






Pontine nucleus - A group of nuclei located in the pons, which is a part
of the brainstem. The pons play a crucial role in various functions,
including the relay of signals between different parts of the brain and
spinal cord. 
Chx10 neurons - A subpopulation of glutamatergic PPN neurons with a
rostral bias. 
Neurotransmitter Phenotype - Specific neurotransmitter(s) that
these neurons produce and release to transmit signals to other
neurons or target cells. 
Optogenetics - Technique that uses light to control the activity of
specific neurons genetically modified to be light-sensitive. In this case,
Chx10-PPN neurons were manipulated using light stimulation.
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SUMMARY
In this study, researchers investigated the distribution and function of Chx10+
neurons in the pontine nucleus (PPN) and the periaqueductal gray matter
ventrolateral column of the midbrain (vlPAG). They discovered that Chx10+
neurons in the PPN were unevenly distributed, primarily concentrated in the
rostral region. These neurons were found to be predominantly involved in
glutamate signaling. Activation of Chx10-PPN neurons induced motor arrest
and suspended various motor behaviors in mice, indicating their role in
controlling voluntary and controllable movements. Additionally, the study
showed that Chx10-PPN neuron activation influenced respiration and heart
rate, suggesting their involvement in autonomic regulation. However, the
motor arrest patterns induced by Chx10-PPN and Chx10-vlPAG neuron
activation were distinct, implying separate neural mechanisms. These findings
contribute to our understanding of motor control and its potential relevance
to conditions like Parkinson's disease. 

The results showed that activation of Chx10-PPN neurons caused the mice to pause
in their activity and, at the same time, they exhibited respiratory pauses, whereas,
during the activity period after the end of activation, the mice's respiration and heart
rate very rapidly returned to pre-activation levels. Surprisingly, in the absence of any
artificial intervention, the mice also produced similar manifestations of locomotion
and arrest. These results confirm that the behavioral patterns observed during
activation of Chx10-PPN neurons also persisted in normal times, confirming that
there are natural factors influencing the mice. 
 
Activation of glutamatergic neurons in the periaqueductal gray matter ventralateral
column of the midbrain (vlPAG) elicited an overall motor arrest associated with the
innate fear response, and a subpopulation of Chx10-expressing glutamatergic
neurons in the vlPAG elicited a freezing response as well. So here the scientists went
on to explore whether stimulation of Chx10-vlPAG neurons elicits motor arrest
similar to Chx10-PPN stimulation. 
 
The results show that in the first linear channel, unilateral photostimulation
activation of Chx10-vlPAG neurons is also effective in stopping ongoing movements,
but unlike Chx10-PPN activation, the latency of Chx10-vlPAG activation to induce
motor arrest is significantly longer than that during Chx10-PPN activation, and after
the end of Chx10-vlPAG activation mice motor activity does not return to pre-
activation levels. In the second type of circular arena (cylindrical arena), mice were
unable to continue previous locomotor steps after the end of Chx10-vlPAG
activation. During the monitoring of respiration and heart rate frequencies of mice, it
was found that the degree of respiration and heart rate depression induced by
Chx10-vlPAG activation was significantly lower than that induced by Chx10-PPN
activation. The above results suggest that the overall motor arrest induced by Chx10-
PPN is not related to the overall motor arrest induced by Chx10-vlPAG. 
 
 n summary, the present study identified a brainstem response induced by the
activation of PPN Chx10+ as well as Chx10-vlPAG neurons that resulted in overall
motor arrest. Overall motor arrest was accompanied by apnea and decreased heart
rate. Given the significance of PPN in the pathogenesis of Parkinson's, this article
may be of potential value. 

DOES THE MONKEY KING'S FIXATION
ACTUALLY EXIST? NERVE CELLS FOUND

THAT HALT ALL MOVEMENT 

VOCABULARY

ABSTRACT
The Monkey King has the ability to hold creatures in
place without moving, called fixation, and now this skill
is about to be realized by scientists! Recently, scientists
have discovered a group of neurons in the brains of
mice that, when stimulated, cause the mice to stop all
movement, including the normal rhythm of breathing.
When the stimulation ended, the mice would start
moving exactly where they had stopped, minute by
minute. Scientists say the study may help to
understand some of the mechanisms underlying
Parkinson's disease - the main symptom of which is
slowed movement.  
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INTRODUCTION TO
EXPERIMENT
Scientists have made a new discovery that gives us an understanding of what
happens in the brain when movement suddenly stops. "We found a group of
nerve cells in the midbrain that stop all movement when it is stimulated. Not just
everyday behaviors like walking, but even all forms of motor activity. They can
cause mice to stop breathing or breathe slowly and slow their heart rate," said
Ole Kiehn, a professor in the research program. 
 
​"There are multiple ways to stop movement. What's special about these nerve
cells is that once activated, they cause movement to pause or freeze. It's like
setting a movie to pause. The actor's movements suddenly stop on the spot." 
 
The nerve cells stimulated by the researchers are found in a region of the
midbrain called the nucleus Ponti ponti nuclei (PPN), and they are distinct from
other nerve cells through specific molecular markers associated with Chx10. 
 
The PPN is common in all vertebrates, including humans. Therefore, even though
this study was conducted in rats, the scientists hope that this phenomenon
applies to humans as well. 

EXPERIMENTAL PROCEDURE
Distribution of Pontine Nucleus Chx10 
The scientists tried to explore the distribution of pontine nucleus Chx10 in PPN glutamatergic
neurons. First, they crossed Chx10 Cre mice with the R26R tdTomato cell line, which was used to
permanently label Chx10+ neurons. The results showed that Chx10+ neurons were unevenly
distributed along the rostrocaudal axis of the PPN, mainly on the rostral side. 
Neurotransmitter Phenotype of Chx10+ 
 The scientists then investigated the neurotransmitter phenotype of Chx10+ neurons in the PPN. In
sections of Chx10 Cre, they performed in situ hybridization for Vglut2 mRNA using RNAscope
combined with eYFP immunostaining. All Chx10+ neurons in R26R EYFP reporter mice expressed
eYFP and quantified their simultaneous expression of two or more genes. The majority of Chx10+
cells expressed as Vglut2 mRNA (89.67% ± 0.75%). This indicates that these neurons primarily use
glutamate as their neurotransmitter. Glutamate is an excitatory neurotransmitter, meaning it
enhances the activity of the neurons it communicates with. 
Play a Role in Motor Control? 
 Optogenetic methods are used to investigate whether Chx10-PPN neurons play a role in motor
control. Mice were tested in two different environments: the first was a linear channel used to
assess the effect of Chx10-PPN neurons on voluntary movement. This environment likely allowed
researchers to observe changes in locomotion and assess how these neurons affect basic motor
functions. The second, a cylindrical arena, was used to assess the effect of this neuron on other
controllable movements such as grooming or upright walking. 
 Tests showed that in the first linear channel, the Chx10-PPN neuron was activated unilaterally,
which induced a motor arrest and an almost instantaneous recovery at the end of the stimulus. In
the second cylindrical arena, activation of Chx10-PPN neurons transiently suspended the mice's
walking, grooming, and standing behaviors. These results suggest that the motor arrest in mice is
due to the activation of Chx10-PPN neurons. 
Activation of Chx10-PPN neurons leads to global motor arrest. 
  Respiration and Heart Rate Effects 
 Since PPNs play an important role in autonomic regulation, whether Chx10-PPN activation also has
effects beyond limb movement output, so they investigated the effects of this on respiration and
heart rate. Using synchronized whole-body volumetric tracing (WBP), wireless electrocardiography
(ECG), and other activity tracking, they recorded freely awake mice firing at random intervals to
Chx10-PPN neurons using blue or yellow light for the control-delivery of light stimuli.

