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Study preserves memory in mice, offering
promising new basis for active immunization
against Alzheimer's disease

Peer-Reviewed Publication

UNIVERSITY OF KANSAS
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IMAGE: IN A SERIES OF TESTS, KU RESEARCHERS ASSESSED THE MEMORY OF INJECTED MICE AGAINST
SIMILAR MICE THAT DIDN'T RECEIVE THE CORN-BASED METHIONINE SULFOXIDE. view more

LAWRENCE — During experiments in animal models, researchers at the University of Kansas
have discovered a possible new approach to immunization against Alzheimer’s disease (AD).

Their method uses a recombinant methionine (Met)-rich protein derived from corn that was
then oxidized in vitro to produce the antigen: methionine sulfoxide (MetO)-rich protein. This
antigen, when injected to the body, goads the immune system into producing antibodies
against the MetO component of beta-amyloid, a protein that is toxic to brain cells and seen
as a hallmark of Alzheimer's disease. The findings have been just published in the peer-

reviewed open-access journal Antioxidants.
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“As we age, we have more oxidative stress, and then beta-amyloid and other proteins
accumulate and become oxidized and aggregated - these proteins are resistant to
degradation or removal,” said lead researcher Jackob Moskovitz, associate professor of
pharmacology & toxicology at the KU School of Pharmacy. “In a previous 2011 published
study, | injected mouse models of Alzheimer’s disease with a similar methionine sulfoxide-
rich protein and showed about 30% reduction of amyloid plaque burden in the
hippocampus, the main region where damage from Alzheimer’s disease occurs.”

The MetO-rich protein used by Moskovitz for the vaccination of AD-model mice is able to
prompt the immune system to produce antibodies against MetO-containing proteins,
including MetO-harboring beta-amyloid. The introduction of the corn-based MetO-rich
protein (antigen) fosters the body's immune system to produce and deploy the antibodies
against MetO to previously tolerated MetO-containing proteins (including MetO-beta-
amyloid), and ultimately reduce the levels of toxic forms of beta-amyloid and other possible
proteins in brain.

In the new follow-up study, Moskovitz and his co-authors injected the MetO-rich protein into
4-month-old AD-model mice that were genetically modified to develop the familial form of
Alzheimer's disease. Subsequent testing showed that this approach provoked the mice’s
immune systems into producing antibodies that could alleviate the presence of AD
phenotypes at an older age (10-month-old mice).

“This treatment induced the production of anti-MetO antibody in blood-plasma that exhibits
a significant titer up to at least 10 months of age,” according to the authors.

Moskovitz's KU co-authors on the Antioxidants study are Adam Smith, assistant professor of
pharmacology & toxicology; Kyle Gossman and Benjamin Dykstra, graduate students in
Smith’s lab; and Philip Gao, director of the Protein Production Group at the Del Shankel

Structural Biology Center.

In a series of tests, the KU researchers assessed the memory of injected mice against similar
mice that didn't receive the corn-based methionine sulfoxide.

“We measured short-term memory capability through a 'Y’ maze, and that's very important
in Alzheimer’s disease — because when people get Alzheimer's, their short-term memory is
going away, while the old memories are still there,” Moskovitz said. “You put a mouse in a
maze shaped like a 'Y’ so they can go either the left or right arm. But then you introduce a
third arm in the middle and if they recognize the third arm as new, they'll spend more time
exploring that new arm because they have curiosity. If they don't even notice there’s a third
arm — because they forget it the minute after they saw it — they will spend more time in
right or left.”


https://ppg.ku.edu/

According to Moskovitz, there was a roughly 50% improvement in the memory of mice
injected with the methionine sulfoxide (MetO)-rich protein versus the control.

In another experiment, mice were tasked with locating a platform in a water maze.

“We gave them six days to learn, and even the ones with Alzheimer’s eventually learn the
location of the platform — but we found after the second day there was a big difference, the
injected mice with the antigen learn much faster than the nonimmunized mice,” Moskovitz
said. “Then we remove the platform to see if they remember where the platform was just by
memory, not by looking. And again, we saw a big difference. The antigen-immunized mice
remember and spend more time in the vicinity of the platform they were trained on
compared to the nonimmunized control mice.”

