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Restoring normal sleep reduces amyloid-beta
accumulation in mouse model of Alzheimer's
disease
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- Sleep fragmentation
- Decrease in slow wave sleep
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TRN Activation Symptoms improve,
Disease progression slows

The white line represents a hypnogram that indicates what state the brain is in during your
sleeping time: active wake, quiet wake, rapid eye movement (REM) sleep, or slow wave sleep
(SWS). In normal animals (and humans), it is typical to fluctuate between different states
over the course of your sleeping time. Activity of the thalamic reticular nucleus (TRN) is
critical during sleep, as it helps maintain stable sleep states and promotes the pattern of
neuronal activity that underlies SWS. (Bottom left) However, in mice and patients with
Alzheimer’s disease (AD), the activity of the TRN is lower than normal. When the TRN is not
active, sleep becomes fragmented. In addition, there is less time spent in SWS, the deep
restorative sleep during which the brain clears out toxins and metabolites produced
throughout the day. Over time, the reduced levels of SWS lead to accumulation of the AB
peptides that form plaques associated with AD, and contribute to disease progression.
(Bottom right) Therapeutic activation of the TRN in AD mice restored sleep maintenance and
enhanced SWS, effectively normalizing the sleep patterns of the mice. Activating the TRN
each day when the mice went to sleep led to sustained improvement in sleep, and reduced
the accumulation of plaques in the brain, effectively slowing disease progression. Credit:
Jeannie Chin and Rohan Jagirdar

Multiple studies in humans and mouse models indicate that sleep disruptions raise
the risk of Alzheimer's disease (AD) by increasing the accumulation of disease-
relevant proteins such as amyloid-beta (A-beta) in the brain. In the current study, a
team led by researchers at Baylor College of Medicine discovered that, in an animal
model of Alzheimer's disease, restoring normal sleep by returning to normal the
activity of the thalamic reticular nucleus (TRN), a brain region involved in maintaining
stable sleep, reduced the accumulation of A-beta plaques in the brain.

Published in the journal Science Translational Medicine, the study suggests that TRN
not only may play a previously unsuspected driving role in symptoms associated
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with Alzheimer's, but also that restoring its normal activity could be a potential
therapeutic approach for this severe condition.

The TRN is quiet in AD

"Our interest in studying the TRN in the context of Alzheimer's disease began when
we observed in an animal model that TRN activity was generally reduced when
compared to the TRN activity of animals without the condition," said corresponding
author Dr. Jeannie Chin, associate professor of neuroscience at Baylor.

When we sleep, the TRN is in general more active than when we are awake, Chin
explained. This increased TRN activity reduces the perception of peripheral sensory
information. Consequently, when we sleep, we typically are not aware of sounds,
lights and other sensations, which helps us get a good night sleep.

"Observing that the TRN in our animal model was less active than in animals without
the condition, we investigated the possibility that a quiet TRN could be a reason for
the sleep interruptions that are common in people with Alzheimer's disease," said
first author Dr. Rohan Jagirdar, an instructor in the Chin lab.

Alzheimer's | Alzheimer’s
(no activation) (TRN activation)

In the brains of mice and humans with Alzheimer’s disease (AD), amyloid plaques build up,
as seen here in the brains of AD mice. Activating a specific part of the brain called the
thalamic reticular nucleus (TRN) in mice with AD decreased sleep fragmentation and

increased slow wave sleep, the deep restorative sleep during which the brain clears out
toxins and metabolites produced throughout the day. Activating the TRN each day when the
mice went to sleep led to sustained improvement in sleep, and reduced the accumulation of
plaques in the brain, effectively slowing disease progression. Credit: Rohan Jagirdar
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The researchers began by determining whether their Alzheimer's disease mice would
wake up more often than mice without the disease during normal sleeping hours.
Using a wireless system to record the animals' brain activity, the researchers
discovered that, indeed, the Alzheimer's mice woke up 50% more times than non-
Alzheimer's mice. Moreover, the Alzheimer's mice got less than the normal amount
of slow wave sleep, the deep restorative sleep during which waste products and
metabolites are cleared from the brain. This was observed in the early stages of
disease progression, before the animals developed memory deficits.

"This finding is relevant to the human condition, as research has shown that sleep
fragmentation and other sleep disturbances in cognitively normal people are
associated with increased Alzheimer's disease risk," Chin said. "When AD mice got
older, reaching about three to five months, their sleep continued to be disrupted and
they also presented with memory deficits."