RESULTS/SUMMARY

BENEFITS OF “FIXATION” FOR PEOPLE
Stereotaxic techniques may help researchers gain a better understanding of the symptoms of
Parkinson's disease, as well as help to understand the pathogenesis of Parkinson's disease. PPN
technology has been used to target deep brain stimulation methods to improve PD symptoms.
Successful methods of deep brain stimulation targeting the PPN to alleviate motor dysfunction in
Parkinson’s disease should consider avoiding the rostral portion of the nucleus to prevent activation of
the Chx10 population. "Motor arrest or slowed movement is one of the main symptoms of Parkinson's
disease. We hypothesize that in Parkinson's disease, these particular nerve cells in the PPN are over-
activated. This inhibits movement." Ole Kiehn concludes, "This study therefore focuses on the basic
mechanisms by which the nervous system controls movement and may ultimately help us understand
the cause of some of the motor symptoms of Parkinson's disease." 
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Weight is always what most people are concerned about. There are various methods for
weight loss such as exercise, diet, and weight loss drugs. There is no doubt that
exercise is the most healthy way to lose weight. For the present tense times and lazy
people, maybe weight-loss drugs are their first choice.
Amazingly, there appears to be a strong correlation between weight loss drugs and
hypoglycemic drugs (drugs used to treat diabetes). Bifidum, LIjing, Luting, and Acarbose can
all reduce weight. In August of 2023, Novo Nordisk announced the availability of its product,
glipizide, as a hypoglycemic agent that not only has the effect of weight loss but also
significantly reduces the probability of adverse cardiovascular events.

Simeglutide is a GLP-1 receptor agonist. As an incretin, it stimulates insulin secretion in a glucose-dependent manner, inhibits
glucagon secretion, reduces blood glucose, and slows gastric emptying, thereby suppressing appetite. Because it can reduce weight,
it is also believed to reduce the occurrence of cardiovascular events. In this randomized, double-blind, parallel-group, and placebo-
controlled phase III trial conducted by Novo Nordisk, Semaglutide 2. 4mg was used as an adjunct to standard therapy to prevent
MACE in patients with cardiovascular disease, overweight or obesity, and no history of diabetes over a 5-year period. The trial
included 17, 604 adults aged 45 and above who were overweight or obese, had cardiovascular disease, and had no history of diabetes.
The primary endpoint was the first occurrence of MACE, including cardiovascular death, nonfatal myocardial infarction, or non-fatal
stroke. By the end of the study, only 1270 patients developed MACE. In contrast to placebo, once a week for five consecutive years of
subcutaneous injections of 2. 4 mg Semaglutide for SMR-1 can reduce the incidence of MACE by 20 %.

Although with the development of
technology and drugs, there are more and
more ways for us to lose weight, according
to experimental research, exercise is still
the best way to lose weight and control
cardiovascular events.

Greatly reduces cardiovascular events

Far away from peers
According to a report by Novo Nordisk, according to the results of the
Phase IIIb trial, the weight loss rate of the 2. 4mg dose of Semaglutide
injection was 15. 8 % after 68 weeks of treatment (a 70kg patient can lose
58. 94kg after 68 weeks), indicating a significant effect. The advantages of
selegiline include not only:
1) In 2021, 424 RCT experiments and network meta-analysis showed that
among the 9 major categories and 21 hypoglycemic drugs of Smeglutide
injection, it showed the best weight loss effect. Other studies have confirmed
that Smeglutide also has advantages over the same company's Liraglutide.
2) Smegglutide only requires one dose per week, which is more
convenient compared to other GLP-1 weight loss pills on the market that
require one dose per day.
3) He is an FDA-approved hypoglycemic drug that can be used for
weight loss.
4) Different from other weight-loss drugs, Semaglutide can not only
control blood sugar and lose weight but also reduce cardiovascular events
compared with other drugs. Therefore, the FDA also approved it for
patients with type 2 diabetes combined with cardiovascular disease.
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ABSTRACT
"Black bile" - this is associated with the ancient Greek
theory of the four humors. Ancient Greek medical pioneers,
including Hippocrates, believed that depression was
caused with an excess of "black bile" in the body. However,
with the continuous development of human cognition,
biologists have given a preliminary explanation for the
etiology of depression: under the adverse intervention of
social environment, interpersonal relationships and other
factors; the body's hormone levels, neurotransmitter levels,
intracellular signaling and other activities are affected, or
even over-regulated, thus triggering a series of clinical
manifestations of depression. In the biological field,
scientists are continuing to conduct 
research on the molecular 
mechanisms of depression, drug 
therapy, diversity, gender 
differences, and other directions. 

GENDER DIFFERENCE
Even though the causative mechanisms of depression are broadly the same,
there are gender differences in the regulation of some important hormones. For
example, in the presence of CRF overproduction, male LC neurons decrease
their response to CRF, thereby preventing high levels of hyperarousal
(disruptive feeling of being on edge). Female LC neurons are more sensitive to
acute doses of CRF, and the tonic firing rate of their LC neurons is three times
higher than that of males under the same conditions, so women are more likely
to exhibit differences in stress responses compared to men, potentially leading
to variations in symptomatology. The circuits and mechanisms responsible for
these differences have not been adequately investigated because clinical
studies in the past used male rodents as subjects and loosely assumed that
females should show the same findings too. Today, this neglect of gender
differences is beginning to be addressed. Gender differences underlie the
characterization of a wide range of psychiatric disorders, and these findings
allow us to conceptualize various types of gender differences in the brain,
which in turn has broader implications for considering gender as a biological
variable. Importantly, comparisons between genders can help to develop new
treatments [4]. 

Machanism
Regarding the causative mechanisms of depression, abnormal regulation of
excitatory synapses has received much attention in recent years. Let's start with
the stress response. Stress responses are activities that release hormones and
other cellular mediators. These mediators promote organismal adaptation when
the response is turned on and off appropriately, but they can also lead to
systemic damage when the response is over-regulated or disordered. Over-
activation of the hypothalamic-pituitary-adrenal axis (HPA axis), caused by
prolonged exposure to a constant state of high stress, is a key mechanism of
depression[1]. Stress is perceived by the brain cortex, and transmitted to the
hypothalamus leading to HPA activation. HPA activity is regulated by
adrenocorticotropic hormone-releasing factor (corticotropin-releasing factor,
CRF) secreted from the hypothalamus and vasopressin (AVP) released from the
posterior pituitary gland. This in turn stimulates the pituitary to secret the
adrenocorticotropic hormone (ACTH) that finally activates the secretion of
glucocorticoids (cortisol in humans, which regulates activities such as neuronal
survival, neurogenesis, and emotional appraisal of events, and is a key link
between stress and brain functioning) from the adrenal cortex. Glucocorticoids
then bind to their receptors localized within the HPA axis as well, where they
exert feedback control on CRF, AVP, and ACTH secretion. 
As a result, the HPA axis in depressed patients is "overloaded" due to constant
activation, with elevated levels of salivary, plasma, and urinary cortisol. 

