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ABSTRACT

Background A viral vector is a genetically modified vector
produced by genetic engineering. As pathogenic genes

in the virus are completely or largely eliminated, it is safe
to be widely used in multidisciplinary research fields for
expressing genes, such as neuroscience, metabolism,
oncology and so on. Neuroscience and psychiatry are the
most closely related disciplines in either basic research

or clinical research, but the application of viral vectors in
neuropsychiatry has not received much attention or not
been widely accepted.

Objective This article will focus on the application of viral
vectors in basic and clinical neuropsychiatric research.
Methods By using viral vectors, scientists can perform
neurological labelling, gene expression regulation and
physiological manipulation for investigating phenomenon
from molecular mechanisms to behaviours. At the same
time, to treat mental or neurological disorders, viral vectors
can be designed for gene therapy, which alter gene
expression levels or repair mutated genes in the brains of
patients.

Perspective Viral vectors play an important role in basic
research and clinical applications. To further understand
brain function and prevent mental and neurological
diseases, we hypothesize that viral vectors could be

used along with various advanced technologies, such as
sequencing and high-throughput expression analysis in the
neuroscience research field.

BACKGROUND

The human brains, one the most complex
structure in the world, is considered as
the origins of thoughts, emotions and
behaviours. It purportedly contains 8.6x10"
neurons'~ and 8.5x10'" glial cells.” Neurons
interact combinatorically through the 10°-
10* synapses, and they formed links with each
other.” * Hence, the development and appli-
cation of new tools is urgent needed to under-
stand the connexion and function between
neuron and glia. Recently, we have been able
to have a better understanding of the basic
principles of the neural system and brain
function owing to the development of viral
vector systems, molecular biology techniques
and optogenetic techniques.”” Nevertheless,

viral vector systems are not widely applied in
basic research and clinical therapy. In view of
this, we would like to introduce the applica-
tion of viral vector systems in neuropsychi-
atric research.

APPLICATION OF VIRAL VECTOR IN
NEUROPSYCHIATRY RESEARCH

Following the Human Genome Project, the
goal of studying pathogenic mechanisms
and developing effective diagnostic as well
as therapeutic approaches for brain disor-
ders has become ‘the final frontier’ and as
a result, an in-depth understanding of the
brain research boom has been launched on
a global scale.”? Three universal goals of
neuroscience are to understand, to protect
and to mimic the brain. Since neuropsychi-
atry belongs to neuroscience, we would like
to apply the viral vector techniques under
the guidance of neuroscience principals. The
gene studies, protein functions and neuronal
circuits’ activity together with behavioural
tests would unravel the gene functional veri-
fication and disease pathophysiology. We aim
to verify genetic risk factors at the molecular
level and decipher the neuronal cellular
activity and the development of neural
circuits’ biomarkers. To achieve these goals,
the combination of multiple technologies has
become indispensable to research'’ table 1.
Interestingly, viral vectors play an important
role in these technologies.

Introduction and experimental selection of viral
vectors

A virus is a non-cellular form composed of
nucleic acid molecules and proteins that
replicates only inside the living cells of other
organisms, whereas the viral vector is a modi-
fied gene-carrying tool. Since 1972, when
Paul Berg first engineered the SV40 virus and
successfully infected monkey kidney culture
cells," a large number of viral vectors have
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Table 1 Features of technical approaches commonly used for studying neuroscience
Features
Main technlogy  Tools Acute onset Behaving animals Cell-type specific Protein specific
Optogenetic ChR2, NpHR, oCHIEF v v Vv
Calcium imaging  GCaMP, RCaMP, CAMPARI Vv Vv Vv
Genetic Overexpression, knock-out, \ \ \
manipulation knock-down, CRISPR
Pharmacology Traditional pharmacology v vV v
Pharmacogenetics (DREADDs) +/ \ \
Genetically -encoded toxin \V \V \J

CRISPR, Clustered regularly interspaced short palindromic repeats; CaMPARI, Calcium-modulated photoactivatable ratiometric integrator;
ChR2, Channelrhodopsin-2; DREADD, Designer receptors exclusively activated by a designer drug; NpHR, Halorhodopsin.