Quiet TRN linked to A-beta plaque load

In the AD animal model, measurable levels of A-beta began to appear in the brain
when the mice reached about one month of age and began to deposit into plaques
by approximately six months of age.

"We assessed whether the sleep fragmentation and reduction of slow wave sleep
that we observed in our AD mouse model might be associated with the accumulation
of A-beta at later stages, by examining mice at six to seven months of age," Jagirdar
said. "We found that the magnitude of sleep fragmentation was directly related to
plaque load in the brains of six-month-old AD mice."

Taken together, these findings show that AD mice present disruptions in sleep that
could influence the accumulation of proteins involved in disease progression.

In addition, Chin, Jagirdar and their colleagues analyzed postmortem tissues from
patients who had either Alzheimer's disease, mild cognitive impairment or none of
those conditions. They discovered that, as they had found in the mouse model,
neurons in the TRN of Alzheimer's patients showed signs of having been less active
when compared to the controls. Also, the brains of AD patients with the least active
TRN had the highest A-beta plaque deposition. These findings support the possibility
of a relationship between reduced TRN activity and increased accumulation of
disease-causing proteins in AD.
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Image shows a specific region of the brain called the thalamic reticular nucleus (TRN, in red),
which is less active in mice and patients with Alzheimer’s disease (AD). Activating the TRN
in mice with AD decreased sleep fragmentation and increased slow wave sleep, the deep
restorative sleep during which the brain clears out toxins and metabolites produced
throughout the day. Activating the TRN each day when the mice went to sleep led to
sustained improvement in sleep, and reduced the accumulation of plaques in the brain,
effectively slowing disease progression. Credit: Rohan Jagirdar

Could reactivating TRN improve the condition?

Using a chemogenetic system, a technology that allows one to chemically activate
specific cells, the team activated TRN neurons in the animal model. After a single
round of chemogenetic activation of the TRN, the AD-mice woke up less often and
spent more time in slow wave sleep, signs of improved sleep activity.

"It was exciting to see that, after receiving chemogenetic activation of the TRN daily
for a month, the AD mice showed sustained activation of TRN neurons, consistent
improvements in sleep and, remarkably, reduced accumulation of A-beta," Chin said.

The researchers point out that, although this approach seems to improve sleep
disruption and A-beta deposition in this mouse model of Alzheimer's disease, not all
sleep disturbances involve TRN.

"Sleep disturbances are associated with a number of disorders and arise from
diverse causes," Jagirdar explained. "Targeting the TRN may not be as effective if
the sleep disturbance is due to unrelated causes, such as obstructive sleep apnea or
restless leg syndrome."
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"Our findings support that selective activation of the TRN is a promising therapeutic
intervention to improve sleep disturbances and slow the accumulation of A-beta in
AD," Chin said.

Explore further

Sleep history predicts late-life Alzheimer's pathology

More information: Restoring activity in the thalamic reticular nucleus improves sleep
architecture and reduces AB accumulation in mice, Science Translational
Medicine (2021). www.science.org/doi/10.1126/scitranslmed.abh4284

Journal information: Science Translational Medicine

Provided by Baylor College of Medicine
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Spiny mice regenerate damaged kidneys
without scarring
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Source:
Cell Press
Summary:

Spiny mice are known for their ability to heal severe skin wounds without so much as a
scar. Now, researchers have discovered that they also can regenerate severely damaged
internal organs that, in other mice, would lead to fatal organ failure. The findings in spiny
mice are the first to show kidney regeneration in an adult mammal.

FULL STORY

Spiny mice are known for their ability to heal severe skin wounds without so
much as a scar. Now, researchers reporting in the journal iScience on
November 3, have discovered that they also can regenerate severely
damaged internal organs that, in other mice, would lead to fatal organ
failure. The findings in spiny mice are the first to show kidney regeneration
in an adult mammal.

"The global health burden for loss of vital organ function due to progressive tissue fibrosis is
enormous,” says Mark Majesky, a principal investigator at Seattle Children's Research Institute
and professor of pediatrics at the University of Washington. "Very few treatment options are
currently available for patients with end-stage kidney disease or similar degenerative fibrotic
diseases of the heart, lungs, liver, or reproductive organs. Our group took a different approach to
this problem and looked to nature to provide clues that might lead to novel therapies."