In addition to short-term memory improvement, the study showed the antigen-injected
mice exhibited better long memory capabilities, reduced beta-amyloid levels in both blood-
plasma and the brain, as well as “reduced beta-amyloid burden and MetO accumulations in
astrocytes in hippocampal and cortical regions; reduced levels of activated microglia; and
elevated antioxidant capabilities (through enhanced nuclear localization of the transcription
factor Nrf2) in the same brain regions.”

The researchers found the data collected in the study likely are translational, suggesting
active immunization “could give a possibility of delaying or preventing AD onset.”

Moskovitz said such an immunization could be given to people as the risk of Alzheimer’s
disease increases later in life, “around the time people are told to go get a colonoscopy for
the first time in their 50s or 60s,” he said. “Further booster shots could maintain
immunization, a process which people are so familiar with from the COVID vaccines.”

An active immunization would represent an improvement over current passive
immunization regimes because the methionine sulfoxide antigen prods the immune system
into producing its own antibodies. In passive immunization, antibodies are directly injected
into the body but can have severe toxic side effects (such as brain encephalitis) as well as
being prone to rejection by the immune system as non-self-antibodies over time.

Moskovitz said the next steps in this line of research would be to conduct pre-clinical and
clinical trials in humans in conjunction with the sponsorship of interested pharmaceutical
companies.
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Cutting calories and eating at the right time of
day leads to longer life in mice

Date:
May 5, 2022
Source:
Howard Hughes Medical Institute
Summary:
In a study that followed hundreds of mice over their lifespans, calorie restriction

combined with time-restricted eating boosted longevity.

FULL STORY
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One recipe for longevity is simple, if not easy to follow: eat less. Studies in
a variety of animals have shown that restricting calories can lead to a
longer, healthier life.

Now, new research suggests that the body's daily rhythms play a big part in this longevity effect.
Eating only during their most active time of day substantially extended the lifespan of mice on a
reduced-calorie diet, Howard Hughes Medical Institute Investigator Joseph Takahashi and
colleagues report May 5, 2022, in the journal Science.

In his team's study of hundreds of mice over four years, a reduced-calorie diet alone extended
the animals' lives by 10 percent. But feeding mice the diet only at nighttime, when mice are most
active, extended life by 35 percent. That combo -- a reduced-calorie diet plus a nighttime eating
schedule -- tacked on an extra nine months to the animals' typical two-year median lifespan. For
people, an analogous plan would restrict eating to daytime hours.

The research helps disentangle the controversy around diet plans that emphasize eating only at
certain times of day, says Takahashi, a molecular biologist at the University of Texas
Southwestern Medical Center. Such plans may not speed weight loss in humans, as a recent
study in the New England Journal of Medicine reported, but they could prompt health benefits
that add up to a longer lifespan.

Takahashi's team's findings highlight the crucial role of metabolism in aging, says Sai Krupa Das,
a nutrition scientist at the Jean Mayer USDA Human Nutrition Research Center on Aging who
was not involved with the work. "This is a very promising and landmark study," she says.

Fountain of youth

Decades of research has found that calorie restriction extends the lifespan of animals ranging
from worms and flies to mice, rats, and primates. Those experiments report weight loss,
improved glucose regulation, lower blood pressure, and reduced inflammation.

Butit has been difficult to systematically study calorie restriction in people, who can't live in a
laboratory and eat measured food portions for their entire lives, Das says. She was part of the
research team that conducted the first controlled study of calorie restriction in humans, called the
Comprehensive Assessment of Long-term Effects of Reducing Intake of Energy, or CALERIE. In
that study, even a modest reduction in calories "was remarkably beneficial" for reducing signs of
aging, Das says.

Scientists are just beginning to understand how calorie restriction slows aging at the cellular and
genetic level. As an animal ages, genes linked to inflammation tend to become more active,
while genes that help regulate metabolism become less active. Takahashi's new study found that
calorie restriction, especially when timed to the mice's active period at night, helped offset these
genetic changes as mice aged.

Question of time

Recent years have seen the rise of many popular diet plans that focus on what's known as
intermittent fasting, such as fasting on alternate days or eating only during a period of six to eight
hours per day. To unravel the effects of calories, fasting, and daily, or circadian, rhythms on
longevity, Takahashi's team undertook an extensive four-year experiment. The team housed
hundreds of mice with automated feeders to control when and how much each mouse ate for its
entire lifespan.

Some of the mice could eat as much as they wanted, while others had their calories restricted by
30 to 40 percent. And those on calorie-restricted diets ate on different schedules. Mice fed the



low-calorie diet at night, over either a two-hour or 12-hour period, lived the longest, the team
discovered.