been developed for research and clinical therapy. They
are characterised by high safety, low immunogenicity and
a marker-containing gene, and are often used for in vivo
or in vitro environment for gene expression manipula-
tion in cell. So far, viral vectors which commonly used
in laboratories include adeno-associated virus (AAV),
lentivirus, adenovirus and retrovirus. These four viral
vectors have distinct characteristics, among which AAV
has been extensively developed and applied in neurosci-
ence and gene therapy. AAV has high gene delivery ability
throughout most human tissues, low immunogenicity and
capsid protein diversity.'* '

With viral vectors, we are able to achieve the following
four important research goals in the brain (figure 1).
The first is the location specificity of gene expression
with stereotactic injection technology. The second is the
time specificity, that is, injection of viral vectors at specific
times, or by molecular biology methods, such as the appli-
cation of the TRE promoter, to express genes at a specific

C)
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Figure 1 Application of viral vectors in neuroscience research.
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time. The third is the cell-type specificity of gene expres-
sion by a specific promoter, which provides us with a fine
interpretation of brain function. The fouth is the experi-
mental task. For neuroscience research, there are several
important tasks including the labelling of neurons, neural
circuit and brain regions, the expressing of genes and the
manipulating and observing of the neurons in brain at
the physiological level (figure 1).

Viral vectors as a tool for cell labelling

Neural labelling and tracing technology is the basis of
neuroscience research. Traditional anatomical tech-
niques have met difficulty in meeting the needs of
neurological research. These requirements for research
are mainly concentrated in the following areas: greater
precision, such as subcellular labelling; more specificity,
such as labelling of an activity-related cell ensemble'*?;
labelling at the physiological level rather than ex vivo. To
achieve these goals, a variety of viral vectors and novel

Genetic manipulation

Gene overexpression, knock-out,
Knock-down, CRISPR

Labelling

‘ From neuron to neural circuits

Physiological
Optogenetics, DREADDS,
Calcium imaging
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fluorescent labelling tools have been developed,'”™ such
as the fluorescent protein FT:Slow,* in which colour can
be transferred within a time-dependent manner; and the
GRASP system, in which the GFP protein is split into two
parts for labelling synaptic connexions.* ™’

Cell type—specific labelling

With specific promoters, such as hSyn,** CaMKIIa* and
the GFAP promoter,”® we can label and trace a popu-
lation of cells, including mature neurons, projection
neurons and astrocytes at the cellular level with fluores-
cent proteins. In addition, we also could obtain the cell
type-specific gene expression in transgenic animals®’
with the cre-dependent strategy.”®** This strategy was very
effective for labelling cells that are difficult to calibrate
by specific promoters, including dopaminergic neurons,
microglia® and so forth. To label immature cells in the
central nervous system, including neural stem cells and
glia precursor cells, we could also use a retrovirus® ** to
infect the immature cells or use the nestin-cre line mice™
in combination with cre-dependent expression virus.

Cutting-edge research has begun to focus on neuronal
labelling and manipulation at the subcellular level. The
principle of this method lies in signal-specific gene-di-
rected expression. Common signal peptides include the
nucleus signal peptide NLS,* transmembrane signal
peptide TM,*' mitochondrial signal peptide® and cell
body signal peptide ST.*® Based on signal peptides, various
tools have been developed, such as the light-controllable
CRY2/CIB system locating PSD (post-synaptic density),
which could manipulate postsynaptic receptor activities® ;
and GRASP technology®' ** and enhanced Dual-eGRASP
technology®* for synaptic connexion labelling. These
novel techniques provided better ideas for elucidating
the precise functions of the nervous system.

Based on the characteristics of the TRE promoter, we
can control gene expression at a specific time. The initi-
ation of the TRE promoter depends on the binding of
tTA or rtTA. Doxycycline (Dox) can bind to tTA or rtTA,
respectively, blocking (Tet-off system) and promoting
(Tet-on system) TRE promoter activation, so researchers
can determine the timing of expression of the TRE and
its genes by controlling the time of delivering Dox to the
animal.”™® On this basis, we can also specifically label the
cell ensemble, a group of cells that respond to a specific
task. In recent years, Liu and colleagues used the imme-
diate early gene c-fos in combination with TRE promoter
and Dox to label memory-related cell clusters (Engram
cells).' In July of 2017, Hyung-Bae Kwon and Alice Y
Ting used light as a switch to construct a more precise
and new activity-related cell clustering technology, which
relies on the upregulation of intracellular Ca®* concentra-
tion driven by neuronal activity as a signal.'*'?