Earlier studies of wound healing in spiny mice (genus Acomys) suggested to Majesky and
colleagues (including Daryl Okamura, an attending physician and associate professor of
pediatrics at the University of Washington) showed that the animals had -- over the course of
their evolution -- solved the problem of tissue fibrosis (scarring) after injury. But could they also
heal damaged internal organs the same way?

To find out, they exposed spiny mice to conditions that are known to cause serious kidney injury
in other mice (genus Mus). Their studies showed that, although spiny mice suffered the same
degree of tissue injury initially, they were nevertheless able to completely heal: they regenerated
an apparently healthy kidney with no signs of fibrosis. As expected, other mice treated in the
same way progressed to organ failure.

"The dramatic and complete recovery of kidney function over a two-week time course in spiny
mice was quite surprising to us,” Okamura says. "The types of severe injuries we used were
chosen because they produce a decisive and rapid loss of kidney function in mice and led to
complete organ failure over the same two-week period."

To find out how the spiny mice do it, the researchers took a comprehensive look at the genes
they express. Their studies suggest that the spiny mouse genome is poised at the time of injury
to launch a rapid, scarless regenerative response in surviving kidney cells. The analysis
uncovered differences between Acomys and Mus in the activity of 843 genes in six unique
clusters.
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They also saw a delayed response by immune cells called macrophages, which are known to
play a role in fibrosis. Unlike in other mice, macrophages didn't appear on the scene for about a
week.

"We have opened a new window on the development of possible therapies for chronic kidney
disease, that may perhaps apply to other organs that similarly exhibit loss of function due to
progressive tissue fibrosis," Majesky says.

"Our goal is to learn what nature has done in evolving a mammalian genome that heals tissue
injury by regeneration without fibrotic scarring and apply the lessons learned to the development
of new therapies for kidney disease," Okamura adds.

Story Source:

Materials provided by Cell Press. Note: Content may be edited for style and length.
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Amy Tran, Jill Olson, Xiaogang Shi, Szu-Ying Yeh, Adrian Piliponsky, Sarah J. Collins,
Elizabeth D. Nguyen, Andrew E. Timms, James W. MacDonald, Theo K. Bammler,
Branden R. Nelson, Kathleen J. Millen, David R. Beier, Mark W. Majesky. Spiny mice
activate unique transcriptional programs after severe kidney injury regenerating
organ function without fibrosis. iScience, 2021; 103269
DOI: 10.1016/j.isci.2021.103269
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Reversing new-onset type 1 diabetes with
amid-like DNA: Mouse study

Date:

November 10, 2021
Source:

American Chemical Society
Summary:

Usually diagnosed in children, teens and young adults, type 1 diabetes is an autoimmune
disease in which the immune system attacks and destroys insulin-secreting beta-cells in
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the pancreas. As a result, people with type 1 diabetes can't regulate their blood sugar
levels and require insulin treatment for survival. Now, researchers have reversed new-
onset type 1 diabetes in mice with pyramid-like DNA molecules called tetrahedral
framework nucleic acids (tFNAS).

FULL STORY

Usually diagnosed in children, teens and young adults, type 1 diabetes is
an autoimmune disease in which the immune system attacks and destroys
insulin-secreting B-cells in the pancreas. As a result, people with type 1
diabetes can't regulate their blood sugar levels and require insulin
treatment for survival. Now, researchers reporting in ACS Applied Materials
& Interfaces have reversed new-onset type 1 diabetes in mice with
pyramid-like DNA molecules called tetrahedral framework nucleic acids
(tFNAS).

About 64,000 people in the U.S. are diagnosed with type 1 diabetes each year, according to the
Juvenile Diabetes Research Foundation. There is no cure for the disease, and to manage
symptoms, people must measure their blood sugar levels throughout the day and administer
insulin through an injection or pump. Although scientists still don't know exactly what causes the
body to turn against itself and attack insulin-secreting cells, people with type 1 diabetes have
fewer regulatory T cells (Tregs) -- immune cells that suppress the differentiation and activation of
other, self-attacking T cells. In a recent study published in ACS' Nano Letters, Yunfeng Lin and
colleagues showed that treating mice with tFNAs could prevent type 1 diabetes, in part by
increasing Treg numbers. Originally designed to carry other therapeutic molecules into cells,
tFNAs have recently been shown to modulate the immune system on their own. Now, the
researchers wanted to find out if these molecules could reverse new-onset type 1 diabetes,
before pancreatic B-cells were completely destroyed.