CONCLUSION
Nowadays, it is generally accepted that the pathogenesis of
depression is related to the regulatory mechanisms of HPA and the
adaptive mechanisms of the neurotransmitter system, and hypotheses
about these mechanisms are constantly being demonstrated through
experiments. At the present stage, drugs for depression have extreme
side effects and limited application. To develop more effective
antidepressant drugs, future research should take side effects into
consideration and be based on respect for gender differences,
experimental validation should be carried out on both genders of
subjects separately. 
When external stimuli come, the HPA does not stop releasing cortisol
even if it takes a huge risk of overloading, it does not know how
serious the consequences will be, so depression is just a case of the
body "doing something bad with good intentions". So, when feeling
depressed and isolated, think about the fact that our body is always
trying to protect us, do something that can make us happy, or get
treatment and tell our body and ourselves: Don't worry, everything will
be fine! 

The pathogenic mechanisms of depression also
involve a variety of neurotransmitter and metabolic
systems. From the perspective of neurotransmitter
theory, it is the monoamines that have the most
significant impact on depression, which primarily
include norepinephrine (NE) and 5-hydroxytryptophan
(5-HT), as well as dopamine, which has a relatively
small impact [3]. It has been found that these
neurotransmitters are heavily concentrated in the
limbic system associated with sleep regulation,
appetite, and emotional processing. As shown in
Figure 2, 5-HT and NE are synthesized in presynaptic
neuron cells, respectively, and their concentration is
regulated by monoamine oxidase (MAO), and then
released into the synaptic gap where they bind to a
family of receptors on the postsynaptic neuron, which
in turn mediate neural signaling. Neurotransmitter
recycling receptors are present on presynaptic
neuron cells, which results in lower concentrations of
neurotransmitters in the process of
neurotransmission. In depressed patients, 5-HT levels
are reduced by "overloading" of the HPA axis and high
cortisol concentrations, ultimately leading to
depression. 

Nowadays, the most mainstream
mechanism of depression is the HPA axis-

5-HT hypothesis, and the rest of the
hypotheses are related to inflammatory

response, immune response,
mitochondrial function, etc. The various

hypotheses complement each other and
explain the complex mechanism of

depression together. 

Widely used antidepressants are mainly
based on the inhibition of reuptake

processes, such as 5-hydroxytryptamine
reuptake inhibitors (selective serotonin

reuptake inhibitors, SSRIs) norepinephrine
reuptake inhibitors (SNRIs), and heterocyclic

antidepressants (TCAs), or based on inhibition
of hormone oxidation processes, such as

monoamine oxidase inhibitors (MAOIs).
However, all of these drugs are associated
with extreme side effects and there is an
urgent need to develop highly effective

psychotropic drugs with low side effects. 

Fig. 1: Mechanism of action of
HPA in response to pressure
stimuli.

Fig. 2: Mechanisms of 5-HT and norepinephrine
neurotransmission and sites of pharmacotherapeutic action.

Fig. 3: Interaction between hypotheses
on the pathophysiology of depression [2] 
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results

Eukaryotic cells contain a macromolecular
protease known as the proteasome, which is
capable of breaking down proteins that are
modified by ubiquitin, but the proteasome
can also degrade proteins that lack ubiquitin
modification, but the exact mechanism of this
process is still unclear. Recently researchers
discovered a protein known as Midnolin,
which is located in the nucleus and promotes
the degradation of many transcriptional
regulators through the proteasome, but these
transcriptional regulators are not tagged with
ubiquitin. Experiments have shown that
Midnolin binds tightly to the proteasome and
utilizes a mechanism that includes a free
beta chain domain to "trap" substrates for
catabolism. Thus, the Midnolin-proteasome
pathway bypasses the traditional
ubiquitination system and achieves selective
degradation of many nuclear proteins.

Abstract

Introduction

Principle

In mammals, transcriptional responses triggered by growth
factors, neurons, and immune stimuli are mediated by a set of
genes known as early genes (IEGs), which encode a family of
transcription factors that include Fos, EGR, and NR4A. IEG
proteins are activated in virtually all mammalian cells and
promote the transcription of late response genes (LRGs), which
are essential for the type-specific initial stimulus-response of
cells. specific initial stimulus-response is critical. Thus, aberrant
IEG expression is associated with cancer, immunodeficiency,
and neurological disorders.IEG mRNA accumulates within a
short time after initial stimulation, and once translated, its
proteins are rapidly degraded to achieve a transient burst of
protein expression. Although the mechanism of IEG
transcriptional regulation is well understood, the mechanism
by which IEG proteins are rapidly and specifically degraded
has remained unsolved for many years.

In addition, Midnolin uses its "Catch" structural
domain to engage the substrate, which is necessary
and sufficient for interaction with unstructured
regions within the substrate that has the potential to
form a β-chain upon binding Midnolin. In addition,
Midnolin binds stably to the proteasome via the C-
terminal α-helix and promotes the degradation of
Catch-bound targets via its N-terminal ubiquitin-like
structural domain. Thus, Midnolin contains three
conserved structural domains that, by acting
synergistically, are able to target a large number of
nuclear proteins directly to the proteasome for
ubiquitination-independent degradation.

The study used a genome-wide CRISPR-Cas9 screen
to explore genes that regulate the stability of IEG
proteins. The results identified a protein called
Midnolin in mammals that promotes proteasomal
degradation in IEG proteins (e.g., c-Fos, FosB, EGR1,
and NR4A1), which is not dependent on
ubiquitination. In addition, Midnolin causes the
degradation of a variety of other proteins, including
specific transcriptional regulators in the nucleus.
multiple stimuli of IEG also activate Midnolin
expression, and overexpression of Midnolin induces
the target to undergo ubiquitin-independent
degradation.

Eukaryotic cells rely on the proteasome, a
macromolecular protease, to efficiently degrade
ubiquitin-tagged proteins. It has been proposed that Fos
family proteins may undergo both ubiquitination-
dependent and ubiquitin-independent mechanisms
upon entry into the proteasome, but the coordination of
these molecular processes remains elusive. The study
hypothesized the existence of a cellular pathway
capable of rapidly degrading c-Fos and other IEG
proteins. By utilizing a forward genetic screen, the study
aims to reveal the mechanisms that control the
degradation of these proteins.

Conclusion
The study suggests that the Midnolin-proteasome pathway
may be a general mechanism for bypassing the classical
ubiquitination system in the selective degradation of
nuclear proteins, especially those that are essential for
transcription. Midnolin recognizes amphipathic regions
within the substrate that have the simplicity to potentially
form a β-strand, and thus its degradation determinants
may be common structural components. Future studies
need to explore how the Midnolin-proteasome pathway is
regulated by multiple signals in different cell types to control
transcriptional programs.

New Mechanisms
of Protein

Degradation in
Cells

BY: Rachel
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CAN THE BONE MARROW
CELLS IN THE SKULL BE
USED TO "TRACK"
NEUROLOGICAL DISEASES?