Labelling methods for neural circuits

Understanding complex connexions and modifications
of neural circuits is critical for revealing the pathogenesis
of disease or developing new therapies. Traditional neural

tracing methods, sucg as electrom microscopy, Golgi
staining, and dyes, can show the morphology and projec-
tion of neurons. Furthermore, a few tracers such as plant
lectin and fluorescent gold can achieve trans-synaptic
labelling. However, these methods have the disadvantages
giving an indirect signal, non-specific orientation and
severe attenuation across the postsynaptic signal. Impor-
tantly, these dyes cannot carry genes. Since Kristensson
first applied a herpes simplex virus (HSV) to trans-syn-
aptic label neural circuits,” the application of viral
vectors in tracing neural circuits has received increasing
attention.

There are two fundamental problems regarding neural
circuits labelled by a virus. Clear labelling directions
would be required (forward: soma-to-axon; reverse: axon-
to-soma) and the other one would be cross-synaptic or
not. A neurotropic virus is a type of virus with autono-
mous replication ability, so it can rapidly replicate after
infecting a primary neuron and infects another neurons
connected to it to achieve trans-synaptic purposes (e,g,
rabies virus (RV) and herpers simplex virus (HSV)).
However, neurotropic viruses are highly pathogenic
and infectious, and are more suitable for the analysis
of unknown neural pathways. They are not suitable
for studying general physiological and pathological
processes. Conversely, AAV is increasingly used for neural
circuit tracking because of its lack of replication ability
and extremely low immunogenicity.

Conventional AAV vectors cannot cross the synapses.
Hence, improved viral anterograde and retrograde
tracing has become an important neuroanatomical
tract-tracing tool for the characterisation of neuronal
networks. Neuronal axons can be labelled through
tracking fluorescent proteins expressed by viral vectors,*’
(i.e.anterograde tracing). Anterograde tracing is often
used to label known downstream brain regions, and retro-
grade tracking is required if we need to find the upstream
brain regions. Both fluorescent dyes and viral vectors
have the capability of retrograde tracking. However, fluo-
rescent dyes are unable to carry genes. Likewise, neuro-
tropic viruses are highly immunogenic and are not ideal
reverse-tracking tools either. Strikingly, in 2016, Karpova’s
group first constructed the AAV vector, rAAV2-retro sero-
type vector, with efficient reverse tracing ability,"' which
could be absorbed at the axon end and retrograde to the
nucleus to express fluorescent protein along the cytoskel-
eton (figure 2A).

In addition, there have been efforts to perform ante-
ro-trans-synaptic or retro-trans-synaptic labelling with AAV
vectors in recent years. As in 2016, Zingg and colleagues
found that high-titre AAV2/1 serotype viral vectors can
achieve a trans-synaptic labelling.** In 2013, Xu and
colleagues constructed a WGA~—cre-based trans-synaptic
marker manipulation system.* These non-synaptic or
trans-synaptic operations have great benefit for the
specific study of neural circuits.*®
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Figure 2 Novel adeno-associated virus (AAV) viral vector mediated non-trans-synaptic retrograde tracing and trans-blood-
brain barrier labelling. (A) By injecting rAAV2-retro adeno-associated virus into the basal pons, the cortical cerebral tract
pathway is projected by the reverse-labelled cortex. (B) The whole brain gene expression is obtained by injecting a trans-blood-

brain barrier associated viral vector in the tail vein of the rat.