The results suggest that time-restricted eating has positive effects on the body, even if it doesn't
promote weight loss, as the New England Journal of Medicine study suggested. Takahashi
points out that his study likewise found no differences in body weight among mice on different
eating schedules -- "however, we found profound differences in lifespan," he says.

Rafael de Cabo, a gerontology researcher at the National Institute on Aging in Baltimore says
that the Science paper "is a very elegant demonstration that even if you are restricting your
calories but you are not [eating at the right times], you do not get the full benefits of caloric
restriction.”

Takahashi hopes that learning how calorie restriction affects the body's internal clocks as we age
will help scientists find new ways to extend the healthy lifespan of humans. That could come
through calorie-restricted diets, or through drugs that mimic those diets' effects.

In the meantime, Takahashi is taking a lesson from his mice - he restricts his own eating to a 12-
hour period. But, he says, "if we find a drug that can boost your clock, we can then test that in the
laboratory and see if that extends lifespan."”

Story Source:

Materials provided by Howard Hughes Medical Institute. Note: Content may be edited for style
and length.
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Discovery reveals blocking inflammation may
lead to chronic pain
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Using anti-inflammatory drugs and steroids to relieve pain could increase the chances of
developing chronic pain, according to researchers from McGill University and colleagues
in Italy. Their research puts into question conventional practices used to alleviate pain.
Normal recovery from a painful injury involves inflammation and blocking that
inflammation with drugs could lead to harder-to-treat pain.

"For many decades it's been standard medical practice to treat pain with anti-
inflammatory drugs. But we found that this short-term fix could lead to longer-term
problems," says Jeffrey Mogil, a Professor in the Department of Psychology at McGill
University and E. P. Taylor Chair in Pain Studies.

The difference between people who get better and don't

In the study published in Science Translational Medicine, the researchers examined the
mechanisms of pain in both humans and mice. They found that neutrophils—a type of
white blood cell that helps the body fight infection—play a key role in resolving pain.

"In analyzing the genes of people suffering from lower back pain, we observed active
changes in genes over time in people whose pain went away. Changes in the blood
cells and their activity seemed to be the most important factor, especially in cells called
neutrophils," says Luda Diatchenko a Professor in the Faculty of Medicine, Faculty of
Dentistry, and Canada Excellence Research Chair in Human Pain Genetics.

Inflammation plays a key role in resolving pain

"Neutrophils dominate the early stages of inflammation and set the stage for repair of
tissue damage. Inflammation occurs for a reason, and it looks like it's dangerous to
interfere with it," says Professor Mogil, who is also a member of the Alan Edwards
Centre for Research on Pain along with Professor Diatchenko.


https://medicalxpress.com/tags/lower+back+pain/
https://medicalxpress.com/tags/blood+cells/
https://medicalxpress.com/tags/blood+cells/
https://medicalxpress.com/tags/inflammation/

Experimentally blocking neutrophils in mice prolonged the pain up to ten times the
normal duration. Treating the pain with anti-inflammatory drugs and steroids like
dexamethasone and diclofenac also produced the same result, although they were
effective against pain early on.

These findings are also supported by a separate analysis of 500,000 people in the United
Kingdom that showed that those taking anti-inflammatory drugs to treat their pain were
more likely to have pain two to ten years later, an effect not seen in people taking
acetaminophen or anti-depressants.

Reconsidering standard medical treatment of acute pain

"Our findings suggest it may be time to reconsider the way we treat acute pain. Luckily
pain can be killed in other ways that don't involve interfering with inflammation," says
Massimo Allegri, a Physician at the Policlinico of Monza Hospital in Italy and Ensemble
Hospitalier de la Cote in Switzerland.

"We discovered that pain resolution is actually an active biological process," says
Professor Diatchenko. These findings should be followed up by clinical trials directly
comparing anti-inflammatory drugs to other pain killers that relieve aches and pains but
don't disrupt inflammation."

"Acute inflammatory response via neutrophil activation protects against the
development of chronic pain" by Marc Parisien et al. was published in Science
Translational Medicine.

