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FDA Approves Otsuka and Lundbeck’s ABILIFY ASIMTUFII® (aripiprazole), the First Once-Every-Two-
Months Long-acting Injectable (LAI) for the Treatment of Schizophrenia or Maintenance Monotherapy
Treatment of Bipolar | Disorder in Adults | Business Wire
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Astellas to Buy Eye-Drug Maker Iveric Bio for $5.9 Billion (msn.com)
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https://www.fiercebiotech.com/biotech/takeda-confirms-fallout-gene-therapy-rd-refocus-186-
redundancies
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https://www.reuters.com/business/healthcare-pharmaceuticals/us-fda-approves-astellas-pharmas-
therapy-menopause-related-symptoms-2023-05-12/
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https://www.statnews.com/2023/o5/16/astrazeneca-leaves-phrma/
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ReNAgade Therapeutics Launches with over $300 Million in Series A Financing To Unlock the Limitless
Potential of RNA Medicine | Business Wire
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FDA Approves New Buprenorphine Treatment Option for Opioid Use Disorder (prnewswire.com)
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Akebia Therapeutics Enters into License Agreement with Medice Arzneimittel PUtter GmbH&Co.KG
for the Commercialization of Vafseo® for the Treatment of Anemia associated with CKD in Europe and
Australia | Akebia Therapeutics
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Stress increases Alzheimer's risk in female
mice but not males

Alzheimer's proteins rise sharply in response to stress in female mice

Date:
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May 2, 2023
Source:

Washington University School of Medicine
Summary:

Stress causes the levels of Alzheimer's proteins to rise in females' brains but not males'
brains, according to a new study. This difference may contribute to women's greater risk
of developing Alzheimer's disease.

FULL STORY

Women are about twice as likely as men to be diagnosed with Alzheimer's
disease. Some of that is age; in the U.S., women outlive men by five to six
years, and advanced age is the strongest risk factor for Alzheimer's. But
there's more to it than that, so Alzheimer's researchers continue to look for
other reasons why women have an elevated risk of the deadly
neurodegenerative disease.

Stress may be one such reason. A study by researchers at Washington University School of
Medicine in St. Louis shows that the effect stress has on the brain differs by sex, at least in mice.
In stressful situations, levels of the Alzheimer's protein amyloid beta rises sharply in the brains of
females but not males. In addition, the researchers identified a molecular pathway that is active
in brain cells from female mice but not male mice, and showed that it accounts for the divergent
responses to stress.

The findings, published May 2 in Brain, add to a growing collection of evidence that sex matters
in health and disease. From cancer to heart disease to arthritis, scientists have found differences
between males and females that could potentially affect how men and women respond to efforts
to prevent or treat chronic diseases.

"How women respond to stress versus how men respond to stress is an important area of
research that has implications for not just Alzheimer's disease but other conditions, too," said co-
corresponding author Carla M. Yuede, PhD, an associate professor of psychiatry. "In recent
years, the National Institutes of Health (NIH) has prioritized understanding sex differences in
medicine. Stress is one area in which you can clearly see a difference between males and
females. This study shows that reducing stress may be more beneficial for women than men, in
terms of lowering the risk of Alzheimer's disease."

Stress falls into the category of socioeconomic risk factors, along with factors such as depression
and social isolation, that together account for an estimated 8% of the risk of developing
Alzheimer's. That risk calculation, however, doesn't take gender into account. Women
consistently report higher levels of stress than men, and stress affects women's bodies differently
than men's in many ways, such as cardiovascular health, immune responses and other issues.

Corresponding author John Cirrito, PhD, an associate professor of neurology; Yuede; and first
author Hannah Edwards, a graduate student in Cirrito's lab, reasoned that stress also may affect
women's brains differently than men's, and these differences may help explain the sex imbalance
in Alzheimer's disease.

To find out, they measured levels of amyloid beta -- a key Alzheimer's protein -- in the brains of
mice every hour for 22 hours, beginning eight hours before the mice experienced stress. The



experience was equally stressful for male and female mice, as measured by the levels of stress
hormones in their blood. But the responses in their brains were not the same.

In female mice, amyloid beta levels rose significantly within the first two hours and stayed
elevated through the end of the monitoring period. In male mice, brain amyloid levels did not
change overall, although about 20% of them did show a delayed and weak rise in amyloid levels.

Further experiments revealed that the difference comes down to a cellular stress response
pathway in brain cells. Stress causes the release of a hormone known as corticotropin releasing
factor. Neurons from female rodents take up the stress hormone, triggering a cascade of events
that results in increasing levels of amyloid beta in the brain. In contrast, neurons from male
rodents lack the ability to take up the stress hormone. It is not known whether there are similar
sex differences in how human neurons take up stress hormones.

"There's a fundamental biological difference between males and females in how they respond to
stress at the cellular level, in both mice and people,” Cirrito said. "We don't think that stress is the
sole factor driving the sex difference in Alzheimer's disease. There are many other differences
between men and women -- in hormones, lifestyle, other diseases they have -- that undoubtedly
contribute in some way. But that stress is driving one aspect of this sex difference | think is very
likely."