For centuries, neurological disorders have been treated as incurable
diseases. Even in the present day, with technology more advanced

than ever, scientists' understanding of neurological disorders remains
limited to the symptoms and potential causes of the disorders, and
they have no idea about the specific mechanisms of the disorders.

Therefore, the ability to quickly diagnose and treat mental illnesses is
a top priority for neurologists. However, today's clinical diagnosis is

the opposite of the science-fiction scenario in which a single scan can
provide all the information about a person's health. For example, in

order to be able to determine whether a patient has Alzheimer's
disease, neurologists often need to extract the right amount of

cerebrospinal fluid from an elderly person's spinal cord, and then
make the final decision by looking at the expression levels of various

Alzheimer's-related proteins in the cerebrospinal fluid, which is
undoubtedly an extremely painful process. Therefore, discovering and
adopting a diagnostic method that minimizes patient discomfort has

become a hot topic for cutting-edge researchers. Recently,
researchers around the world have discovered the potential of cranial

cells to help doctors to identify brain inflammation and draw
preliminary conclusions about a patient's condition.

Fig 1. Existing diagnoses of Alzheimer's disease often rely on the extraction
of cerebrospinal fluid (CSF), which determines the amount of amyloid and

tau proteins present in the brain to diagnose Alzheimer's disease.

Ali Ertürk, a neuroscientist from Germany, and colleagues
studied the behavioral differences between bone marrow cells in

the skull and other bone marrow cells and found that cranial
bone marrow cells rapidly differentiate and move toward the

brain after brain injury, potentially suggesting that observations
of bone marrow cell behavior could indirectly predict damages
that occur inside the brain. bone marrow cells, along with cells

in the humerus, femur, and four other bones of mice, are studied
in terms of gene expression levels and proteins expressed. They
found that the cells in the skull, particularly neutrophils (i.e.,

white blood cells), were different from those in the other bones
but similar to those in the meninges, the protective membrane
between the skull and the brain. And brain damage amplifies
these differences. In mice with stroke symptoms, expression

levels of genes related to cell migration and inflammation were
much higher in the bone marrow cells of the skull than in other
bone cells, suggesting that the cells respond to any lesions that

occur in the brain.

This finding is undoubtedly significant, but another mystery is
how skull bone marrow cells are able to travel freely between

the skull and the brain. A few years ago, researchers observed in
mice and humans that there are connecting "tunnels" between
the skull and the meninges that allow bone marrow cells and
immune cells to travel freely between the skull and the brain.
Thus, the movement of bone marrow cells has largely been

shown to be significantly related to brain damage. The next area
of interest is the response of bone marrow cells to different

neurological diseases. 

Researchers have used PET to track the location and extent of
neuroinflammation in the skulls of people with Alzheimer's, stroke, or
multiple sclerosis. They found that the skull inflammation presented

differently in each disease. For example, patients with multiple sclerosis
had a large inflammatory signal at the base of the skull, whereas patients

with stroke or Alzheimer's disease did not. A colleague of Ertürk's, Ilgin
Kolaba, corroborated this idea: "The inflammatory signal varies depending
on the nature of the neurological disease. In specific areas of the skull in

Alzheimer's patients, the signal is even increased, which could be a sign of
disease progression. "

Since these inflammatory signals may reflect what is happening in the
brain, they could serve as a potential reference for neurological diseases.
These findings will help diagnose and treat stroke, Alzheimer's, and other

neurological disorders with a less invasive method than the spinal tap
method described above or other alternatives. If skull bone marrow cells

do come into clinical use in the near future, the cost of diagnosing a range
of neurological disorders will be dramatically reduced, lowering the

crushing medical burden for the elderly and their relatives.

Fig 2. Three-dimensional imaging shows that it's not just the veins (pink structures
on the left) that travel from the skull to the brain (below), but also the small

"tunnels" (small blue vertical lines on the lower right) that connect the outer layers
of the brain to the skull.

BY: Wei Zhang





在这项研究中，研究人员研究了 Chx10+ 神经元在脑桥核（PPN）
和中脑导水管周围灰质腹外侧柱（vlPAG）中的分布和功能。 他们
发现 PPN 中的 Chx10+ 神经元分布不均匀，主要集中在喙区。 发
现这些神经元主要参与谷氨酸信号传导。Chx10-PPN 神经元的激
活诱导小鼠运动停止并暂停各种运动行为，表明它们在控制自主和

可控运动中的作用。此外，研究表明 Chx10-PPN 神经元激活影响
呼吸和心率，表明它们参与自主调节。然而，Chx10-PPN 和
Chx10-vlPAG 神经元激活诱导的运动停止模式是不同的，这意味
着不同的神经机制。这些发现有助于我们了解运动控制及其与帕金

森病等疾病的潜在相关性。 

脑桥核：一组位于脑桥的核团，是脑干的一部分。 脑桥在各种功
能中发挥着至关重要的作用，包括大脑和脊髓不同部分之间的信号

传递。 
Chx10 神经元：具有吻侧偏向的谷氨酸能 PPN 神经元亚群。 
神经递质表型：这些神经元产生和释放以将信号传输到其他神经元

或靶细胞的特定神经递质。 
光遗传学：利用光来控制经过基因修饰的光敏感特定神经元活动的

技术。 在这种情况下，使用光刺激来操纵 Chx10-PPN 神经元。

Olivia Qian

概括

 结果显示，激活Chx10-PPN神经元会使小鼠的活动暂停，同
时，它们表现出呼吸暂停，而在激活结束后的活动期间，小

鼠的呼吸和心率十分迅速地恢复到激活前水平。令人惊讶的

是，在没有任何人工干预的情况下，小鼠也会产生类似的运

动和停滞的表现。这些结果证实，在Chx10-PPN神经元激活
时观察到的行为模式在平时也依然存在，证实了有自然因素

在影响着小鼠。 
 中脑导水管周围灰质腹外侧柱(vlPAG)谷氨酸能神经元的激
活引起与先天恐惧反应相关的整体运动停滞，且vlPAG中表
达Chx10的谷氨酸能神经元亚群也引起冻结反应。因此这里
科学家们继续探究刺激Chx10-vlPAG神经元是否会引起与
Chx10-PPN刺激相似的运动停滞。 
 结果显示，在第一种线性通道中，Chx10-vlPAG神经元的单
侧光刺激激活也能有效阻止正在进行的运动，但与 Chx10-
PPN激活不同的是，Chx10-vlPAG激活诱发运动停止的潜伏
期显著长于Chx10-PPN激活时的时间，且Chx10-vlPAG激活
结束后小鼠的运动活性并不会恢复到激活前水平。在第二种

圆形旷场（cylindrical arena）中，Chx10-vlPAG激活结束
后小鼠无法继续之前的运动步骤。在对小鼠呼吸和心率频率

的监测过程中，发现Chx10-vlPAG激活诱导的呼吸和心率的
抑制程度明显低于Chx10-PPN激活所诱导的。以上结果表明
Chx10-PPN诱发的整体运动停滞与Chx10-vlPAG诱发的整体
运动停滞无关。 
 综上所述，本研究发现了PPN Chx10+以及Chx10-vlPAG神
经元激活时诱发的脑干命令，该命令导致了整体运动停滞。