Explore further

Newly discovered pathway for pain processing could lead to new treatments

More information: Marc Parisien et al, Acute inflammatory response via neutrophil
activation protects against the development of chronic pain, Science Translational
Medicine (2022). DOI:

10.1126/scitranslmed.abj9954. www.science.org/doi/10.1126/scitranslmed.abj9954

Journal information: Science Translational Medicine

Provided by McGill University
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A single hormone directs body's responses to
low-protein diet

Mice live longer and lose weight while eating more when FGF21 is present
Date:

May 13, 2022

Source:
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Pennington Biomedical Research Center
Summary:

A single hormone appears to coordinate the lifespan extension produced by a low-protein
diet. Low-protein diets produce beneficial metabolic effects in aged mice, improving
metabolic health, reducing frailty, and extending lifespan. These beneficial effects were
also apparent when protein intake was reduced in middle-aged mice, even protecting
against the detriments of obesity. Importantly, these beneficial effects were lost in mice
that lacked FGF21, suggesting that its action in the brain is critical for the increase in
health and lifespan.

FULL STORY

A single hormone appears to coordinate the lifespan extension produced
by a low-protein diet.

A new study from Pennington Biomedical Research Center, published in the journal Nature
Communications, found that reducing the amount of protein in the diet produced an array of
favorable health outcomes, including an extension of lifespan, and that these effects depend on a
liver-derived metabolic hormone called Fibroblast Growth Factor 21 (FGF21).

It has long been known that reducing the amount you eat improves health and extends lifespan,
and there has been increasing interest in the possibility that reducing protein or amino acid intake
contributes to this beneficial effect. Several recent studies suggest that diets that are low in
protein, but not so low that they produce malnutrition, can improve health. Conversely,
overconsumption of high-protein diets has been linked to increased mortality in certain age
groups.

A few years ago, Pennington Biomedical's Neurosignaling Laboratory discovered that the
metabolic hormone FGF21 was a key signal linking the body to the brain during protein
restriction. Without this signal, young mice failed to change their feeding behavior or metabolism
when placed on a low-protein diet.

"Our data suggest that FGF21 talks to the brain, and that without this signal the mouse doesn't
'know' that it is eating a low-protein diet. As a result, the mouse fails to adaptively change its
metabolism or feeding behavior," said Christopher Morrison, Ph.D., Professor and Director of the
Neurosignaling Lab.

The group's newest work, led by postdoctoral researcher Cristal M. Hill, Ph.D., demonstrates that
low-protein diets produce beneficial metabolic effects in aged mice, improving metabolic health,
reducing frailty, and extending lifespan. These beneficial effects were also apparent when protein
intake was reduced in middle-aged mice, even protecting against the detriments of obesity.
Importantly, these beneficial effects were lost in mice that lacked FGF21, suggesting that its
action in the brain is critical for the increase in health and lifespan.

"We previously showed that FGF21 acts in the brain to improve metabolic health in young mice
fed a low-protein diet. These new data extend this work by demonstrating that FGF21 also
improves metabolic health and extends lifespan. Collectively, these data provide clear evidence
that FGF21 is the first known hormone that coordinates feeding behavior and metabolic health to
improve lifespan during protein restriction," Dr. Hill said.



However, Dr. Hill said several questions remain. It's unclear exactly how these observations will
translate to aging humans, but the hope is that this work will uncover novel molecular and neural
pathways that can be leveraged to improve health in people.

"This groundbreaking research has important implications for extending the health and lifespan
of people. If scientists can better understand how diets and nutritional hormones like FGF21 act
to extend lifespan, these discoveries could offset many of the health issues that occur in middle
age and later," said Pennington Biomedical Executive Director John Kirwan, Ph.D.

This work was supported by the National Institutes of Health grants RO1DK105032,
R01DK121370, R01DK123083, and F32DK115137. The content is solely the responsibility of the
authors and does not necessarily represent the official views of the National Institutes of Health.

Story Source:

Materials provided by Pennington Biomedical Research Center. Note: Content may be edited
for style and length.
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Microbes help orchestrate how the gut uses its
genes

Mice without microbes rely on an entirely different set of genes to digest fat

Peer-Reviewed Publication

DUKE UNIVERSITY
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IMAGE: A CONFOCAL MICROSCOPY IMAGE OF SMALL VILLI IN THE SMALL INTESTINE SHOWS CELL
NUCLEI IN BLUE AND ABSORBED DIETARY FAT IN RED. view more

DURHAM, N.C. -The microbes that help break down food actually tell the gut how to do its
job better, according to a new study in mice at Duke.