Story Source:

Materials provided by Washington University School of Medicine. Original written by Tamara
Bhandari. Note: Content may be edited for style and length.
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The feeling of hunger itself may slow aging in
flies

Date:

May 11, 2023
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Source:
Michigan Medicine - University of Michigan
Summary:

While it has been long understood that limiting the amount of food eaten can promote
healthy aging in a wide range of animals, including humans, a new study has revealed
that the feeling of hunger itself may be enough to slow aging.

FULL STORY

From low-carb to intermittent fasting, surgery to Ozempic -- people turn to a
seemingly never-ending array of diets, procedures and drugs to lose
weight. While it has been long understood that limiting the amount of food
eaten can promote healthy aging in a wide range of animals, including
humans, a new study from University of Michigan has revealed that the
feeling of hunger itself may be enough to slow aging.

Previous research has demonstrated that even the taste and smell of food can reverse the
beneficial, life-extending effects of diet restriction, even without its consumption.

These intriguing findings drove first author Kristy Weaver, Ph.D., principal investigator Scott
Pletcher, Ph.D., and their colleagues to examine whether changes in the brain that prompt the
drive to seek food could be behind longer life.

"We've sort of divorced [the life extending effects of diet restriction] from all of the nutritional
manipulations of the diet that researchers had worked on for many years to say they're not
required," said Pletcher. "The perception of not enough food is sufficient."

To do this, they induced hunger in flies in several ways. The first was to alter the amount of
branched-chain amino acids, or BCAAs, in a test snack food and later allow the flies to freely
feed on a buffet of yeast or sugar food. Flies fed the low-BCAA snack consumed more yeast than
sugar in the buffet than did the flies fed the high-BCAA snack. This kind of preference for yeast
over sugar is one indicator of need-based hunger.

The researchers noted that this behavior wasn't due to the calorie content of the low-BCAA
snack; in fact, these flies consumed more food and more total calories. When flies ate a low-
BCAA diet for life, they also lived significantly longer than flies fed high-BCAA diets.

To look at hunger apart from dietary composition, they used a unique technique, activating
neurons associated with the hunger drive in flies using exposure to red light, using a technique
called optogenetics. These flies consumed twice as much food than did flies who were not
exposed to the light stimulus. The red-light activated flies also lived significantly longer than flies
used as a control.

"We think we've created a type of insatiable hunger in flies," said Weaver. "And by doing so, the
flies lived longer."

What's more, the team was able to map the molecular mechanics of hunger to changes in the
epigenome of the neurons involved -- and to identify that neurons responded to the presence or
absence of a specific amino acid in the diet. These changes can affect how much of specific
genes are expressed in the brains of flies and, consequently, their feeding behavior and aging.



The authors note that caution should be used before applying the findings to people, but "there's

every reason to expect that the mechanisms discovered are likely to modulate hunger drives in
other species."

They next plan to examine how the drive to eat for pleasure, present in both flies and people,
may also be linked to lifespan.

Story Source:

Materials provided by Michigan Medicine - University of Michigan. Original written by Kelly
Malcom. Note: Content may be edited for style and length.
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Researchers pinpoint brain cells that drive
appetite in obesity

Date:
May 17, 2023
Source:

Garvan Institute of Medical Research
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Summary:

A group of brain cells discovered by researchers reveals a potential new approach to
anti-obesity treatment.

FULL STORY

A team at the Garvan Institute of Medical Research has discovered a group
of brain cells that boosts appetite when there is a prolonged surplus of
energy in the body, such as excess fat accumulation in obesity.

The researchers discovered that these cells not only produced the appetite-stimulating molecule
NPY, but they in fact made the brain more sensitive to the molecule, boosting appetite even
more.

"These cells kickstart changes in the brain that make it more sensitive to even low levels of NPY
when there is a surplus of energy in the body in the form of excess fat -- driving appetite during
obesity," explains Professor Herbert Herzog, senior author of the study and Visiting Scientist at
Garvan.

"Our study addresses a long-standing question about how appetite is controlled in obesity and
has the potential to take the development of therapy into a new direction."

The research was published in the journal Cell Metabolism.
The discovery of a vicious cycle

Obesity is a major public health issue and a disease that affects more than one in 10 adults and
increases a person's risk of developing other chronic conditions, such as diabetes or heart
disease. While many factors can influence the development of obesity -- an excessive
accumulation of fat tissue in the body -- eating patterns and physical activity levels are key
contributors.

"Our brain has intricate mechanisms that sense how much energy is stored in our body and
adjust our appetite accordingly. One way it does this is through the molecule NPY, which the
brain produces naturally in response to stresses, such as hunger, to stimulate eating," says
Professor Herzog.

"When the energy we consume falls short of the energy we spend, our brain produces higher
levels of NPY. When our energy intake exceeds our expenditure, NPY levels drop and we feel
less hungry. However, when there is a prolonged energy surplus, such as excess body fat in
obesity, NPY continues to drive appetite even at low levels. We wanted to understand why."

In mouse models of obesity, the researchers investigated cells in the brain called neurons that
produced NPY and discovered that surprisingly, 15% of them were different -- they did not shut
down NPY production during obesity.

"We found that under obese conditions, appetite was mostly driven by NPY produced by this
subset of neurons. These cells did not only produce NPY, but also sensitised other parts of the
brain to produce additional receptors or ‘docking stations' for the molecule -- supercharging
appetite even further," says Professor Herzog.

"What we have uncovered is a vicious cycle that disrupts the body's ability to balance its energy
input with energy storage and enhances obesity development."”

