence-based techniques, can be limited by low sensitivity and specificity, as well as high
background noise [13].

6.3. In vivo modeling
Developing accurate and reliable animal models that recapitulate the complexity of human mental
health disorders associated with protein misfolding is crucial for understanding disease mechanisms
and testing potential therapies. However, creating such models is challenging due to species
differences in protein sequences, folding pathways, and cellular environments [1].

6.4. Targeting protein aggregates
The development of therapeutic strategies that specifically target misfolded proteins or their
aggregates without affecting the function of normally folded proteins is a significant challenge. Small
molecules or biologics that selectively bind to misfolded proteins can sometimes have unintended off-
target effects, and the blood-brain barrier can limit the delivery of potential therapeutics to the central
nervous system [8].

6.5. Enhancing molecular chaperone function
While molecular chaperones represent a promising therapeutic approach, modulating their function
without disrupting cellular homeostasis is challenging. Developing small molecules or other
therapeutic agents that selectively enhance the activity of specific chaperones or chaperone networks
without causing toxicity or off-target effects is a critical goal in this area [16].

7. Future directions in research
To create new therapeutic approaches, it is crucial to have a clearer understanding of the molecular
processes that underlie protein misfolding in neurological illnesses. Current research is focused on
identifying the specific protein misfolding events contributing to mental health disorders and
developing novel therapeutic interventions targeting misfolded proteins [8]. In the future, it will be
crucial to:

7.1. Develop new experimental and computational tools to better characterize misfolded proteins and
their aggregation dynamics
This objective involves the creation and optimization of novel experimental techniques and
computational methodologies to advance the understanding of misfolded proteins, their aggregation
properties, and the factors that influence their formation and stability. This includes the development
of high-resolution imaging techniques, single-molecule biophysical assays, and advanced
computational modeling approaches to elucidate the molecular and structural basis of protein
misfolding and aggregation.
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7.2. Improve the sensitivity and specificity of detection methods for misfolded proteins and their
aggregates in biological samples
Enhance existing detection methods or create new, innovative techniques for identifying and
quantifying misfolded proteins and their aggregates in various biological samples, such as tissue,
blood, or cerebrospinal fluid. This may involve the development of high-throughput screening assays,
nanoscale imaging technologies, and biosensors with improved selectivity and sensitivity to detect
misfolded proteins at early stages, enabling early diagnosis and intervention.

7.3. Design therapeutic strategies that selectively target misfolded proteins or their aggregates
without affecting the function of normally folded proteins
Create innovative therapeutic approaches that specifically target and neutralize misfolded proteins or
their aggregates while preserving the function of normally folded proteins. This may involve the
development of small molecules, antibodies, or other biologics that selectively bind to misfolded
proteins, as well as the design of strategies to modulate cellular pathways involved in protein folding,
degradation, and clearance to prevent or reverse protein misfolding and aggregation.

7.4. Investigate the potential of molecular chaperones as therapeutic targets and develop approaches
to selectively enhance their activity without causing toxicity or off-target effects
Explore the role of molecular chaperones, which assist in protein folding and quality control, as
potential therapeutic targets in the context of protein misfolding disorders. Develop methods to
selectively enhance the activity of specific chaperones, without causing adverse side effects or off-
target consequences, in order to promote proper protein folding and prevent the formation of toxic
protein aggregates. This may involve the design of pharmacological modulators, gene therapies, or
other approaches to regulate chaperone activity and expression.

8. Conclusion
In conclusion, this study delved into the critical role of protein folding as a complex and essential
biological process that ensures proper protein function. The investigation specifically explored the
impact of protein misfolding, changes in amyloid-beta (Aβ) plaques, and tau tangles on neurological
disorders, particularly depression, bipolar disorder, and schizophrenia. Misfolded proteins can become
toxic, accumulating within cells and leading to a variety of neurological disorders that significantly
affect an individual's mental well-being.

We also examined the role of molecular chaperones in preventing protein misfolding and their
potential as therapeutic targets in treating mental health disorders. Our findings highlight the
importance of molecular chaperones in maintaining cellular proteostasis and mitigating the formation
of Aβ plaques and tau tangles, both of which contribute to the progression of neurological disorders.

To fully comprehend the specific mechanisms by which protein misfolding, Aβ plaques, and tau
tangles contribute to mental health disorders, further research is necessary. Scientists must dive deeper
into the complex interactions between proteins, molecular chaperones, Aβ plaques, and tau tangles to
identify innovative therapeutic interventions targeting these elements. Developing new treatments that
address protein misfolding, Aβ plaque formation, and tau tangle accumulation could help alleviate the
symptoms of mental health disorders and improve the quality of life for those affected by these
debilitating conditions.

By integrating the consequences of protein misfolding, alterations in Aβ plaques, and tau tangles,
along with the preventive role of molecular chaperones, this study offers a comprehensive perspective
on the potential therapeutic avenues for treating neurological disorders associated with depression,
bipolar disorder, and schizophrenia.
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