The researchers said it appears that the microbes are able to influence which of the gut's
genes are being called into action, and in turn, that interaction might lead to a remodeling of
the epithelial cells lining the gut so that they match the diet.

“The gut is a fascinating interface between an animal and the world it lives in, and it receives
information from both the diet and the microbes it harbors,” said John Rawls, Ph.D., a
professor of molecular genomics and microbiology at Duke and director of the Duke
Microbiome Center.

The study appeared May 6 in the open access journal Cellular and Molecular Gastroenterology
and Hepatology.

To begin to parse the messages coming from the microbes to the cells of the gut, the Duke
researchers compared mice raised without any gut microbes and those with a normal gut
microbiome. The researchers focused on the crosstalk between RNA transcription - DNA
being copied to RNA -- and the proteins that turn this copying process on or off in the small
intestine, where most uptake of fat and other nutrients occurs.
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While both the germ-free and normal mice were able to metabolize fatty acids in a high-fat
diet, the striking finding was that the germ-free animals used a very different set of genes to
deal with a high-fat meal.

“We were surprised to find that the gene playbook that the gut epithelium uses to respond
to dietary fat is different depending on whether or not microbes are there,” Rawls said.

The researchers also saw that the microbes can help the gut absorb fats.

“It's a relatively consistent finding across multiple studies, from our lab and others, that
microbes actually promote lipid absorption,” said Colin Lickwar, Ph.D., a senior research
associate in Rawls' lab and first author on the paper. “And that, at some level, also impacts
systemic processes like weight gain.”

The germ-free mice saw an increase in activity of the genes involved in fatty acid oxidation,
literally burning of fatty acids, to provide fuel for the gut’s cells.

“Typically we think about the gut just doing its job absorbing dietary nutrients across the
epithelium to share with the rest of the body, but the gut has to eat too,” Rawls said. “So
what we think is going on in germ-free animals, is that the gut is consuming more of the fat
than it would if the microbes were there.”

And that may reflect differences in the composition of the gut's epithelial cells.

“There are a bunch of recent papers showing that there is a substantial capacity to change
the larger architecture of the intestine as well as in the individual gene programs,” Lickwar
said. “There is a remarkable amount of plasticity in the intestine. We largely don't
understand it, but some of it is elucidated by this paper.”

The researchers focused their effort on a transcription factor called HNF4-Alpha, which is
known to regulate genes involved in lipid metabolism and genes that respond to microbes.
“We thought that it might represent an interface or a crossroads between interpreting
information that comes from either microbial sources or from dietary fat,” Lickwar said.

“It's certainly complicated, but we do appear to identify that HNF4-Alpha is important in
simultaneously integrating multiple signals within the intestine,” Lickwar said.

“For every way that germ-free animals seem unusual, that teaches us something about the
large impact of the microbiome on what we consider to be ‘normal’ animal biology,” Rawls
said.

This research was supported by the National Institutes of Health (R01-DK093399, P01-
DK094779, R01-DK113123, R01-DK111857, R01-DK081426, P01-HL020948), as well as the
Nuclear Receptor Signaling Atlas consortium (NURSA, U24-693 DK09774).
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CRISPR-Cas9 gene editing approach can alter
the social behavior of animals
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Summary:
New gene-editing techniques are shedding light on how hormones impact social behavior

in animals and possibly, humans.
FULL STORY
Georgia State University scientists have created gene-edited hamsters for

studies of social neuroscience and have found that the biology behind
social behavior may be more complex than previously thought.
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Injections of sgRNA/Cas9 plasmid targeting the Avprla gene into hamster embryos. (A)
Alignments of various indels produced by CRISPR-Cas9 editing. Only C1 FOUNDER
was able to produce offspring resulting in generations F1 and F2. (B) Predicted proteins
produced by indels. (C) F (Top of each photo) and M (Bottom of each photo) Avprla
KOs (Right side of each photo) exhibit no obvious physical differences compared to WT
(Left side of each photo).

Credit: Proceedings of the National Academy of Sciences (2022). DOI:
10.1073/pnas.2121037119

A team of Georgia State University researchers led by Regents' Professor of Neuroscience H.
Elliott Albers and Distinguished University Professor Kim Huhman used CRISPR-Cas9
technology to eliminate the actions of a neurochemical signaling pathway that plays a critical role
in regulating social behaviors in mammals. Vasopressin and the receptor that it acts on called
Avprla regulates social phenomena ranging from pair bonding, cooperation, and social
communication to dominance and aggression. The new study, published in the Proceedings of
the National Academy of Sciences (PNAS), finds that knocking out the Avprila receptor in
hamsters, and thus effectively eliminating vasopressin's action on it, dramatically altered the
expression of social behavior in unexpected ways.