Wired to resist weight loss



"Our brain is wired to resist energy deficiency or weight loss, as it sees this as a threat to our
survival and kickstarts mechanisms that increase our appetite so that we seek out food. As we
found now, this even occurs when we have excess energy stored in the body," Professor Herzog
explains.

The researchers say their discovery opens the possibility of blocking the additional, more
sensitised receptors for NPY as a new approach to developing anti-obesity medication.

"Our discovery helps us better understand the mechanisms in the brain that interfere with a
balanced energy metabolism and how they may be targeted to improve health," says Professor
Herzog.

Story Source:

Materials provided by Garvan Institute of Medical Research. Note: Content may be edited for
style and length.

Journal Reference:
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Study finds cancer cells use a new fuel in
absence of sugar
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Researchers at the University of Michigan Rogel Cancer Center have discovered a
new nutrient source that pancreatic cancer cells use to grow. The molecule, uridine,
offers insight into both biochemical processes and possible therapeutic pathways.

The findings, published in Nature, show that cancer cells can adapt when they don't
have access to glucose. Researchers have previously identified other nutrients that
serve as fuel sources for pancreatic cancer; this study adds uridine to the catalog.

Pancreatic tumors have few functioning blood vessels and can't easily access
nutrients that come from the bloodstream, like glucose. Costas Lyssiotis, Ph.D.,
Maisel Research Professor of Oncology and lead investigator of the study, explained
that without the right nutrients, the cancer cells get hungry. "We know they still grow,
obviously, but what are they using to grow?" he said. "These findings show that,
under certain circumstances, uridine is one of those fuels."

Asked about the impact, Zeribe Nwosu, Ph.D., one of the co-first authors in the study,
says "the ability of cancer to switch to alternative nutrients has fascinated me for a
long time. Blocking such compensatory switches could lead us to new treatments
and that's the door we hope this study will open."

Uridine is present in the tumor microenvironment, but its exact source, and how
cancer cells access it, remains a mystery. "Part of the picture is it's in the
bloodstream, but we don't know where it's coming from specifically," said Lyssiotis.
"Likely, it's coming from multiple places, and so far we haven't been able to pinitto a
single source."
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Events that Lyssiotis refers to as "times of crisis"—when cells don't have enough
nutrients, because of limited blood access and/or intense competition between
cells—could be a clue as to why, and where, cells turn to uridine. "The cancer cells
seem to be sensing the concentrations of glucose and uridine in the local
environment to inform their adaptation,” says Matt Ward, another co-first author.
Lyssiotis' team recognize this unknown regulatory process, as well as a cancer-
promoting mutation in the KRAS gene, which is common in pancreatic cancer, as
two ways that cancer cells control their usage of uridine.

Lyssiotis and his team have been working on this research for nearly a decade
alongside their collaborators in the Sadanandam lab at the Institute for Cancer
Research in London. They used a technology that screens hundreds of different
nutrients to see which ones support pancreatic cancer growth. Typically, researchers
look at standard nutrients like sugar, protein and fat, but Lyssiotis's team took an
unbiased approach.

"We used a large panel with over 20 pancreatic cell lines and around 200 different
nutrients to assess different ways pancreatic cancer cells grow," he explained. "What
do they actually metabolize? This method led us to discover uridine."

This method offers therapeutic insight, too. The findings showed that uridine is
metabolized by the enzyme uridine phoshorylase-1, or UPP1. Blocking UPP1 had a
major impact on the growth of pancreatic tumors in mice, findings that suggest the
importance of testing drugs that block uridine as possible new treatment options.

"There's potential to better understand and treat pancreatic cancer with new drug
targets and new therapeutic approaches," said Sadanandam, co-author on the study.

More research is needed to determine the best way to move this discovery to the
clinic.

More information: Zeribe C. Nwosu et al, Uridine-derived ribose fuels glucose-
restricted pancreatic cancer, Nature (2023). DOI: 10.1038/s41586-023-06073-w

Journal information: Nature
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NEWS RELEASE 22-MAY-2023

Study may explain why high-sugar diets can
worsen IBD
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Excess sugar hampers cells that renew the colon’s lining in a mouse model of inflammatory
bowel disease (IBD), according to a new study by University of Pittsburgh scientists.

The findings, published in Cellular and Molecular Gastroenterology and Hepatology, could help
get to the bottom of why limiting sugary foods can ease symptoms for patients with IBD.

“The prevalence of IBD is rising around the world, and it's rising the fastest in cultures with
industrialized, urban lifestyles, which typically have diets high in sugar,” said senior author
Timothy Hand, Ph.D., associate professor of pediatrics and immunology at Pitt's School of
Medicine and UPMC Children’s Hospital of Pittsburgh. “Too much sugar isn't good for a
variety of reasons, and our study adds to that evidence by showing how sugar may be
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harmful to the gut. For patients with IBD, high-density sugar — found in things like soda and
candy — might be something to stay away from.”

Led by Ansen Burr, Ph.D., a student in Pitt's Medical Scientist Training Program, the
researchers started by feeding mice either a standard or high-sugar diet. Then they
mimicked symptoms of IBD by treating the animals with a chemical called DSS that causes
damage to the colon.

To their shock, all the mice on the high-sugar diet died within nine days. In contrast, all the
animals on the standard diet survived until the end of the 14-day experiment.