The researchers made tFNAs from four single-stranded DNA segments that self-assembled into
pyramid-like shapes, called tetrahedrons. But whereas a pyramid is square at its base,
tetrahedrons are triangular. Then, every other day for 4 weeks, they injected the tFNAs into 10
mice with new-onset type 1 diabetes, while 10 other diabetic mice were injected with saline. In
the control mice, blood glucose levels continued to rise, and 60% of the mice died during the 12-
week follow-up period. In contrast, blood glucose levels in mice treated with tFNAs went down to
normal levels, and none of the rodents died. In a further analysis of the tFNA-treated mice, the
team found that pancreatic -cells were protected, and Tregs were restored to normal levels,
while auto-reactive T cells decreased in the pancreas. Although the findings still need to be
verified in people, tFNAs are one of the most promising candidates for type 1 diabetes
immunotherapy, the researchers say.

Story Source:

Materials provided by American Chemical Society. Note: Content may be edited for style and
length.
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Research in mice shows how diet alters
immune system function through a gut
microbe
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The cliché “you are what you eat” has been used for hundreds of years to illustrate the link
between diet and health. Now, an international team of researchers has found the
molecular proof of this concept, demonstrating how diet ultimately affects immunity
through the gut microbiome.

The work, conducted in mice, reveals that what animals consume initiates the release of a
metabolic byproduct from a specific gut microbe that, in turn, modulates the animals’ gut
immunity.

The findings, published Nov.10 in Nature, offer a unifying explanation for the complex
interplay between diet, gut microbiota, and immune function. They are the result of
collaboration among scientists at Harvard Medical School, Brigham and Women'’s Hospital,
Seoul National University, and Monash University in Australia.

The experiments pinpoint a microbial molecule, the synthesis and release of which are
influenced by host diet. That molecule, in turn, stimulates the activation and signaling of a
subset of cells known as natural killer (NK) T cells, which are involved in immune regulation
and implicated in a range of inflammatory conditions.

While scientists have surmised for a long time that diet plays a role in immune health, the
new study elucidates the precise molecular cascade behind this interplay, said study senior
author Dennis Kasper, professor of immunology in the Blavatnik Institute at Harvard
Medical School.

“We have shown how diet affects the immune system through a microbial mediator in the
gut, and this is a really striking example of the diet-microbiota-immunity triad at play,”
Kasper said. “What this work really does is provide a step-by-step pathway from beginning
to end that explains how and why this triad works and how diet ultimately affects the
immune system.”

If confirmed in larger animals and eventually in humans, the findings can help inform the
design of small-molecule treatments that enhance both intestinal and overall immunity, the
researchers said.

“Gut-resident microbes produce molecules with enormous structural diversity. We used
microbial and chemical tools to elucidate how these molecules are synthesized by gut
bacteria and how they act in the host gut,” said study first author Sungwhan Oh, a principal
investigator at the Center for Experimental Therapeutics and Reperfusion Injury at Brigham
and Women's Hospital and a former postdoctoral fellow in the Kasper lab.”Our findings yield
fascinating insights about the microbiome, diet, and immune function and provide
interesting clues about how molecules made by our inner neighbors can be used to design
therapies.”
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In a series of experiments, the team identified the immune-signaling cascade triggered by
the metabolic breakdown of dietary amino acids in the mouse gut. This multistep pathway
begins with an animal consuming food that contains branched-chain amino acids, so named
for the tree branch-like structure of one of their molecular chains. The branched-chain
amino acids are then taken up by B. fragilis, a gut-resident microbe, and converted by a
specific enzyme into sugar-lipid molecules that also have branched chains. B. fragilis then
releases branched-chain molecules that are spotted and picked up by a class of immune-
signaling cells known as antigen-presenting cells, which in turn induce NKT cells to exercise
their immunoregulatory response through upregulating inflammation-controlling genes and
immune-regulatory chemicals.

Notably, the experiments demonstrated that it is the branching of the chain structure that
initiates the cascade. Straight-chain versions of the molecule did not yield the same

effect. Furthermore, the team found that B. fragilis alters the structure of the sugar-lipid
molecules that it metabolizes and renders them better capable of binding to receptors on
specificimmune cells and initiating a signaling cascade that culminates in downregulating
inflammation.