"We were really surprised at the results,” Albers said. "We anticipated that if we eliminated
vasopressin activity, we would reduce both aggression and social communication. But the
opposite happened.”



Instead, the hamsters without the receptor showed much higher levels of social communication
behavior than did their counterparts with intact receptors. Even more interesting, the typical sex
differences observed in aggressiveness were eliminated with both male and female hamsters
displaying high levels of aggression towards other same-sex individuals.

"This suggests a startling conclusion,” Albers said. "Even though we know that vasopressin
increases social behaviors by acting within a number of brain regions, it is possible that the more
global effects of the Avprla receptor are inhibitory.

"We don't understand this system as well as we thought we did. The counterintuitive findings tell
us we need to start thinking about the actions of these receptors across entire circuits of the
brain and not just in specific brain regions."

The hamsters used in the research were Syrian hamsters, which have become increasingly
important for studies of social behavior, aggression and communication. They are the species in
which vasopressin was first demonstrated to influence sociality. Hamsters provide a powerful
model for the studies of social behavior because their social organization is far more similar to
humans than that observed in mice, even though mice are the most common laboratory animal
used. Hamsters are unique research animals in other ways as well, explained Huhman, who is
Associate Director of the Neuroscience Institute at Georgia State.

"Their stress response is more like that of humans than it is other rodents. They release the
stress hormone cortisol, just as humans do. They also get many of the cancers that humans get,"
she said. "Their susceptibility to the SARS-CoV-2 virus that causes COVID-19 makes them the
rodent species of choice because they are vulnerable to it just as we are."

The work using CRISPR in hamsters was a significant step forward, say both researchers.
"Developing gene-edited hamsters was not easy," Albers said. "But it is important to understand
the neurocircuitry involved in human social behavior and our model has translational relevance
for human health. Understanding the role of vasopressin in behavior is necessary to help identify
potential new and more effective treatment strategies for a diverse group of neuropsychiatric
disorders ranging from autism to depression."

Story Source:

Materials provided by Georgia State University. Note: Content may be edited for style and
length.
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Dietary cholesterol worsens inflammation,

sickness in mice with influenza
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New research suggests high levels of dietary cholesterol make mice sicker when infected
with influenza. This study links cholesterol in the diet with exacerbation of a viral
infection.

FULL STORY

New research from the University of lllinois suggests high levels of dietary
cholesterol make mice sicker when infected with influenza. The study is the
first to link cholesterol in the diet with exacerbation of a viral infection.

Previously, scientists linked high-fat diets and elevated blood cholesterol with increased
susceptibility to infection and lowered immune response. For example, obesity is a well-known
risk factor for severe disease in COVID and influenza. But few studies have separated out the
contribution of cholesterol in these infections, and none have delineated the effect of dietary
cholesterol.

"We knew high serum cholesterol levels can lead to higher risk of sepsis in influenza infections
and that statins -- cholesterol-lowering medications -- can improve survival during influenza
pneumonia, SARS-CoV-2 infection, and sepsis. But it wasn't clear whether or how dietary
cholesterol was involved," says Allison Louie, lead author on the Journal of Immunology study
and doctoral student in the Neuroscience Program at lllinois.

Cholesterol is essential in the body. It's part of our cell membranes, helps us make hormones
and vitamin D, and allows for proper immune cell function. Our bodies manufacture it for us,
requiring little to come in through dietary sources. In fact, for healthy people, dietary cholesterol
does not substantially affect circulating cholesterol levels nor increase risk of cardiovascular
disease. That's part of the reason limits on cholesterol intake were lifted from the Dietary
Guidelines for Americans in 2015.

But when it comes to infectious disease in mice, Louie's study suggests dietary cholesterol may
make a difference, even without increasing dietary fat.

Louie, along with co-authors Andrew Steelman and Joseph Tingling, fed mice a standard rodent
chow or an identical diet supplemented with 2% cholesterol. After five weeks on the diets, mice
were infected with a mouse-adapted human influenza A virus. The research team tracked
disease progression, including weight loss, food intake, and sickness behavior. They also
tracked serum cholesterol levels and immune responses and measured viral load in the lungs at
multiple time points over the course of the infection.