To learn what made sugar so deadly in mice with IBD symptoms, the team looked at the
animals’ colons. Also known as the large intestine, the colon is lined with a layer of epithelial
cells that are arranged in finger-like projections called crypts. In a healthy colon, these cells
are continually replenished by dividing stem cells at the bottom of each crypt.

“The colon epithelium is like a conveyor belt,” said Hand, who is also director of Pitt's
Gnotobiotic Animal Core Laboratory. “It takes five days for cells to travel through the circuit
from the bottom to the top of the crypt, where they are shed into the colon and defecated
out. You essentially make a whole new colon every five days.”

When mice on the high-sugar diet were given DSS, that circuit collapsed, said Hand. In some
of the animals, the protective layer of epithelial cells was completely lost, causing the colon
to be full of blood and immune cells.

Unexpectedly, a high-sugar diet was similarly lethal in germ-free mice treated with DSS,
showing that sugar affects the colon directly and is not dependent on the gut microbiome as
the researchers had predicted.

Next, the team tested how sugar affected mouse and human colonoids, poppy seed-sized
miniature intestines that can be grown in a lab dish. As concentrations of glucose, sucrose
or fructose increased, fewer colonoids developed and they grew slower, evidence that sugar
impaired cell division.

“We found that stem cells were dividing much more slowly in the presence of sugar — likely
too slow to repair damage to the colon,” said Hand. “The other strange thing we noticed was
that the metabolism of the cells was different. These cells usually prefer to use fatty acids,

but after being grown in high-sugar conditions, they seemed to get locked into using sugar.”

In sugary conditions, the cells had vastly altered metabolic pathways, and they produced
lower levels of ATP, the energy-providing molecule that drives cellular processes. The
researchers suspect that this rewiring of cellular pathways inhibits the capacity of stem cells
to divide, slowing renewal of the colon lining and accelerating gut damage in IBD.



According to Hand, these findings could help explain other research that has linked
sweetened beverages, including sodas, soft drinks and juices, to negative outcomes in IBD

patients.

“If you eat an apple or an orange, you're eating a lot of sugar, but that sugar is tied up in the
fruit's cells, so it takes a long time to digest and open up those cells to get the sugar,” said
Hand. “Whereas if you drink a soda, the sugar is available almost the second it hits your
intestine, and it's easy to drink a huge amount of sugar in a very short time. Our research
suggests that consuming high levels of sugar could have negative outcomes for repairing
the colon in patients with inflammatory bowel disease.”

Hand said that future research, done in in collaboration with coauthor Semir Beyaz, Ph.D.,
assistant professor at Cold Spring Harbor Laboratory, will focus on understanding how diet
and immune response can affect IBD.

“I think that we need to investigate more deeply what diets are going to benefit patients who
have intestinal damage, whether that be from IBD or from radiation therapy to treat colon
cancer,” said Hand. “It's about a nutraceutical approach to colon damage, or the idea of
finding the right diet for a particular patient.”

Other authors on the study were Junyi Ji, B.Med., of Tsinghua University; Kadir Ozler, B.S.,
Onur Eskiocak, B.S., and Brian Yueh, B.S., of Cold Spring Harbor Laboratory; and Heather L.
Mentrup, Ph.D., Rachel Cumberland, B.A., Ashley V. Menk, B.S., Natalie Rittenhouse, B.S.,
Chris W. Marshall, Ph.D., Pailin Chiaranunt, B.S., Xiaoyi Zhang, M.D., Ph.D., Lauren Mullinax,
M.D., Abigail Overacre-Delgoffe, Ph.D., Vaughn S. Cooper, Ph.D., Amanda C. Poholek, Ph.D.,
Greg M. Delgoffe, Ph.D., and Kevin P. Mollen, M.D., all of Pitt or UPMC.

This work was supported by the Richard King Mellon Institute for Pediatric Research, the
National Institutes of Health (T32A1089443-10), the Damon Runyon Cancer Research
Foundation (2360-19), the Kenneth Rainin Foundation and the Cancer Center Support Grant
(5P30CA045508).
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Breaking through bacterial barriers in chronic
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Summary:

Using a new strategy, researchers were able to reduce the challenging MRSA infection in
the wounds of diabetic mice by 94%. They were able to completely sterilize the wounds
in several of the mice, and the rest had significantly reduced bacterial burden.
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https://www.sciencedaily.com/releases/2023/05/230522131317.htm

Chronic wounds are open sores or injured tissue that fail to heal properly.
These types of wounds are notoriously challenging to treat because of
bacterial infections like Staphylococcus aureus, or S. aureus. Additionally,
bacterial infections that are highly resistant to antibiotics, such as
methicillin-resistant S. aureus (MRSA), are one of the main causes of life-
threatening infections in hospital patients.

To defend itself from our immune system and other threats, S. aureus can band together,
creating a slick, slimy forcefield -- or biofilm -- around itself. The biofilm barrier is so thick that
neither immune cells nor antibiotics can penetrate through and neutralize the harmful bacteria.

Researchers at the UNC School of Medicine and the UNC-NC State Joint Department of
Biomedical Engineering have developed a new method that combines palmitoleic acid,
gentamicin, and non-invasive ultrasound to help improve drug delivery in chronic wounds that
have been infected with S. aureus.