Cross blood-brain barrier with AAV to infect the whole brain
We used to deliver viral vectors to specific brain regions
and express specific genes or fluorescence with the
brain stereotactic injection technique. However, when
we require extensive labelling or a gene expression of
interest in multiple brain regions, traditional methods of
localised injection are not suitable due to limited virus
infection efficiency. Deverman’s group constructed a
series of viral vector AAV-PHP.B and AAV-PHP.eB sero-
types44 that were able to cross the blood—brain barrier. We
only need to inject a proper amount of AAV vector into
the tail vein. Gene expression was observed in most areas
of the brain (figure 2B). Using this vector, a large amount
of research and gene therapy methods can be improved
upon. If combined with specific expression elements, the
vector is promising as a model for precise, non-invasive
treatment of genetic diseases in the brain.

Genetic manipulation method based on viral vectors

To overexpress genes in the brain, it is necessary to
select different promoters and vector types according to
different types of neurons. The target genes were then
inserted into the viral vector, followed by infecting the
cells along with the viral vector. Any gene, such as neuro-
trophic factors or toxic factors (DTA, etc), could be over-
expressed.” The most important thing is to make sure
that viral vectors have enough capacity to package the
expressed genes and the expressed genes do not affect
the normal physiological state of the virus.

Techniques for downregulating expression levels of
genes include gene knockout and gene knockdown
methods. The constructs of traditionally conditional
knockout mice®” have the disadvantages of a long
construction period, high cost, poor regional specificity
and doubtful developmental compensation, although this
technique can establish a high-efficiency gene knockout
system. At present, we can obtain specific gene knockout
by injecting the AAV viral vector containing cre recombi-
nase into the specific brain region of flox mice, thereby
achieving higher gene knockout region specificity and

eliminating the problem of gene function compen-
sation caused by development. In addition, the gene
knockout efficiency by virus injection is faster and less
costly, which is favoured by researchers.” ** In addition
to gene knockout, gene knockdown based on RNA inter-
ference technology is also a well-known method for gene
expression downregulation. For that purpose, we need to
package RNA interference sequences (siRNA or shRNA)
into viruses and to obtain gene knockdown of cells in
specific regions by means of stereotactic injection.38 7

In addition to the above techniques, the emerging
ZFN, TALEN and CRISPR/Cas9* * gene editing tech-
nologies are new technologies for genomic modification.
The principles of these techniques are to induce genomic
double-stranded DNA breaks at specific loci. The target
gene is then engineered by non-homologous end joining
or homologous recombination. Due to the character-
istics of easy construction, low cost and high efficiency
of CRISPR/Cas9, it has been the most widely used tech-
nology for generating gene knockout, knock-in models.
For the purposes of knocking out a gene, we can use
viral vectors as delivery devices for carrying Cas9 protein
and sgRNA to cause double-strand breaks in DNA.” This
strategy could help us with screening mutant genes and
thereby finding key pathogenic genes for neuropsycho-
logical diseases such as autism, depression and obses-
sive-compulsive disorder. For the purpose of knocking-in
or replacing a gene, it is also necessary to use the virus
to express donor DNA as a homologous recombination
repair template to repair the gene mutation site, apart
from carrying the above Cas9 protein and sgRNA.” Ther-
apeutic applications of the CRISPR/Cas9 system in gene
therapy have provided a new tool for diseases caused by
gene mutation. Moreover, a dCas9-based endogenous
gene transcriptional activation or inhibition technique
based on the mutant Cas9 protein-dCas9 protein, which
lacks the ability to cleave DNA, has been developed
recently. In this way, we can bind dCas9 protein to specific
sgRNA and transcriptional activation (such as VP64)
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or inhibitory elements (such as KRAB), which anchor
upstream of the transcription start point. We thereby
perform overexpression or knockdown of specific endog-
enous genes. The method has brought unprecedented
convenience for overexpressing large fragment genes
and polytopic transmembrane proteins and laid the foun-
dation for the improvement of endogenous genes.”*® In
summary, with the help of viral vectors and various gene
manipulation technologies, we are able to screen genes
related to neurological diseases, study the function of risk
genes for disease and develop gene therapy.

Viral vectors mediated physiological manipulation and
observational techniques

The manipulation and observation of neurons or neuronal
circuit activity helps in understanding of behavioural
changes and the underlying neural mechanisms. Clas-
sical studies often use electrophysiological techniques to
record or stimulate neurons while behavioural changes
were examined. In the past decade, the development
of novel technologies such as optogenetics, chemical
genetics and calcium imaging has further facilitated this
research, and viral vectors play a key role in the applica-
tion of these new technologies.