整体运动停滞伴随着呼吸暂停和心率降低。鉴于PPN在帕金
森发病机制中的意义，该文章可能具有潜在的价值。 

孙悟空的定身术居然存在？脚桥核
CHX10+ 神经元控制全身运动停止 

词汇

摘要
 孙悟空有一种名叫 “ 定身术 ” 的 能力，能把生
物定在原地一动不动 。而在科技高速发展的 今
天，这项本领将要被科学家实现出来了！近

日，科学家们在小鼠大脑中发现一组神经元，

当它受到刺激时，会导致小鼠停止所有运动，

包括正常的呼吸节奏。当结束刺激时，小鼠会

准确地从停止的地方开始运动，分毫不差。科

学家称，这项研究可能有助于了解 主要症状为
运动迟缓的 帕金森症与其发病机制。  

关键词
 神经元，脑桥核，谷氨酸（ PPN），  全身体积描记法（
WBP ），神经轴，帕金森病（ PD ），电动立体定位注射系
统（ Stereo Drive Robot Stereotaxic，Neurostar）  

 科学家们有一项新发现，使我们对突然停止运动时大脑中会发生
什么有更近一步的了解。 “我们在中脑中发现了一组神经细胞，
当它受到刺激时，它们会停止所有运动。不仅仅是走路等日常行

为，甚至包括了所有形式的运动活动。它们可以使小鼠停止呼吸

或呼吸缓慢，心率减慢。”该研究项目的教授 Ole Kiehn 说道。 
 “有多种方法可以停止运动。这些神经细胞的特别之处在于，一
旦激活，它们会导致运动暂停或冻结。就像将电影设置为暂停一

样。演员的动作突然在现场停止。” 
 研究人员刺激的神经细胞存在于中脑中称为“蒂脑桥核
（PPN）”的区域，它们通过与 Chx10 的特定分子标记而与其他
神经细胞不同。 
PPN 在所有脊椎动物中都是通用的，包括人类。因此，即使这项
研究是在老鼠身上进行的，科学家们认为有高机率也适用于人

类。 

桥核 Chx10 的分布 
科学家们试图探索 PPN 谷氨酸能神经元中脑桥核 Chx10 的分布。首
先，他们将 Chx10 Cre 小鼠与 R26R tdTomato 细胞系杂交，该细胞
系用于永久标记 Chx10+ 神经元。结果显示，Chx10+ 神经元沿 PPN
的头尾轴分布不均匀，主要分布在头侧。 

 定身术或能帮助人们进一步了解帕金森病的症状以及帮助了解帕金森病发病机制。 
 PPN技术已被用于深部脑刺激方法的靶标，以改善PD症状，针对PPN的深部脑刺激以缓解PD运动
功能障碍的成功方法很可能应该避免细胞核的喙部，以防止Chx10人群的参与。 
 "运动停滞或运动缓慢是帕金森病的主要症状之一。我们推测，在帕金森病中，PPN 中的这些特殊
神经细胞被过度激活。这将抑制运动。” 
 Ole Kiehn 总结说："因此，这项研究主要关注的是神经系统控制运动的基本机制，最终可能会帮
助我们了解帕金森病某些运动症状的原因。” 

 Eagle, Dawn M., et al. “Stop-Signal Reaction-Time Task Performance: Role of Prefrontal Cortex
and Subthalamic Nucleus.” Cerebral Cortex, vol. 18, no. 1, Oxford UP, May 2007, pp. 178–88.
https://doi.org/10.1093/cercor/bhm044. 
 Goñi-Erro, Haizea, et al. “Pedunculopontine Chx10+ Neurons Control Global Motor Arrest in
Mice.” Nature Neuroscience, Nature Portfolio, July 2023, https://doi.org/10.1038/s41593-023-
01396-3. 
 Neuroscience News. “Nerve Cells Found That Halt All Movement.” Neuroscience News, July
2023, neurosciencenews.com/movement-neurons-
23709/#:~:text=Researchers%20have%20discovered%20a%20group%20of%20nerve%20cells,of
%20motor%20activity%2C%20including%20breathing%20and%20heart%20rate. 

实验介绍

实验过程

Chx10+ 的神经递质表型 
随后，科学家们研究了 PPN 中 Chx10+ 神经元的神经递质表型。
在 Chx10 Cre 切片中，他们使用 RNAscope 结合 eYFP 免疫染色对 
Vglut2 mRNA 进行原位杂交。 R26R EYFP 报告小鼠中的所有 
Chx10+ 神经元均表达 eYFP，并量化其两个或多个基因的同时表达。 
大多数 Chx10+ 细胞表达为 Vglut2 mRNA （89.67% ± 0.75%）。 
这表明这些神经元主要使用谷氨酸作为神经递质。谷氨酸是一种兴奋

性神经递质，这意味着它可以增强与之通信的神经元的活动。 
在电机控制中发挥作用？ 
这些结果使他们能够利用光遗传学方法来研究 Chx10-PPN 神经元是否在运动控制中发挥作用。小鼠在两种
不同的环境中进行了测试：第一种是用于评估 Chx10-PPN 神经元对随意运动的影响的线性通道。 这种环境
可能使研究人员能够观察运动的变化并评估这些神经元如何影响基本运动功能。第二个是圆柱形竞技场，用

于评估该神经元对其他可控运动（例如梳洗或直立行走）的影响。 
 
测试结果显示，在第一种线性通道中，通过单侧激活 Chx10-PPN 神经元，这诱发了运动停滞，结束刺激时
几乎瞬时恢复。在第二种圆柱形旷场（cylindrical arena）中，激活Chx10-PPN 神经元会短暂暂停小鼠行
走、梳理毛发和站立的行为。以上结果表明小鼠运动停滞是由于 Chx10-PPN神经元的激活。

呼吸和心率的影响 
既然 PPNs 在自主神经调节中发挥着重要作用，那么 Chx10-PPN
激活是否也具有肢体运动输出之外的影响，因此他们研究了其对呼

吸和心率的影响。 使用同步全身体积追踪（WBP）、无线心电图
（ECG）和其他活动追踪，他们记录了自由清醒的小鼠以随机间隔
向 Chx10-PPN 神经元发射信号，使用了蓝光或黄光作为控制，传
递光刺激。 

结果

“定身术” 带给人们的好处 参考文献









⾃闭症谱系障碍
病因·

SMART MAGAZINE Shirley 

⾃闭症谱系障碍（Autism Spectrum Disorder, ASD）是
由利奥坎纳在 1943 年定义为⼀种天⽣的、⽆法与他⼈
建⽴正常情感接触的能⼒缺陷。
关键字：⾃闭症谱系障碍、病因学、诊断、治疗、⼉童遗传学在⾃闭症的病因学

中起着关键作⽤，与发育
早期的环境因素有关。⽬
前等位基因的鉴定已经揭
⽰了其遗传模式。⽬前共
识认为，它不完全符合孟
德尔式遗传，更倾向于多
基因模型。其中  10〜
30% 的罕⻅突变是致病
的，例
如 TSC 1 和 TSC 2 突变导
致结节性硬化症复合体 6
或脆性 X -智⼒低下 1
（FMR 1，⼜称 FMRP）导
致脆性 X 综合征；15〜
50% 常⻅的突变也会导
致 ⾃闭症谱系障碍
（ASD），然⽽⽬前尚未
发现 ASD 的共同突变位
点。神经元突触功能障
碍、免疫功能和表观遗传
失调、早产、宫内感染、
妊娠期间抗抑郁药物的暴
露也可能与 ASD 发病相
关。