Using their new strategy, researchers were able to reduce the challenging MRSA infection in the
wounds of diabetic mice by 94%. They were able to completely sterilize the wounds in several of
the mice, and the rest had significantly reduced bacterial burden. Their results were published

in Cell Chemical Biology.

"When bacteria are not completely cleared from chronic wounds, it puts the patient at high risk
for the infection recurring or of developing a secondary infection,” said senior author Sarah
Rowe-Conlon, PhD, a research associate professor in the Department of Microbiology and
Immunology. "This therapeutic strategy has the potential to improve outcomes and reduce
relapse of chronic wound infections in patients. We are excited about the potential of translating
this to the clinic, and that's what we're exploring right now."

Biofilms act as a physical barrier to many classes of antibiotics. Virginie Papadopoulou, PhD, a
research assistant professor in the UNC-NCSU Joint Department of Biomedical Engineering,
was curious to know if non-invasive cavitation-enhanced ultrasound could create enough
agitation to form open spaces in the biofilm to facilitate drug-delivery.

Liguid droplets which can be activated by ultrasound, called phase change contrast agent
(PCCA), are applied topically to the wound. An ultrasound transducer is focused on the wound
and turned on, causing the liquid inside the droplets to expand and turn into microscopic gas-
filled microbubbles, when then move rapidly.

The oscillation of these microbubbles agitates the biofilm, both mechanically disrupting it as well
as increasing fluid flow. Ultimately, the combination of the biofilm disruption and the increased
permeation of the drugs through the biofilm allowed the drugs to come in and kill the bacterial
biofilm with very high efficiency.

"Microbubbles and phase change contrast agents act as local amplifiers of ultrasound energy,
allowing us to precisely target wounds and areas of the body to achieve therapeutic outcomes
not possible with standard ultrasound," said Dayton, the William R. Kenan Jr. Distinguished
Professor and Department Chair of the UNC-NCSU Joint Department of Biomedical Engineering.
"We hope to be able to use similar technologies to locally delivery chemotherapeutics to
stubborn tumors or drive new genetic material into damaged cells as well."

When the bacterial cells are trapped inside the biofilm, they are left with little access to nutrients
and oxygen. To conserve their resources and energy, they transition into a dormant or sleepy
state. The bacteria, which are known as persister cells in this state, are extremely resistant to
antibiotics.



Researchers chose gentamicin, a topical antibiotic typically ineffective against S. aureus due to
widespread antibiotic resistance and poor activity against persister cells. The researchers also
introduced a novel antibiotic adjuvant, palmitoleic acid, to their models.

Palmitoleic acid, an unsaturated fatty acid, is a natural product of the human body that has strong
antibacterial properties. The fatty acid embeds itself into the membrane of bacterial cells, and the
authors discovered that it facilitates the antibiotic's successful entry into S. aureus cells and is
able to kill persister cells and reverse antibiotic resistance.

Overall, the team is enthusiastic about the new topical, non-invasive approach because it may
give scientists and doctors more tools to combat antibiotic resistance and to lessen the serious
adverse effects of taking oral antibiotics.

"Systemic antibiotics, such as oral or IV, work very well, but there's often a large risk associated
with them such as toxicity, wiping out gut microflora and C. difficile infection," said Rowe-Conlon.
"Using this system, we are able to make topical drugs work and they can be applied to the site of
infection at very high concentrations, without the risks associated with systemic delivery."

Story Source:

Materials provided by University of North Carolina Health Care. Note: Content may be edited
for style and length.

Journal Reference:

1. Virginie Papadopoulou, Ashelyn E. Sidders, Kuan-Yi Lu, Amanda Z. Velez, Phillip G.
Durham, Duyen T. Bui, Michelle Angeles-Solano, Paul A. Dayton, Sarah E.
Rowe. Overcoming biological barriers to improve treatment of a Staphylococcus
aureus wound infection. Cell Chemical Biology, 2023; 30 (5): 513
DOI: 10.1016/j.chembiol.2023.04.009
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NEWS RELEASE 25-MAY-2023

Running throughout middle age keeps ‘old’
adult-born neurons ‘wired’

‘Mice on the run:’ study reveals how exercise helps maintain memory function during aging

Peer-Reviewed Publication

FLORIDA ATLANTIC UNIVERSITY
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IMAGE: LONG-TERM RUNNING SUBSTANTIALLY MODIFIES THE NETWORK OF THE NEURONS GENERATED IN
YOUNG ADULT MICE UPON MIDDLE-AGE. IMPORTANTLY, EXERCISE INCREASES INPUT FROM HIPPOCAMPAL
INTERNEURONS (RED CELLS) ONTO ‘OLD’ ADULT-BORN NEURONS. THESE INTERNEURONS MAY PLAY AROLE
IN REDUCING AGING-RELATED HYPEREXCITABILITY OF THE HIPPOCAMPUS AND THEREBY BENEFIT MEMORY

FUNCTION. view more

Aging often is accompanied by cognitive decline. Among the first structures of the brain affected are
the hippocampus and adjacent cortices, areas essential for learning and memory. Deficits in cognitive
ability are associated with reduced hippocampal volume and degradation of synaptic connectivity

between the hippocampus and the (peri)—entorhinal cortex.