Application of optogenetics

In the past 10 years,” optogenetics has become one of
the most important technologies invented in the field
of neuroscience. The principle of optogenetics is that
the engineering neurons expressed exogenous photo-
sensitive proteins in specific cell types, and can precisely
control the activity of nerves or glial cells with light.
The results from optogenetics were supplemented by
behavioural experiments for interpreting the neurons or
neural circuits. The accuracy of optogenetics can achieve
the millisecond level in time, and the spatial precision can
reach the level of single cell or even organelle. Compared
with the traditional electrophysiological stimulation of
cells, specific cells can be activated and inhibited by opto-
genetic technology.

The principle of optogenetics relies on genetic modifi-
cation of light-gated ion channels. The most commonly
used lightsensitive channel for activating neuronal
activity is ChR2, which is a non-selective cation channel.
When ChR2 absorbs blue light, channels are open with
cation influx, and depolarisationi is caused. Eventu-
ally, the process could control the electrical excitability
of neurons. Similarly, NpHR channel is a commonly
used channel to inhibit neuronal activity on account of
the influx of chloride ions after light stimulation, and
neuronal activity is inhibited. A variety of genetically
modified lightsensitive channels based on the orig-
inal ChR2 and NpHR were constructed. For example,
ChR2 (HI34R) has a stronger photocurrent but a
slower opening. ChR2 (C128S/D156A) has hypersensi-
tive channel with yellow-green light-off and blue-green
light-on. ChETAs or oCHIEF channels responded to

high-frequency light stimulation.”” eNpHR3.0 channel
has a short response time and responsive reaction.

In addition to the behavioural studies only with viral
vectors that directly express light-sensitive channels,” we
can also combine light-sensitive channels with specific
promoters or Cre-dependent expression strategies. In
this way, we could get more accurate application of
light-sensitive channels to trace specific cells or specific
neural circuits.” In addition, with the help of mutant
light-sensitive channels in response to high-frequency
stimuli, such as oCHIEF channels, we have achieved
plasticity enhancement (LTP) and inhibition (LTD) that
induce long-term synaptic transmission in specific neural
circuits for studying the relationship of synaptic transmis-
sion plasticity with behaviour.” A large number of studies
have also used optogenetics in tissues and organs other
than the brain, such as the use of optogenetic techniques
to control the frequency of heart beats,”” and regulate
blood glucose by controlling the synthesis of insulin in
engineered cells.”®

Based on basic research, researchers aimed to develop
new treatment options for neurological diseases by
combining optogenetics with a variety of other technol-
ogies. In the treatment of epilepsy, we can collect the
EEG signal to figure out the brain region where epilepsy
occurs, and then embed the fibre in the region to express
the lightsensitive channel. After the symbolic EEG signal
of epilepsy is detected, the fibre transmitted light stimu-
lation and inhibition so that inhibition of epilepsy could
happen (figure 3A). For Parkinson's disease, deep brain
stimulation (DBS) is commonly used in clinical practice.
Moreover, 60 Hz DBS can alleviate gait and language prob-
lems, which cannotalleviate tremors; on the contrary, high
frequency (>100 Hz) DBS can relieve tremors. Therefore,
combined with optogenetic techniques (figure 3B), we
will be able to simultaneously give animals two types of
stimuli to alleviate motor control disorders.”” In the field
of drug addiction research, we could use optogenetic tech-
niques to induce LTD for changing addiction behaviour
in the addiction-related brain regions by means of low-fre-
quency light stimulation® (figure 3C). In the future, the
unique high temporal and spatial resolution characteris-
tics of optogenetics technology will continue to develop,
combined with the neuronal and neural circuit-specific
expression technology of viral vectors, which will further
promote the development of research into neurological
diseases.