流⾏病学和临床表现
全世界⼈⼝中⾃闭症患病率约为 1%，且⾃闭症对
男性的影响⼤于⼥性个体，并且⼤于 70% 的患者
患有并发症。⾃闭症由异质性神经发育引起，其特

征在于社交沟通的早期发作困难以及异常受限的重

复⾏为和兴趣。⾃闭症患者具有⾮典型认知特征，

例如受损的社会认知和社会感知、执⾏功能障碍以

及⾮典型感知和信息处理障碍。⾃闭症患者的表现

具有异质性，如语⾔能⼒⽔平可表现为正常或缺

失；认知发展⽅⾯也可表现为⾼于平均⽔平的智⼒
⽔平或严重的智⼒残疾。患者还可能患有其他并发

症，如癫痫、精神病合并症等，临床表现的⼴泛异

质性成为了理解其病理⽣理机制的障碍。

根据由美国精神病协会（APA）于 2013 年发布的
DSM-5（《精神疾病诊断与统计⼿册》第5版），诊
断主要分为以下四个层⾯：

1. 社交沟通困难：个体在社交互动⽅⾯表现出明显
的障碍。包括与他⼈建⽴情感联系、共享兴趣、

理解⾮⾔语性的社交信号等⽅⾯的困难。
2. 刻板重复⾏为：个体表现出刻板、重复、限制性
的⾏为、兴趣和活动。包括刻板化的肢体动作、 沉

浸于特定兴趣领域、对于新事物变化的过度敏
感或过度抵制等。

3. 症状在早期发育阶段显现：以上症状在早期⼉童
发育阶段就已经显现，尽管可能会随着年龄的增

⻓⽽呈现出不同的特点。
4. 症状影响⽇常功能：这些症状会对个体的⽇常功
能产⽣显著影响，包括社交、学校、职业和其他

领域。
DSM-5 与 DSM-4 相⽐，取消严重度分级（如亚斯
伯 格综合症、⼉童孤独症障碍等），取⽽代之的是
⼀个 统⼀的诊断范畴：⾃闭症谱系障碍。此改变旨
在强调 ⾃闭症的多样性和症状的连续性，不再将其
分为离散 的亚型。

诊断



治疗

⽬前⾃闭症的病因尚不清楚，因此缺乏治疗的特效药。专家们强

调，治疗⼉童⾃闭症的主要⽅法应是教育⼲预，次之才是药物治

疗。根据⼉童的具体情况，包括发育障碍和情绪⾏为异常，应采

取综合⼲预措施，包括教育⼲预、⾏为矫正以及药物治疗。早期

全⾯和有针对性的⾏为⼲预可以改善社会沟通，减少焦虑和攻击

性。⼲预的焦点在于社交和沟通功能，⽬前缺乏有效的药物，且

疗效难以评估。⽽且许多 ASD 患⼉还具有智⼒和∕或语⾔障碍，
这让评估治疗效果更具挑战性。美国⻝品药品监督管理局（FDA）
在 2006 年 10 ⽉批准了利培酮⽤于 5〜16 岁的⾃闭症⼉童，⽤于
治疗攻击、⾃伤和发脾⽓等⾏为问题。对于患有共病的患者，如

伴随注意⼒缺陷、多动和冲动症状的情况，药物选择可以包括托

莫西汀、哌甲酯、可乐定等。药物可以减少共病症状，但不能直

接改善社会沟通。社会⽀持对于患⼉的预后也是极其重要的。

SMART MAGAZINE Shirley 

总结和展望
⾃闭症是⼀种天⽣的、⽆法与他⼈建⽴
正常的情感接触的能⼒缺陷。其病因尚
不明确，常伴有多种共患病，易对其病
因、诊断以及疗效的评估造成⼲扰。
研究将继续寻找⽤于药物⼲预的神经化
学靶点和反应的⽣物学预测因⼦；病情
及疗效评估需要多学科联合，可针对共
患病进⾏治疗。早期发现和早期⼲预对
于疾病治疗很关键。
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抑郁症抑郁症抑郁症

简介
​​“黑胆汁”——这跟古希腊医学中的四个元素有
关。以​希波克拉底​为代表的古希腊医学先驱们认
为抑郁症是体内“黑胆汁”过多造成的。但随着人
类认知的不断发展，生物学家对抑郁症的病因给
出了初步解释：在​​社会环境、人际交往关系等因
素的不良干预下，体内激素水平、神经递质水
平，细胞内的信号传递等活动受到影响，甚至过
度调节，从而引发一系列抑郁临床表现。就生物
领域而言，科学家们正持续的
研究关于抑郁症的分子机制​​、​​
药物疗法​​、​​种类多样性和性别
差异等。​ 

​​性别差异​ 
​​纵然大体上看抑郁症的致病机制相同，但在一些重要的激素调控方面
却存在着性别差异。如在 CRF 分泌过多的情况下，雄性的 LC 神经元
会降低对 CRF 的反应，从而防止高水平的觉醒​​，降低​​边缘性不愉快的
感受。雌性 LC 神经元对急性剂量的 CRF 更敏感，其 LC 神经元的强
直性放电率在相同应激条件下是雄性的三倍，因此女性将比男性更可
能经历痛觉过敏症状。​​又因为​​临床研究在过去一直以雄性啮齿动物作
为实验对象，并认为雌性也应显示出同样的研究结果，​​导致这些差异
的回路和机制尚未得到充分研究​​。如今，这种性别差异的忽视问题正
开始得到解决。总而言之​​，​​性别差异是多种精神疾病特征分析的基
础，这些发现让我们能够对大脑中各种类型的性别差异进行概念化，
这反过来又使将性别视为一个生物变量有着更广泛的意义。重要的
是，性别之间的比较有助于发现新的治疗方法[4]。​ 

机制
​​有关兴奋性突触的异常调节是近年来备受关注的其中一个病理机
制。这一系列的反应需要从​​一次应激反应说起。应激反应是指释放
激素和其他细胞介质的活动。当反应被适当开启​​或​​关闭时，这些介
质可促进机体适应，但当反应被过度调控或失调时，这些介质也会
导致系统受损。长期处于持续高应激状态将导致“下丘脑-垂体-肾
上腺轴​​（​​HPA 轴）”过度激活，是抑郁症发病的关键机制 [1]。压
力由大脑皮层感知，传递至下丘脑，导致 HPA 激活。HPA 活性则
受下丘脑分泌的促肾上腺皮质激素释放因子​​（​CRF​）​​和血管加压素​​
（​AVP​）​​的调节，而后者又会刺激垂体分泌促肾上腺皮质激素​​（​
ACTH​）​​。最终激活肾上腺皮质分泌糖皮质激素（在人体内为皮质
醇，能够调节神经元存活、神经发生、事件的情绪评估等活动，是
压力和大脑功能之间的关键联系），糖皮质激素随后也与位于
HPA 轴内的受体结合，对 CRF、AVP 和 ACTH 分泌发挥反馈控
制作用[2]。因此，由于抑郁症患者的 HPA 轴由于被不断激活导
致“过载”，导致唾液、血浆和尿液中​​的​​皮质醇水平升高。​ 