Increasing evidence indicates that physical activity can delay or prevent these structural and

functional reductions in older adults. A new study by Florida Atlantic University and CINVESTAYV,

Mexico City, Mexico, provides novel insight into the benefits of exercise, which should motivate adults

to keep moving throughout their lifetime, especially during middle age.
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https://www.eurekalert.org/multimedia/986329
https://www.eurekalert.org/multimedia/986329
https://www.fau.edu/
https://www.cinvestav.mx/
https://www.eurekalert.org/multimedia/986329

For the study, researchers focused on the effects of long—term running on a network of new
hippocampal neurons that were generated in young adult mice, at middle age. These “mice on the run”
demonstrate that running throughout middle age keeps old adult—born neurons wired, which may

prevent or delay aging—related memory loss and neurodegeneration.

Adult—born neurons are thought to contribute to hippocampus—dependent memory function and are
believed to be temporarily important, during the so—called ‘critical period’ at about three to six weeks
of cell age, when they can fleetingly display increased synaptic plasticity. However, these new neurons
do remain present for many months, but it was unclear whether those born in early adulthood remain
integrated into neural networks and whether their circuitry is modifiable by physical activity in middle

age.

To address these questions, researchers used a unique rabies virus—based circuit tracing approach
with a long—time interval between the initial labeling of new neurons and subsequent analysis of their
neural circuitry in rodents. More than six months after tagging of the adult—born neurons with a
fluorescent reporter vector, they identified and quantified the direct afferent inputs to these adult—

born neurons within the hippocampus and (sub)cortical areas, when the mice were middle—aged.

Results of the study, published in the journal eNeuro, show long—term running wires ‘old’ new
neurons, born during early adulthood, into a network that is relevant to the maintenance of episodic

memory encoding during aging.

“Long—term exercise profoundly benefits the aging brain and may prevent aging—related memory
function decline by increasing the survival and modifying the network of the adult—born neurons born
during early adulthood, and thereby facilitating their participation in cognitive processes,”

said Henriette van Praag, Ph.D., corresponding author, an associate professor of biomedical science in

FAU’ s Schmidt College of Medicine and a member of the FAU Stiles—Nicholson Brain Institute.

Findings from the study showed long—term running significantly increased the number of adult—born

neurons and enhanced the recruitment of presynaptic (sub)—cortical cells to their network.

“Long—term running may enhance pattern separation ability, our ability to distinguish between highly
similar events and stimuli, a behavior closely linked to adult neurogenesis, which is among the first to
display deficits indicative of age—related memory decline,” said Carmen Vivar, Ph.D., corresponding
author, Department of Physiology, Biophysics and Neuroscience, Centro de Investigacion y de

Estudios Avanzados del IPN in Mexico.

Aging—related memory function decline is associated with the degradation of synaptic inputs from the
perirhinal and entorhinal cortex onto the hippocampus, brain areas that are essential for pattern

separation, and contextual and spatial memory.
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“We show that running also substantially increases the back—projection from the dorsal subiculum onto
old adult-born granule cells,” said van Praag. “This connectivity may provide navigation—associated

information and mediate the long—term running—induced improvement in spatial memory function.”

Results from the study show that running not only rescued perirhinal connectivity but also increased

and altered the contribution of the entorhinal cortices to the network of old adult—born neurons.

“Our study provides insight as to how chronic exercise, beginning in young adulthood and continuing
throughout middle age, helps maintain memory function during aging, emphasizing the relevance of

including exercise in our daily lives,” said Vivar.

Study co—authors are Ben Peterson, Ph.D., currently a postdoc at UC Davis; Alejandro Pinto, FAU s
Schmidt College of Medicine and Stiles—Nicholson Brain Institute; and Emma Janke, a recent graduate

of the University of Pennsylvania.

This research was supported in part by the FAU Stiles—Nicholson Brain Institute and the Jupiter Life
Sciences Initiative (awarded to van Praag), and by the Fondo de Investigacién Cientifica y Desarrollo

Tecnolégico del Cinvestav (Proyectos SEP-Cinvestav), (awarded to Vivar).
- FAU -
About the Charles E. Schmidt College of Medicine:

FAU’s Charles E. Schmidt College of Medicine is one of approximately 156 accredited medical schools
in the U.S. The college was launched in 2010, when the Florida Board of Governors made a landmark
decision authorizing FAU to award the M.D. degree. After receiving approval from the Florida
legislature and the governor, it became the 134th allopathic medical school in North America.

With more than 70 full and part—time faculty and more than 1,300 affiliate faculty, the

college matriculates 64 medical students each year and has been nationally recognized for its
innovative curriculum. To further FAU s commitment to increase much needed medical residency
positions in Palm Beach County and to ensure that the region will continue to have an adequate and
well-trained physician workforce, the FAU Charles E. Schmidt College of Medicine Consortium for
Graduate Medical Education (GME) was formed in fall 2011 with five leading hospitals in Palm Beach
County. The Consortium currently has five Accreditation Council for Graduate Medical Education
(ACGME) accredited residencies including internal medicine, surgery, emergency medicine, psychiatry,

and neurology.