The work also showed that each of three different branched-chain amino acids consumed
by mice yielded slightly different structural changes to the bacterial lipid molecules,
resulting in different patterns of binding with immune cells.

Study coinvestigator Seung Bum Park, professor of chemistry at Seoul National University,

synthesized, and the Harvard team tested, 23 different configurations of the microbe-made
immunomodulatory molecule to determine how each one interacts with the immune cells
that regulate inflammation.

The Harvard team'’s experiments revealed that synthetic, lab-made branched-chain lipid
molecules induced NK T cells to release the immune-signaling chemical IL-2, whereas the
lab-made straight-chained versions of these molecules did not. Thus activated, the NK T
cells, in turn, induced the expression of genes that regulate immunity but not of genes that
drive inflammation.

Using a structural biology approach, Jamie Rossjohn, professor of biochemistry and

molecular biology at Monash Biomedicine Discovery Institute in Australia, elucidated how
the lipid structure engages with and binds to antigen presenting cells—the immune cells
that give NK T cells the go-ahead to produce anti-inflammatory chemicals.

In a final step, the researchers treated mice with ulcerative colitis with the branched-chain
sugar-lipid molecule. Animals that received treatment with the branched-chain molecule
fared much better than untreated animals. They not only gained weight, but when
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researchers examined the gut cells of the mice under a microscope, they observed that
these cells also had minimal signs of colon inflammation.

Taken together, the experiments provide a structural and molecular explanation of
previously observed anti-inflammatory effects of this class of sugar-lipids produced by the
gut microbe B. fragilis.

“This work offers a great example of transdisciplinary discovery-based research aimed at
answering a major question in biomedical sciences, namely, how the immune system can be
modulated by the interplay between diet and the microbiota,” Rossjohn said.

In 2014, Kasper and colleagues published a study showing that a sugar-lipid molecule
released by B. fragilis had anti-inflammatory effects on the gut and protected mice from
colitis, but the scientists did not know how these molecules were made by the microbe, nor
the specific structural features of the sugar-lipids that conferred the anti-inflammatory
effect. The current study answers this question demonstrating that the sugar-lipid
molecules made by this particular organism are branched-chain and it is precisely that
branched-chain structure that allows them to bind to immune cells in a way that dampens
these cells’ proinflammatory signaling.

“Our new work demonstrates that the branching of the lipid structure induces a very
different response—the branching in the structure induces an anti-inflammatory rather
than a proinflammatory response,” Kasper said.

The findings offer hope that inflammatory diseases mediated by these NK T cells could one
day be treated with inflammation-dampening microbial molecules made in the lab, the
researchers said.

The exact function of NK T cells—the immune cells that the microbe-made molecule
ultimately activates to control colonic inflammation in mice—is not well-understood, Kasper
said. However, given that these cells line the human gastrointestinal tract and the lungs and
are also found in the liver and spleen, they likely play a significant role in immune regulation.
Previous research points to these cells’ likely involvement in a range of inflammatory

conditions, including ulcerative colitis, and to a possible role in airway inflammatory
conditions such as asthma.

“We can never isolate enough of these immune-modulatory molecules from bacteria for
therapeutic use, but the beauty of this is now we can synthesize them in the lab,” Kasper
said. “The idea would be that we'd have a drug that can modulate inflammation in the colon
and beyond.”
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< HE X >New optical technology spotlights how memories move in mouse brains during sleep --
ScienceDaily

New optical technology spotlights how
memories move in mouse brains during sleep
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Kyoto University
Summary:

Scientists have used mouse brains to demonstrate a new neural-optic system to
manipulate memories. The technique hinders nerve activity -- known as long-term
potentiation or LTP -- which would otherwise consolidate memory during sleep. The
research team illuminates mouse brains to inhibit cofilin, a protein essential for LTP.
When the specific areas of the brain are irradiated twice, once immediately after the
mouse learns a task and then again during sleep after learning, memory is erased.

FULL STORY

When an important document lands on your desk, you might file it away for
safekeeping. The same thing happens with our memories: they first appear
In one part of the brain and then move to another for long-term storage in a
process known as memory consolidation.

Publishing in the journal Science, Kyoto University's Akihiro Goto uses mouse brains to
demonstrate a new neural-optic system to manipulate memories. The technique hinders nerve
activity -- known as long-term potentiation or LTP -- which would otherwise consolidate memory
during sleep.