"Across four cohorts, the cholesterol-fed mice had consistently higher morbidity," Louie says.
"They exhibited greater weight loss and sickness behavior."

Because viruses also require cholesterol for cell entry and replication, there was a chance the
high-cholesterol diet would boost viral load in the lungs. But that's not what the researchers
found.

"Our plaque assay did not show a significant difference in viral load in the lungs of the two
groups of mice," says Tingling, a postdoctoral researcher in the Department of Animal Sciences
at lllinois. "It's very important to consider not just the infectious agent, but the host immune
system."



Speaking of the host, the researchers determined mice fed a high-cholesterol diet were sicker
because their immune systems went awry. Fat can have an immunosuppressive effect, which is
detrimental during the course of an infection. But an underactive immune system is not what the
researchers observed in the cholesterol-fed mice. Instead, cholesterol increased the number of
cytokine-producing immune cells in the lungs.

"A so-called cytokine storm during severe disease results in excessive inflammation that can be
damaging to the host. Along those lines, we found that more cytokine-producing cells had
infiltrated the lungs of the mice fed cholesterol, which may have contributed to them being
sicker," Louie says. "It's a double-edged sword. You want to be able to mount an effective
immune response, but excessive inflammation is detrimental.”

Unfortunately, the effects of dietary cholesterol on influenza morbidity lasted long after mice
stopped eating it. The researchers took mice that consumed a high-cholesterol diet initially and
then gave them a normal diet for five weeks. When those mice were exposed to influenza, they
still got sicker than mice that had never consumed a high cholesterol diet.

"We were thinking this dietary component is a highly modifiable factor. Perhaps it would only
have a transient effect. But ultimately we found that five additional weeks on a normal diet was
not enough time to fully reverse the detrimental effects of cholesterol," Louie says.

Surprisingly, inflammatory changes in the lungs were detectable in the high-cholesterol mice
even before they were infected with influenza.

"Some of the changes in the lungs' immune function were already present before infection. It
would be interesting to see exactly how dietary cholesterol increased inflammation prior to
infection," says corresponding author Steelman, associate professor in the Department of Animal
Sciences, the Neuroscience Program, and the Division of Nutritional Sciences at lllinois.

"Nevertheless, our data collectively show that dietary cholesterol increased morbidity in
influenza-infected mice. The response appeared to be a result of an aberrant immune response
occurring in the lungs rather than an effect of the virus itself. These results demonstrate the need
to consider how host factors contribute to disease outcome."

Department of Animal Sciences and the Division of Nutritional Sciences are in the College of
Agricultural, Consumer and Environmental Sciences at the University of lllinois Urbana-
Champaign.
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Veterinarians and researchers have developed a technique to predict leptospirosis in
dogs through artificial intelligence. Leptospirosis is a life-threatening bacterial disease
dogs can get from drinking contaminated water.

FULL STORY
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Leptospirosis, a disease that dogs can get from drinking water
contaminated with Leptospira bacteria, can cause kidney failure, liver
disease and severe bleeding into the lungs. Early detection of the disease
Is crucial and may mean the difference between life and death.

Veterinarians and researchers at the University of California, Davis, School of Veterinary
Medicine have discovered a technique to predict leptospirosis in dogs through the use of artificial
intelligence. After many months of testing various models, the team has developed one that
outperformed traditional testing methods and provided accurate early detection of the disease.
The groundbreaking discovery was published in Journal of Veterinary Diagnostic Investigation.

"Traditional testing for Leptospira lacks sensitivity early in the disease process," said lead author
Krystle Reagan, a board-certified internal medicine specialist and assistant professor focusing on
infectious diseases. "Detection also can take more than two weeks because of the need to
demonstrate a rise in the level of antibodies in a blood sample. Our Al model eliminates those
two roadblocks to a swift and accurate diagnosis."

The research involved historical data of patients at the UC Davis Veterinary Medical Teaching
Hospital that had been tested for leptospirosis. Routinely collected blood work from these 413
dogs was used to train an Al prediction model. Over the next year, the hospital treated an
additional 53 dogs with suspected leptospirosis. The model correctly identified all nine dogs that
were positive for leptospirosis (100% sensitivity). The model also correctly identified
approximately 90% of the 44 dogs that were ultimately leptospirosis negative.