About Florida Atlantic University:
Florida Atlantic University, established in 1961, officially opened its doors in 1964 as the fifth public
university in Florida. Today, the University serves more than 30,000 undergraduate and graduate

students across six campuses located along the southeast Florida coast. In recent years, the



University has doubled its research expenditures and outpaced its peers in student achievement rates.
Through the coexistence of access and excellence, FAU embodies an innovative model where
traditional achievement gaps vanish. FAU is designated a Hispanic—serving institution, ranked as a top
public university by U.S. News & World Report and a High Research Activity institution by the Carnegie

Foundation for the Advancement of Teaching. For more information, visit www.fau.edu.

About Cinvestav:

The Center for Research and Advanced Studies (Cinvestav) was created by the Federal Government in
1961 as the first Mexican public institution offering only postgraduate research programs. Cinvestav is
financed by the Mexican Ministry of Education. It “s mission is to perform cutting—edge basic and applied
research, train high level human resources to provide the country with the necessary tools to offer
scientific and technological solutions for our national problems. Cinvestav has presence in all Mexico
with 10 campuses specialized in four different areas of research: Exact and Natural Sciences, Biological

and Health Sciences, Technology and Sciences of engineering and Social Sciences and Humanities.
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< X >Keeping time: Understanding the master clock in the brain: Researchers find a molecular
pathway that controls sleep rhythms and homeostasis -- ScienceDaily

Keeping time: Understanding the master
clock in the brain

Researchers find a molecular pathway that controls sleep rhythms and
homeostasis
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May 25, 2023
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University of Tsukuba
Summary:

Researchers found that, in neurons that produced the neuropeptide NMS, the interaction
between molecules SIK3 and HDAC4 has a critical role in sleep regulation through both
the length of the circadian period and sleep homoeostasis. Given the similarities among
different mammals, new information about how the circadian system works in mice could
lead to new treatments for sleep and circadian rhythm disorders in humans.

FULL STORY

Most living creatures exhibit a circadian rhythm, an internal clock that
repeats around every 24 hours. Now, researchers from Japan have found
new details about the molecular processes that govern sleep/wake rhythms
in mice.

In a recently published study, researchers from the University of Tsukuba have revealed that a
key molecule involved in sleep homeostasis (called SIK3 or salt-inducible kinase 3) also plays a
critical role in circadian behavior.

Animals are able to adapt to the 24-hour cycle of light and dark in terms of both behavior and
physiology via changes in the suprachiasmatic nucleus (SCN), which is the brain's master clock
that synchronizes the various rhythms in the body. However, the biological activities within the
SCN that induce time-specific wakefulness have not been fully characterized; the research team
aimed to address this.

"Most animals show a peak in activity at a specific point in the circadian cycle," explains lead
author of the study Professor Masashi Yanagisawa. "Because the SCN has been found to
regulate sleep and wakefulness at certain times of the day, we wanted to investigate the distinct
neurons that control this process."

To do this, the research team genetically manipulated levels of SIK3 in specific neuron groups in
the SCN of mice. Then, they examined sleep and circadian behaviors in the mice, such as when
and for how long the mice exhibited activity with respect to the light-dark cycle.

"We found that SIK3 in the SCN can influence circadian cycle length and the timing of peak
arousal activity, without changing the daily sleep amount,” says Professor Yanagisawa.

The research team previously reported that SIK3 interacts with LKB1 (an upstream molecule of
SIK3) and HDAC4 (an important target of SIK3) in glutamatergic neurons to regulate the amount
and depth of sleep. Now, they have found that the SIK3-HDAC4 pathway modulates the length of
the circadian period through NMS-producing neurons, and contributes to the sleep/wake rhythm.

The length of the behavioral period and the timing of peak activity are important components of
the circadian rhythm. Given the similarities between the circadian systems of different mammals,
new information about how this system works in mice could lead to new treatments for sleep and
circadian rhythm disorders in humans.

This work was supported by the World Premier International Research Center Initiative (WPI)
from the Ministry of Education, Culture, Sports, Science and Technology (MEXT), Japan Society
for the Promotion of Science (JSPS) Grants-in-Aid for Scientific Research (KAKENHI), Japan
Science and Technology Agency (JST) Core Research for Evolutional Science and Technology
(CREST), Japan Agency for Medical Research and Development (AMED), JSPS DC2 grant,
University of Tsukuba Basic Research Support Program Type A, and Funding Program for
World-Leading Innovative R&D on Science and Technology (FIRST Program).
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Nodoka Asama, Kanako Iwasaki, Miyo Kakizaki, Seiya Mizuno, Michihiro Mieda,
Fumihiro Sugiyama, Satoru Takahashi, Shoi Shi, Arisa Hirano, Hiromasa Funato,
Masashi Yanagisawa. SIK3—HDAC4 in the suprachiasmatic nucleus regulates the
timing of arousal at the dark onset and circadian period in mice. Proceedings of the
National Academy of Sciences, 2023; 120 (11) DOI: 10.1073/pnas.2218209120
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pathology, symptoms in mouse models
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IMAGE: AN ENLARGED DETAIL FROM A FIGURE IN THE PAPER HIGHLIGHTS REDUCTIONS IN PHOSPHORYLATED
TAU (MAGENTA) IN PRIMARY SOMATOSENSORY CORTICAL NEURONS IN TAU P301S MODEL MICE TREATED
WITH 40 HZ TACTILE STIMULATION (RIGHT). AN IMAGE FROM AN UNTREATED CONTROL IS ON THE

LEFT. view more

Evidence that non—invasive sensory stimulation of 40 Hz gamma frequency brain rhythms can reduce
Alzheimer’ s disease pathology and symptoms, already shown with light and sound by multiple research
groups in mice and humans, now extends to tactile stimulation. A new study by MIT scientists shows
that Alzheimer’ s model mice exposed to 40 Hz vibration an hour a day for several weeks showed

improved brain health and motor function compared to untreated controls.