Application of chemical genetics technology

Chemical genetics (or pharmacological genetics) is
another important technology that has been developed
rapidly in recent years. It can be artificially controlled
by engineering G-protein coupled receptors so that they
can only bind to artificial small molecule ligands to regu-
late receptor activity. The most commonly used chemical
genetics system is the DREADDs technology, which was
developed by Sternson and Roth.”' By changing the struc-
ture of the acetylcholine receptor, they can only bind to
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Figure 3 Application of optogenetics to disease treatment (revised from Rajasethupathy et al 2016%). (A) Preventing epilepsy
by monitoring EEG signal combined with optogenetic techniques. (B) Relieving Parkinson's disease via optogenetics technology
combined with deep brain stimulation technology. (C) Anti-addiction treatment by stimulating forebrain neuronal activity with

optogenetical technology.

clozapine-N-oxide (CNO) and then produce various reac-
tions, either activating or inhibiting neuronal activity. The
most widely used DREADDs receptors are Gq-DREADD
and Gi-DREADD."!

In practice, we only need to clone the appropriate
DREADDs receptor or Cre-dependent expression of the
DREADDs receptor into the viral vector, and then express
the virus in a specific brain region and then control
the cell activity by administering CNO. Compared with
optogenetics, the advantages of chemical genetics are
as follows: first, fibre embedding is not necessary in
DREADDs strategies, which makes it non-invasive and
low cost; second, DREADDs can activate or inhibit cell
activity for a long time because it does not depend on the
influx and efflux of ions; third, CNO is an FDA-approved
clinical drug analogue with prospects for drug develop-
ment. The weakness of DREADDs technology is that the
cell activity cannot be controlled with accuracy. Because
of drug metabolism, it cannot provide us with time spec-
ificity and accuracy of effect. It is thus necessary to select
appropriate technology according to the purpose of the
experiment.

Application of calcium ion imaging technology
In the nervous system, calcium ions are the basis of cell
signal production, and intracellular calcium concentra-
tion increases 10-100 times when neurons are activated.
Therefore, researchers often observe neuronal activity
by means of calcium ion imaging. With calcium imaging
technology, the originally silent electrophysiological
activity has become a spectacular image with vivid and
colourful images. Researchers can track neuronal activity
at the same time and analyse the significance.
Traditional calcium ion imaging techniques rely on
chemical calcium indicators, such as BAPTA-based
Oregon Green-1, Fura-2 and so forth. These indicators
can specifically characterise Ca®" concentrations but do
not label specific cell types. Viral vectors were able to
provide a better choice for such studies. We could clone

proteins that indicate calcium ion concentrations into
viruses, such as GCaMP, and then simultaneously observe
Ca*" concentrations and activities of large numbers
of cells. So far, the most widely used GCaMP has been
developed for many generaltions.62 Take GCaMPO6f for
example: it responded quickly but with weak intensity,
and GCaMP6s were with high intensity but with slow
response. Therefore, we need to select a suitable GCaMP
proteins according to the needs in actual experiments.

Under the circumstances of combining specific func-
tional viral vectors, we can also retrograde track and
observe neuronal activity in a neuronal circuit or by
recording neural activity across the whole brain through
a blood-brain barrier viral vector. At the same time, with
the development of calcium ion indicator proteins, a new
calcium-sensitive protein, such as the red calcium-sen-
sitive protein jRGECOla,63 was constructed to simulta-
neously observe changes in two cell populations in the
same brain region. With the induction of UV, the fluores-
cence of CaMPARI protein can be permanently changed
from green to red, and neuronal activity can be recorded
permanently as well.**

APPLICATION OF VIRAL VECTOR IN THE CLINICAL THERAPY OF
NEUROLOGICAL DISEASES

Viral vector-based gene therapy

The engineered low immunogenic viral vector, which
has good ability to carry genes, is very suitable for gene
therapy. The current strategies for gene therapy include
three categories: first, to replace the mutant gene with
the correct gene by using a viral vector; second, to directly
repair the wrong gene, such as CRISPR/Cas9, using gene
editing technology; third, to perform the genetic modifi-
cation of the cells with the lentivirus infection, and then
transplanted the transformed cells back to the patient,
by such as the chimeric antigen receptor T-cell immuno-
therapy (CAR-T) technique.
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AAV has become a preferred gene carrier for a large
number of diseases, including neurological diseases,
motor diseases and ophthalmology diseases, owing to its
high infection efficiency and extremely low immunoge-
nicity. To date, there are at least 110 AAV-related gene
therapies in the world for clinical trials. Glybera® was
approved by the European Food and Drug Administra-
tion for the treatment of lipoprotein lipase deficiency in
2013. The Luxturna gene therapy for the treatment of
hereditary retinal dystrophy®® was approved by the US
FDA in 2017.