LTP strengthens synapses through neural activity and is critical for memory formation. When and
where memories are formed in the brain can be determined by examining when and which cells
undergo LTP.

Drugs can disrupt LTP, but they have a general effect and are not good at targeting specific brain
regions at specific time points in memory consolidation.

Looking for inspiration, Goto turned to Hollywood.

"In Men in Black the agents erase memaories with a light flash. We did something similar,” he
says with a smile. His team uses light to deactivate proteins essential for LTP.

Switching the black suits and shades for white lab coats and safety goggles, co-author Yasunori
Hayashi's team illuminates mouse brains to inhibit cofilin, a protein essential for the synapse to
function.

Initially, the brains are injected with the adeno-associated virus or AAV, commonly used for gene
delivery, which then expresses a fused protein made from cofilin and fluorescent SuperNova.
When exposed to light, these proteins release reactive oxygen that deactivates nearby
compounds like cofilin.

The occurrence of LTP in the hippocampus, where memories are first stored, is significant. When
this area of the brain is irradiated, once immediately after the mouse learns a task and then again
during sleep after learning, the memory is lost.

"It was surprising that eliminating local LTP by targeted illumination clearly erased memory,"
Goto comments.

Hayashi believes that this new technology provides a method for isolating memory formation
both temporally and spatially in the brain at the cellular level.
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Synaptic abnormalities related to LTP are involved in memory and learning disorders like
Alzheimer's disease and also psychiatric diseases like schizophrenia. Hayashi concludes, "We
expect our method will lead to a range of treatments for mental disorders."”

Story Source:

Materials provided by Kyoto University. Note: Content may be edited for style and length.
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Nagai, Yasunori Hayashi. Stepwise synaptic plasticity events drive the early phase
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Rodents could be asymptomatic carriers of
SARS-like coronaviruses, study suggests
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Summary:

Some ancestral rodents likely had repeated infections with SARS-like coronaviruses,
leading them to acquire tolerance or resistance to the pathogens, according to new
research. This raises the possibility that modern rodents may be reservoirs of SARS-like
viruses, the researchers say.

FULL STORY

Some ancestral rodents likely had repeated infections with SARS-like
coronaviruses, leading them to acquire tolerance or resistance to the
pathogens,according to new research publishing Nov. 18 in PLOS
Computational Biology by Sean King and Mona Singh of Princeton
University. This raises the possibility that modern rodents may be
reservoirs of SARS-like viruses, the researchers say.

SARS-CoV-2, the virus that causes COVID-19 infection, is of zoonotic origin -- it jumped from a
non-human animal to humans. Previous research has shown that Chinese Horseshoe bats are a
host of numerous SARS-like viruses and tolerate these viruses without extreme symptoms.
Identifying other animals that have adapted tolerance mechanisms to coronaviruses is important
for awareness of potential viral reservoirs that can spread new pathogens to humans.

In the new research, King and Singh performed an evolutionary analysis, across mammalian
species, of the ACE2 receptors, used by SARS viruses to gain entry into mammalian cells.
Primates had highly conserved sequences of amino acids in the sites of the ACE2 receptor
known to bind SARS viruses. Rodents, however, had a greater diversity -- and an accelerated
rate of evolution -- in these spots. Overall, the results indicated that SARS-like infections have
not been evolutionary drivers in primate history, but that some rodent species have likely been
exposed to repeated SARS-like coronavirus infections for a considerable evolutionary period.

"Our study suggests that ancestral rodents may have had repeated infections with SARS-like
coronaviruses and have acquired some form of tolerance or resistance to SARS-like
coronaviruses as a result of these infections," the authors add. "This raises the tantalizing
possibility that some modern rodent species may be asymptomatic carriers of SARS-like
coronaviruses, including those that may not have been discovered yet."

Story Source:

Materials provided by PLOS. Note: Content may be edited for style and length.

Journal Reference:
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< X >How do we know we're tired? The PARP1 protein acts as an antenna, signaling the brain
that it's time to sleep and repair DNA -- ScienceDaily
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|[How do we know we're tired?