The MIT group is not the first to show that gamma frequency tactile stimulation can affect brain
activity and improve motor function, but they are the first to show that the stimulation can also
reduce levels of the hallmark Alzheimer’ s protein phosphorylated tau, keep neurons from dying or

losing their synapse circuit connections, and reduce neural DNA damage.

“This work demonstrates a third sensory modality that we can use to increase gamma power in the
brain,” said Li—Huei Tsai, corresponding author of the study, director of The Picower Institute for

Learning and Memory and the Aging Brain Initiative at MIT, and Picower Professor in the Department

of Brain and Cognitive Sciences (BCS). “We are very excited to see that 40 Hz tactile stimulation
benefits motor abilities, which has not been shown with the other modalities. It would be interesting to

see if tactile stimulation can benefit human subjects with impairment in motor function.”

Ho—Jun Suk, Nicole Buie, Guojie Xu and Arit Banerjee are lead authors of the study in Frontiers in
Aging Neuroscience and Ed Boyden, Y. Eva Tan Professor of Neurotechnology at MIT, is a co—senior

author of the paper. Boyden, an affiliate member of The Picwoer Institute, is also appointed in BCS as
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well as the Departments of Bioengineering and Media Arts and Sciences, the McGovern Institute for

Brain Research, and the K. Lisa Yang Cener for Bionics.
Feeling the vibe

In a series of papers starting in 2016, a collaboration led by Tsai’ s lab has demonstrated that light
flickering and/or sound clicking at 40 Hz (a technology called GENUS for Gamma Entrainment Using
Sensory stimuli), reduces levels of amyloid—beta and tau proteins, prevents neuron death and
preserves synapses and even sustains learning and memory in a variety of Alzheimer’ s disease mouse
models. Most recently in pilot clinical studies the team showed that 40 Hz light and sound stimulation
was safe, successfully increased brain activity and connectivity and appeared to produce significant
clinical benefits in a small cohort of human volunteers with early—stage Alzheimer’ s disease. Other
groups have replicated and corroborated health benefits of 40 Hz sensory stimulation and an MIT spin—
off company, Cognito Therapeutics, has launched stage III clinical trials of light and sound stimulation

as an Alzheimer’ s treatment.

The new study tested whether whole—body 40 Hz tactile stimulation produced meaningful benefits in
two commonly used mouse models of Alzheimer’ s neurodegeneration, the Tau P301S mouse, which
recapitulates the disease’ s tau pathology, and the CK-p25 mouse, which recapitulates the synapse
loss and DNA damage seen in human disease. The team focused its analyses in two areas of the brain:
the primary somatosensory cortex (SSp), where tactile sensations are processed, and the primary

motor cortex (MOp), where the brain produces movement commands for the body.

To produce the vibration stimulation, the researchers placed mouse cages over speakers playing 40 Hz
sound, which vibrated the cages. Non—stimulated control mice were in cages interspersed in the same
room so that all the mice heard the same 40 Hz sound. The differences measured between the

stimulated and control mice were therefore made by the addition of tactile stimulation.

First the researchers confirmed that 40 Hz vibration made a difference in neural activity in the brains
of healthy (i.e. non—Alzheimer’ s) mice. As measured by expression of c—fos protein, activity increased
two—fold in the SSp and more than 3—fold in the MOp, a statistically significant increase in the latter

case.

Once the researchers knew that 40 Hz tactile stimulation could increase neural activity, they assessed
the impact on disease in the two mouse models. To ensure both sexes were represented, the team

used male P301S mice and female CK-p25 mice.

P301S mice stimulated for three weeks showed significant preservation of neurons compared to
unstimulated controls in both brain regions. Stimulated mice also showed significant reductions in tau

in the SSp by two measures, and exhibited similar trends in the MOp.
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CK-p25 mice received six weeks of vibration stimulation. These mice showed higher levels of synaptic
protein markers in both brain regions compared to unvibrated control mice. They also showed reduced

levels of DNA damage.

Finally the team assessed the motor abilities of mice exposed to the vibration vs. not exposed. They
found that both mouse models were able to stay on a rotating rod significantly longer. P301S mice also
hung on to a wire mesh for significantly longer than control mice while CK-p25 mice showed a positive,

though non-—significant trend.

“The current study, along with our previous studies using visual or auditory GENUS demonstrates the
possibility of using non—invasive sensory stimulation as a novel therapeutic strategy for ameliorating
pathology and improving behavioral performance in neurodegenerative diseases,” the authors

concluded.

Support for the study came from The JPB Foundation, The Picower Institute for Learning and
Memory, Eduardo Eurnekian, The DeGroof—-VM Foundation, Halis Family Foundation, Melissa and Doug
Ko Hahn, Lester Gimpelson, Eleanor Schwartz Charitable Foundation, The Dolby Family, Kathleen and
Miguel Octavio, Jay and Carroll Miller, Anne Gao and Alex Hu and Charles Hieken.
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