At the same time, lentivirus-based CAR-T therapy is also
very popular around the world. More than 285 CAR-T-re-
lated therapies are in clinical trials. The FDA already
approved Kymriah,”” an acute lymphoblastic leukaemia
therapy in 2017. Treatment of relapsed or refractory chil-
dren and young adult B cells with lentivirus-based CAR-T
therapy kicked off the new gene therapy. In the future,
with the deep understanding of neuroscience, the dream
of using viral vectors to repair defective genes and to treat
mental and neurological diseases could become a reality.

Combination of clinical research and basic research in
neuroscience

With the rapid development of genome sequencing
technology and high-throughput expression analyt-
ical technology, analysis of transcriptome, proteome,
metabolome and non-coding genes such as microRNA,
LncRNA and CircleRNA in clinical disease samples has
become common. In this way, we can screen for char-
acteristic genes related to mental illness, and further
carry out two types of work: one is to look for diagnostic
markers of diseases, which could assist in the diag-
nosis of diseases. The other is to investigate the under-
lying disease mechanisms, which could help with drug
discovery.

Diagnostic markers for diseases are critical for the
early prevention and early intervention of diseases. In
addition to analysing free proteins, DNA or RNA in
body fluid samples (blood, urine, lymph, cerebrospinal
fluid, etc), the current study can also focus on detecting
exosomes. Exosomes are vesicle-like bodies secreted
by cells, which enclose large amounts of protein and
nucleic acid substances, and some of them have been
identified as disease markers. Usually, exosomes can be
isolated and extracted from blood and urine samples,
which lays a good foundation for non-invasive clinical
diagnosis. In addition, exosomes can also be used as
drug carriers due to their excellent membrane fusion
properties.

Based on the abovementioned gene screening, we
can also deeply investigate the molecular mechanisms
of mental illness, including genetic factors, epigenetic
factors and non-coding genetic factors. Here, we can
quickly verify gene function in disease models, figure
out the underlying mechanisms and screen drugs by viral
vector-based gene manipulation. It is worth noting that
the development of single-cell sequencing technology

has brought new opportunities for the development of
this field. Currently, we can use the patch clamp tech-
nique to absorb the contents of individual cells and
scan their genomes, which helps to discover and manip-
ulate new cell populations, or more accurately focus on
specific types of cells. The activity and genetic compo-
nents of individual cells can thus be recorded and iden-
tified. It is also one of the most important directions
and future cornerstones for the development of viral
vector application.

The development of new tools can also help with the
development of neuroscience research with Chinese
characteristics. In traditional Chinese culture and
medicine, many important mechanisms of disease
intervention are not clear, such as the physiological
and biochemical mechanisms underlying acupuncture,
massage and meditation. In addition, a variety of boxing
styles in Chinese traditional martial arts have also been
proven to improve the symptoms of depression or other
mental illness, but the mechanism is still unclear. It is
therefore difficult to conduct in-depth research using
conventional approaches. In the future, with the help
of viral vectors and a series of new technologies, we
may bring new treatment ideas and methods, such as
exploring the role of acupuncture through optoge-
netics. Chemical genetics might be employed to contin-
uously activate motor neurons for treating depression.
Chinese culture and Chinese medicine are treasures of
scientific research. Understanding their mechanisms
and making use of them in clinical practice are benefi-
cial for physical health and disease rehabilitation.

CONCLUSION

Psychiatry is one of the disciplines most closely related to
neuroscience. To carry out the National Brain Program,
the development of therapeutic methods for mental or
neurological diseases, such as early diagnosis and early
detection of depression and autism, has received wide-
spread attention from neuroscientists. The development
of viral vectors and new technologies offers the oppor-
tunity for better research methods. Thus, understanding
the basic principles and applications of viral vectors will
be crucial for deciphering the pathologies of mental
disease.
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