The PARP1 protein acts as an antenna, signaling the brain that it's time to sleep
and repair DNA

Date:
November 22, 2021
Source:
Bar-llan University
Summary:
Why do we need sleep? New research takes a step towards solving this mystery by
discovering a mechanism of sleep in zebrafish, with some supporting evidence in mice.
FULL STORY

Why do humans spend a third of their lives sleeping? Why do animals
sleep? Throughout evolution sleep has remained universal and essential to
all organisms with a nervous system, including invertebrates such as flies,
worms, and even jellyfish. Why animals sleep despite the continuous threat
of predators, and how sleep benefits the brain and single cells still remains
a mystery.

In a new study published in the journal Molecular Cell, researchers fromlisrael's Bar-llan
University have moved a step forward towards solving this mystery by discovering a mechanism
of sleep in zebrafish, with some supporting evidence in mice.

The study was led by Prof. Lior Appelbaum, of Bar-llan's Goodman Faculty of Life Sciences and
Gonda (Goldschmied) Multidisciplinary Brain Research Center, along with postdoctoral
researcher Dr. David Zada.

When we are awake, homeostatic sleep pressure (tiredness) builds up in the body. This pressure
increases the longer we stay awake and decreases during sleep, reaching a low after a full and
good night's sleep.

What causes homeostatic pressure to increase to a point that we feel we must go to sleep, and
what happens at night that reduces this pressure to such an extent that we are ready to start a
new day? During waking hours, DNA damage accumulates in neurons. This damage can be
caused by various elements, including UV light, neuronal activity, radiation, oxidative stress, and
enzymatic errors. During sleep and waking hours, repair systems within each cell correct DNA
breaks. However, DNA damage in neurons continues to accumulate during wakefulness, and
excessive DNA damage in the brain can reach dangerous levels that must be reduced. The
study revealed that a sleep recruit DNA repair system promotes efficient repair so that the day
can begin anew.
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In a series of experiments, the researchers sought to determine whether the buildup of DNA
damage could be the "driver" that triggers homeostatic pressure and the subsequent sleep state.
Using irradiation, pharmacology and optogenetics, they induced DNA damage in zebrafish to
examine how it affects their sleep. With their absolute transparency, nocturnal sleep, and a
simple brain that is similar to humans, zebrafish are a perfect organism in which to study this
phenomenon.

As DNA damage was increased, the need for sleep also increased. The experiment suggested
that at some point the accumulation of DNA damage reached a maximum threshold, and
increased sleep (homeostatic) pressure to such an extent that the urge to sleep was triggered
and the fish went to sleep. The ensuing sleep facilitated DNA repair, which resulted in reduced
DNA damage.

How many hours of sleep are sufficient?

There's nothing like a good night's sleep. After verifying that accumulated DNA damage is the
force that drives the sleep process, the researchers were eager to learn whether it's possible to
determine the minimum time zebrafish need to sleep in order to reduce sleep pressure and DNA
damage. Since, like humans, zebrafish are sensitive to light interruption, the dark period was
gradually decreased during the night. After measuring DNA damage and sleep, it was
determined that six hours of sleep per night is sufficient to reduce DNA damage. Astoundingly,
after less than six hours of sleep, DNA damage was not adequately reduced, and the zebrafish
continued to sleep even during daylight.

PARPL1 is an "antenna" that can signal it's time to sleep

What is the mechanism in the brain that tells us we need to sleep in order to facilitate efficient
DNA repair? The protein PARP1, which is part of the DNA damage repair system, is one of the
first to rapidly respond. PARP1 marks DNA damage sites in cells, and recruits all relevant
systems to clear out DNA damage. In accordance with DNA damage, clustering of PARP1 in
DNA break sites increases during wakefulness and decreases during sleep. Through genetic and
pharmacological manipulation, the overexpression and knockdown of PARP1 revealed not only
that increasing PARP1 promoted sleep, but also increased sleep-dependent repair. Conversely,
inhibition of PARP1 blocked the signal for DNA damage repair. As a result, the fish weren't fully
aware that they were tired, didn't go to sleep, and no DNA damage repair occurred.

To strengthen the findings on zebrafish, the role of PARP1 in regulating sleep was further tested
on mice, using EEG, in collaboration with Prof. Yuval Nir from Tel Aviv University. Just like with
zebrafish, the inhibition of PARP1 activity reduced the duration and quality of non-rapid eye
movement (NREM) sleep. "PARP1 pathways are capable of signaling the brain that it needs to
sleep in order for DNA repair to occur," says Prof. Appelbaum.