总结
​​如今，普遍认为抑郁症的发病机制与 HPA 的调节机制和
神经递质系统的适应性机制有关，关于这些机制的假说正
不断通过实验进行论证。现阶段治疗抑郁症的药物副作用
极大，且适用性受到局限。要开发出更有效的抗抑郁症药
物，未来的研究应充分考虑副作用，并以尊重性别差异为
基础，分别对两性实验对象进行实验验证。​ 
​​在外界刺激来临时，HPA 就算承担着巨大的过载风险，
也不轻易停止释放皮质醇，它不知道这会造成多么严重的
后果，抑郁症只是它“好心办了坏事”。所以，当感觉情绪
低落，孤立无援时，不妨想一想，我们的身体还在努力保
护我们，去做些能让我们开心的事情，或者接受治疗，告
诉身体也告诉自己：别担心，一切都会好起来的​​！​

抑郁症的致病机制也涉及多种神经递质系统
和代谢系统，从神经递质理论的角度来看，
对抑郁症影响最大的就是单胺类物质，它主
要包括去甲肾上腺素​​（​NE​）​​和 5-羟色胺​​（​
5-HT​）​​，以及影响程度相对较小的多巴胺
[3]。研究发现，这些神经递质大量集中在
和睡眠调节、食欲及情绪加工有关的边缘系
统。如图 2 所示，5-HT 和 NE 分别在突触
前神经元细胞中合成，通过单胺氧化酶
（MAO）调节浓度，然后释放进入突触间
隙，与突触后神经元上的受体家族结合，进
而介导神经信号传递。突触前神经元细胞上
存在神经递质再回收受体，这使得神经递质
的浓度降低。抑郁症患者的 ​​5-HT 水平因受
HPA 轴“过载”​​、​​皮质醇浓度过高的影响而
降低，最终导致抑郁症。​

​​如今最主流的抑郁症机制就是 HPA
轴-5-HT 这一假说，其余假说多涉
及炎症反应，免疫应答，线粒体功
能等方面，各种假说互为补充，共
同阐释着抑郁症的复杂机制。​ 

​​广泛使用的抗抑郁症药物主要基于抑
制重吸收过程，如 5-羟色胺再摄取
抑制剂​​(SSRI​)及​去甲肾上腺素再摄取
抑制剂 (SNRI​)， ​杂环类抗抑郁药 ​
(TCAs)，或基于抑制激素氧化过
程，如​单胺氧化酶抑制剂 ​(MAOI​)。
但以上药物均具有极大的副作用，急
待开发高效且副作用低的精神类药
物。​ 

​图1: HPA在压力刺激下
的作用机制

图2: 5-HT及去甲肾上腺素神经传
导机制及药物治疗作用位点。

​​图3: 抑郁症病理生理学假说之间
的相互作用 [2]​ 
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我们如何保护基因多样性并保存及
利用植物遗传资源？ 关键词：遗传多
资源保护、遗传变异、作物改良

SMART MAGAZINE Marina, Tina

"遗传多样性与植物遗传资源
的 保护和利⽤"⼀⽂全⾯探讨
了植 物物种遗传多样性的关键
主题  [1]。⽂章从学术⻆度出
发，深 ⼊探讨了遗传变异、保
护⼯作 和植物遗传资源的实际
利⽤之  间错综复杂的相互作
⽤。

通过对现有⽂献和实证研究的深⼊研

究，⽂章强调了植物遗传资源

（PGRs）中遗传多样性的极端重要
性。遗传多样性的产⽣是由于 DNA 核
苷酸序列的遗传变异、染⾊体突变以

及有性⽣殖过程中的重组。本⽂阐明

了遗传变异如何促进植物物种的恢复

⼒、适应⼒和进化潜⼒，从⽽影响它

们在不同环境条件下茁壮成⻓和应对

新挑战的能⼒。

有⼏种因素会改变植物遗传资源的遗

传多样性，其中包括突变、选择、遗

传漂变和基因流[2]。根据查尔斯-达
尔⽂的进化论（1859 年），优势基
因型将被选择并传给后代。随着现代

栽培品种的发展，通过⾃然选择和⼈

⼯选择都可以实现重⼤的基因转变。

例如，植物育种者更倾向于选择具有

⾼产、抗⽣物和⾮⽣物胁迫、适应性

⼴、不破碎、种⼦⼤、早熟、品质优

良等特性的作物品种[3, 4]。

上世纪中叶，育种计划的引⼊为  "绿⾊⾰命  "奠定了
基  础，并带来了农业产量的成倍增⻓。然⽽，这也
导致  了陆地品种的替代和单⼀种植系统的扩⼤。结
果，  75% 以上的遗传基因多样性和  90% 的作物品
种从农  ⺠的⽥地⾥消失了 [5]。现在，为了在⽓候变
化、全球  环境问题和⼈⼝急剧增⻓的情况下维持农
业⽣产系 统，"保护剩余的 PGRs ⾄关重要"[1]。

⾝为最重要的 PGRs ，粮⻝和农业被异地保存在基因
库中，基因库的重点是作物品种间和品种内的多样

性。截⾄ 2020 年，共有 711 个基因库和 16 个区域
∕国际机构∕中⼼分布在 90 个国家，保存了超过
7051 个属的 540 多万份登录[6]。此外，作者还深⼊
探讨了植物遗传资源管理的法律和伦理层⾯，重点介

绍了旨在促进遗传资源获取、同时确保公平惠益分享

的国际协定和政策。

经过保护后，植物遗传资源可⽤于作物改良。从杂交

计划中的植物遗传资源中选取不同的亲本，⾄少可在

8-11 年内培育出新的作物品种[7]。此外，这些品种
还可以通过加⼊来⾃野⽣近缘植物或野⽣物种的新等

位基因进⼀步改良。这⼀过程涉及传统育种⽅法和现

代植物基因⼯程。

这篇⽂章综合了遗传多样性、保护和利⽤的各个⽅

⾯，有助于全⾯理解遗传资源与⼈类福祉之间错综复

杂的关系。最后且不重要的⼀点是，我们期待保护和

利⽤植物遗传资源之间的微妙平衡能够造福当代，后

代以及环境。
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结果

真核细胞内含有一种被称为蛋白酶体
的大分子蛋白酶，它能够分解被泛素
修饰的蛋白质，但是蛋白酶体也可以
降解未被泛素修饰的蛋白质，但这个
过程的具体机制目前仍不清楚。最近
研究人员发现了一种名为 Midnolin 的
蛋白质，它位于细胞核内，能够促进
许多转录调节因子通过蛋白酶体降
解，但这些转录调节因子并未被泛
素。实验表明 Midnolin 与蛋白酶体紧
密结合，并利用包含游离 β 链结构域
的机制来“捕获”底物以进行分解。因
此，Midnolin -蛋白酶体途径绕过了
传统的泛素化系统，实现了对许多细
胞核蛋白有选择性的降解。