The goal for the model is for it to become an online resource for veterinarians to enter patient
data and receive a timely prediction.

"Al-based, clinical decision making is going to be the future for many aspects of veterinary
medicine," said School of Veterinary Medicine Dean Mark Stetter. "I am thrilled to see UC Davis
veterinarians and scientists leading that charge. We are committed to putting resources behind
Al ventures and look forward to partnering with researchers, philanthropists, and industry to
advance this science."

Detection model may help people

Leptospirosis is a life-threatening zoonotic disease, meaning it can transfer from animals to
humans. As the disease is also difficult to diagnose in people, Reagan hopes the technology
behind this groundbreaking detection model has translational ability into human medicine.

"My hope is this technology will be able to recognize cases of leptospirosis in near real time,
giving clinicians and owners important information about the disease process and prognosis,"
said Reagan. "As we move forward, we hope to apply Al methods to improve our ability to
quickly diagnose other types of infections."

Reagan is a founding member of the school's Artificial Intelligence in Veterinary Medicine Interest
Group comprising veterinarians promoting the use of Al in the profession. This research was
done in collaboration with members of UC Davis' Center for Data Science and Atrtificial
Intelligence Research, led by professor of mathematics Thomas Strohmer. He and his students
were involved in the algorithm building.

Reagan's group is actively pursuing Al for prediction of outcome for other types of infections,
including a prediction model for antimicrobial resistant infections, which is a growing problem in
veterinary and human medicine. Previously, the group developed an Al algorithm to predict
Addison's disease with an accuracy rate greater than 99%.

Funding support comes from the National Science Foundation.
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< 3> Animal behaviour: Female mice release banana-scented urine when pregnant to deter
males | New Scientist

Female mice release banana-scented urine
when pregnant to deter males

Pregnant and lactating female mice release a banana-smelling chemical in their urine that
is thought to stress out males so they don't commit infanticide
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LIFE 20 May 2022

By Alice Klein

A pregnant harvest mouse (Micromys minutus) and a pup: females will fight to protect
their young, and use their urine to remind males of the fact
Klein and Hubert/NaturePL

Female mice that are heavily pregnant or have recently given birth produce a
banana-smelling chemical in their urine that stresses out males, possibly to stop
them from killing their pups.

Jeffrev Mogil at McGill University in Montreal and his colleagues discovered this
behaviour by accident. “We were doing experiments with pregnant female mice and
noticed that male mice that were being used for other experiments in the same room
were acting a bit crazy,” he says.

To explore further, they tested the stress levels of male mice when they were placed
in a cage near that of another male mouse or a female that was either not pregnant,

newly pregnant, heavily pregnant, had recently given birth and was lactating, or had
given birth in the past and was no longer lactating.

The male mice showed reduced pain sensitivity and elevated corticosteroid levels -
which are both signs of stress - when they were caged near female mice that were
heavily pregnant or lactating, but not when they were near the other mice.
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The researchers discovered that this was because heavily pregnant and lactating
females produced a chemical in their urine called amyl acetate, which smells of
bananas. This wafted into the males’ nearby cages and made them stressed when
they sniffed it.

Just exposing the males to this chemical alone made them stressed, even when there
were no pregnant or lactating females around.

Females probably release this chemical when they are about to have pups or have
just had them to let males know, “if you come any closer, I’ll beat the crap out of
you”, says Mogil.

This is because male mice try to kill pups that have been fathered by other males, he
says.

In line with this, pregnant and lactating females left more urine marks when they
were exposed to stranger males than when they were exposed to the father of their

pups.

“Females are known to unleash serious aggression if males try to attack their pups
so we think that when males smell this chemical in their urine, the prospect that
there might be a fight causes their stress response,” says Mogil.

The researchers didn’t test if sniffing this chemical did in fact stop males from
killing pups because it would be unethical to conduct that kind of experiment, says
Mogil.

The findings have implications for other mouse research since some scientists may
unwittingly be using stressed mice in their experiments if they house male mice
near pregnant females, says Mogil. This could be one reason why different labs
sometimes get different results from the same experiments, he says. “It’s something
we need to pay more attention to.”

Journal reference: Science Advances,

More on these topics:


https://www.newscientist.com/article/2321279-female-mice-release-banana-scented-urine-when-pregnant-to-deter-males/www.science.org/doi/10.1126/sciadv.abi9366