Solving the puzzle

In a previous study, Prof. Appelbaum and team used 3D time-lapse imaging to determine that
sleep increases chromosome dynamics. Adding the current piece to the puzzle, PARP1
increases sleep and chromosome dynamics, which facilitates efficient repair of DNA damage
accumulated during waking hours. The DNA maintenance process may not be efficient enough
during waking hours in neurons, and therefore requires an offline sleep period with reduced input
to the brain in order to occur.

These latest findings provide a detailed description of the "chain of events" explaining sleep on
the single-cell level. This mechanism may explain the link between sleep disturbances, aging and
neurodegenerative disorders, such as Parkinson's and Alzheimer's. Prof. Appelbaum believes
that future research will help to apply this sleep function to other animals ranging from lower
invertebrates to, eventually, humans.

Story Source:
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< F 3L > Latte lovers rejoice! Study reveals drinking | EurekAlert!

NEWS RELEASE 23-NOV-2021

Latte lovers rejoice! Study reveals drinking
coffee could lower the risk of Alzheimer’s
disease

Good news for those of us who can't face the day without their morning flat white: a long-
term study has revealed drinking higher amounts of coffee may make you less likely to
develop Alzheimer’s disease

Peer-Reviewed Publication
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Good news for those of us who can't face the day without their morning flat white: a long-
term study has revealed drinking higher amounts of coffee may make you less likely to
develop Alzheimer’s disease.

As part of the Australian Imaging, Biomarkers and Lifestyle Study of ageing, researchers
from Edith Cowan University (ECU) investigated whether coffee intake affected the rate of
cognitive decline of more than 200 Australians over a decade.

Lead investigator Dr Samantha Gardener said results showed an association between coffee
and several important markers related to Alzheimer’s disease.

“We found participants with no memory impairments and with higher coffee

consumption at the start of the study had lower risk of transitioning to mild cognitive
impairment - which often precedes Alzheimer’s disease - or developing Alzheimer's disease
over the course of the study,” she said.

Drinking more coffee gave positive results in relation to certain domains of cognitive
function, specifically executive function which includes planning, self-control, and attention.

Higher coffee intake also seemed to be linked to slowing the accumulation
of the amyloid protein in the brain, a key factor in the development of Alzheimer’s disease.
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Dr Gardener said although further research was needed, the study was encouraging as it
indicated drinking coffee could be an easy way to help delay the onset of
Alzheimer’s disease.

“It's a simple thing that people can change,” she said.

“It could be particularly useful for people who are at risk of cognitive decline but haven't
developed any symptoms.

“We might be able to develop some clear guidelines people can follow in middle
age and hopefully it could then have a lasting effect.”

Make it a double

If you only allow yourself one cup of coffee a day, the study indicates you might be better
off treating yourself to an extra cup, although a maximum number of cups per day that
provided a beneficial effect was not able to be established from the current study.

“If the average cup of coffee made at home is 240g, increasing to two cups a day could
potentially lower cognitive decline by eight per cent after 18 months,” Dr Gardener said.

“It could also see a five per cent decrease in amyloid accumulation in the brain over the
same time period.”

In Alzheimer’s disease, the amyloid clumps together forming plaques which are toxic to the
brain.

The study was unable to differentiate between caffeinated and de-caffeinated coffee, nor
the benefits or consequences of how it was prepared (brewing method, the presence of milk
and/or sugar etc).

Dr Gardener said the relationship between coffee and brain function was worth pursuing.

“We need to evaluate whether coffee intake could one day be recommended as a lifestyle
factor aimed at delaying the onset of Alzheimer's disease,” she said.

More than just caffeine

Researchers are yet to determine precisely which constituents of coffee are behind its
seemingly positive effects on brain health.

Though caffeine has been linked to the results, preliminary research shows it may not be
the sole contributor to potentially delaying Alzheimer’s disease.
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“Crude caffeine” is the by-product of de-caffeinating coffee and has been shown to be as
effective in partially preventing memory impairment in mice, while other coffee components
such as cafestol, kahweol and Eicosanoyl-5-hydroxytryptamide have also been seen to affect
cognitive impairment in animals in various studies.

‘Higher Coffee Consumption Is Associated With Slower Cognitive Decline and Less Cerebral
AB-Amyloid Accumulation Over 126 Months: Data From the Australian Imaging, Biomarkers,
and Lifestyle Study’ was published in Frontiers of Ageing Neuroscience.
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