引入

Intro

原理

在哺乳动物中，生长因子、神经元和免疫刺激引发的
转录反应是由即早期基因（IEG）介导的，而这些基因
编码 Fos、EGR 和 NR4A 的转录因子家庭。IEG 蛋白
在几乎所有哺乳动物细胞中都会被激活并促进晚期反
应基因（LRG）的转录，这种基因对于细胞类型特异
性的初始刺激反应至关重要。因此，IEG 表达异常与
癌症、免疫缺陷和神经系统疾病相关。IEG mRNA 在
初始刺激后短时间内积累，一旦翻译，其蛋白质迅速
降解，实现蛋白质表达的瞬时爆发。尽管对 IEG 转录
调控机制已有较好的了解，但多年来 IEG 蛋白迅速被
特异性降解的机制仍然是未解之谜。

研究采用全基因组 CRISPR-Cas9 筛选，探
寻调节 IEG 蛋白稳定性的基因。结果在哺乳
动物中发现了一种名为 Midnolin 的蛋白质，
在 IEG 蛋白（如 c-Fos、FosB、EGR1 和
NR4A1）中促进蛋白酶体降解，而这种情况
并不依赖泛素化。此外，Midnolin也导致其
他多种蛋白质的降解，包括细胞核中的特异
性转录调节因子。IEG 的多种刺激也会激活
Midnolin的表达，而过度表达 Midnolin会引
发靶标的进行不依赖泛素化的降解。
此外，Midnolin 使用其 “Catch” 结构域来接
合底物，该结构域对于与底物内的非结构化
区域相互作用是必要且充分的，这些非结构
化区域有可能在结合 Midnolin 时形成 β
链。此外，Midnolin 通过 C 端 α 螺旋与蛋
白酶体稳定结合，并通过其 N 端泛素样结构
域促进 Catch 结合靶标的降解。因此，
Midnolin 包含三个保守的结构域，通过协同
作用，能够将大量核蛋白直接靶向蛋白酶
体，实现不依赖泛素化的降解。

真核细胞倚赖蛋白酶体这种大分子蛋白酶有效
地降解被泛素标记的蛋白质。有学者提出，Fos
家族蛋白在进入蛋白酶体时可能既经历泛素化
依赖的机制，也可能有不依赖泛素的机制，但
是这些分子过程的协调依然难以明确。研究假
设存在一种能够快速降解 c-Fos 和其他 IEG 蛋
白的细胞通路。通过利用正向遗传筛选，研究
旨在揭示控制这些蛋白质降解的机制。

结论
研究指出，Midnolin-蛋白酶体途径可能是一种通
用机制，用于在核蛋白的选择性降解中绕过经典的
泛素化系统，尤其是那些对于转录至关重要的核蛋
白。Midnolin在底物内识别那些具有可能形成 β 链
的简并的两性区域，因此，其降解决定子可能是许
多蛋白质常见的结构组成部分。未来的研究需要探
索如何通过不同细胞类型中的多种信号来调节
Midnolin-蛋白酶体途径，以控制转录程序。

细胞中蛋白
降解新机制

BY: Rachel







关键字：神经系统疾病、骨髓细胞、阿尔

茨海默病

头骨里的骨髓竟然可以用
来“跟踪”神经疾病？

数百年来，神经疾病一直被人们当成无药可医的不治之

症。哪怕到了科技空前发达的今天，科学家们对神经疾病

的了解仍然停留在症状与潜在的发病原因，对于发病的具

体机理是毫无头绪。因此，能够快速诊断出精神疾病并加

以治疗是神经医生的首要任务。然而，当今的临床诊断与

科幻作品中扫描一通便能获得一个人的所有健康信息截然

相反。例如，为了能确定患者是否罹患老年痴呆症，神经

科医生往往需要从老人的脊髓中提取适量的脑脊液，再通

过脑脊液中各种与老年痴呆有关之蛋白的表达水平来做出

最终的诊断。毫无疑问，这一流程无疑是极为痛苦的。所

以，发现并采用一种不会对病人造成过多伤害的诊断方式

便成了前沿研究者们的热门课题。近日，世界各地的研究

者们相继发现，那些一直藏在头骨里的细胞们，竟有望帮

助医生们发现大脑出现的各种炎症反应，从而对患者的病

情做出初步的推断。

图一、现有的老年痴呆诊断往往依赖于脑脊液的提取，即通过判断脑

脊液中淀粉样蛋白和 tau 蛋白的含量来诊断是否患有老年痴呆症。

Ali Ertürk，一名来自德国的神经科学家及其同事在研

究颅骨中的骨髓细胞与其他骨髓细胞在行为上的差异

时，发现了颅骨骨髓细胞会在大脑受伤后迅速分化并

往大脑移动，这代表有可能对骨髓细胞行为的观测，

可以间接的预测出大脑内部发生的病变。Ertürk 的研

究小组比较了小鼠头盖骨骨髓细胞与鼠类肱骨、股骨

和其他四块骨头中细胞的基因表达水平与表达出的蛋

白质。他们发现，颅骨中的细胞，尤其是其中一种中

性粒细胞（即白细胞），与其他骨骼中的细胞不同，

但与脑膜（头盖骨和大脑之间的保护膜）中的细胞相

似，而脑损伤则会扩大这些差异。在有中风症状的小

鼠中，颅骨骨髓细胞中与细胞迁移和炎症有关之基因

的表达水平，远高于其他骨细胞，这表明细胞会对大

脑中发生的任何病变做出反应。

这个发现无疑是有重大意义的，但另一个谜团是头骨

骨髓细胞是如何在头盖骨和大脑之间自如穿梭的？几

年前，研究人员便在小鼠和人类身上观察到头骨和脑

膜之间有联通的 "隧道（tunnels）“，让骨髓细胞与

免疫细胞能够自如地在头盖骨与大脑之间往返。因

此，骨髓细胞的移动已基本被证实与大脑的损伤有显

著的关系。而接下来需要关注的便是骨髓细胞对于不

同神经疾病的反应。

研究者们已经利用正子断层扫描（PET）追踪过老年痴呆、中风

或多发性硬化症患者头骨中神经炎症的位置和程度。而他们发现每

种疾病对于头骨炎症的呈现方式都有所不同。例如，多发性硬化症

患者的颅底会有一个巨大的炎症信号，而中风或老年痴呆患者则没

有。Ertürk 的一位同事，Ilgin Kolaba 也佐证了这个观点："炎症

信号的变化取决于神经疾病的性质。在老年痴呆患者头骨的特定区

域，信号甚至有所增加，这可能是疾病进展的一个迹象。

由于这些炎症信号可能反映了大脑中正在发生的情况，因此它们可

以作为神经疾病的一个潜在参考物。这些发现将有助于诊断和治疗

中风、老年痴呆及其他神经系统疾病。而且最重要的是，藉由炎症

发生之位置来诊断疾病的方法，比上述的脊髓穿刺法或其他替代方

法创伤更小。如果在不久的将来，头骨骨髓细胞真的能投入临床使

用，一系列神经疾病的诊断成本将会大幅降低，为患者及其亲属降

低那压得人喘不上气的医疗负担。

图二、三维成像显示，从头骨进入大脑（下方）的不仅仅是静脉（左侧粉红

色结构），还有一些可将大脑外层与头骨连接起来的“小隧道“（右下方的蓝
色小竖线）。

BY: Wei Zhang


