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|And then there were 6 -- kinds of taste, that is

In addition to sweet, salty, sour, bitter and umami, a new study suggests the
tongue might also detect ammonium chloride as a basic taste

Date:

October 5, 2023


https://www.sciencedaily.com/releases/2023/10/231005110728.htm

Source:
University of Southern California
Summary:

Scholars have discovered evidence of a sixth basic taste. The tongue responds to
ammonium chloride, a popular ingredient in some Scandinavian candies. The OTOP1
protein receptor, previously linked to sour taste, is activated by ammonium chloride. The
ability to taste ammonium chloride may have evolved to help organisms avoid harmful
substances.

FULL STORY

Japanese scientist Kikunae Ikeda first proposed umami as a basic taste --
in addition to sweet, sour, salty and bitter -- in the early 1900s. About eight
decades later, the scientific community officially agreed with him.

Now, scientists led by researchers at the USC Dornsife College of Letters, Arts and Sciences
have evidence of a sixth basic taste.

In research published Oct. 10 in Nature Communications, USC Dornsife neuroscientist Emily
Liman and her team found that the tongue responds to ammonium chloride through the same
protein receptor that signals sour taste.

"If you live in a Scandinavian country, you will be familiar with and may like this taste," says
Liman, professor of biological sciences. In some northern European countries, salt licorice has
been a popular candy at least since the early 20th century. The treat counts among its
ingredients salmiak salt, or ammonium chloride.

Scientists have for decades recognized that the tongue responds strongly to ammonium chloride.
However, despite extensive research, the specific tongue receptors that react to it remained
elusive.

Liman and the research team thought they might have an answer.

In recent years, they uncovered the protein responsible for detecting sour taste. That protein,
called OTOP1, sits within cell membranes and forms a channel for hydrogen ions moving into the
cell.

Hydrogen ions are the key component of acids, and as foodies everywhere know, the tongue
senses acid as sour. That's why lemonade (rich in citric and ascorbic acids), vinegar (acetic acid)
and other acidic foods impart a zing of tarthess when they hit the tongue. Hydrogen ions from
these acidic substances move into taste receptor cells through the OTOP1 channel.

Because ammonium chloride can affect the concentration of acid -- that is, hydrogen ions --
within a cell, the team wondered if it could somehow trigger OTOPL1.

To answer this question, they introduced the Otop1 gene into lab-grown human cells so the cells
produce the OTOP1 receptor protein. They then exposed the cells to acid or to ammonium
chloride and measured the responses.

"We saw that ammonium chloride is a really strong activator of the OTOP1 channel,” Liman said.
"It activates as well or better than acids."



Ammonium chloride gives off small amounts of ammonia, which moves inside the cell and raises
the pH, making it more alkaline, which means fewer hydrogen ions.

"This pH difference drives a proton influx through the OTOP1 channel,” explained Ziyu Liang, a
PhD student in Liman's lab and first author on the study.

To confirm that their result was more than a laboratory artifact, they turned to a technique that
measures electrical conductivity, simulating how nerves conduct a signal. Using taste bud cells
from normal mice and from mice the lab previously genetically engineered to not produce
OTOP1, they measured how well the taste cells generated electrical responses called action
potentials when ammonium chloride is introduced.

Taste bud cells from wildtype mice showed a sharp increase in action potentials after ammonium
chloride was added while taste bud cells from the mice lacking OTOP1 failed to respond to the
salt. This confirmed their hypothesis that OTOP1 responds to the salt, generating an electrical
signal in taste bud cells.

The same was true when another member of the research team, Courtney Wilson, recorded
signals from the nerves that innervate the taste cells. She saw the nerves respond to addition of
ammonium chloride in normal mice but not in mice lacking OTOPL1.

Then the team went one step further and examined how mice react when given a choice to drink
either plain water or water laced with ammonium chloride. For these experiments, they disabled
the bitter cells that also contribute to the taste of ammonium chloride. Mice with a functional
OTOPL1 protein found the taste of ammonium chloride unappealing and did not drink the solution,
while mice lacking the OTOP1 protein did not mind the alkaline salt, even at very high
concentrations.

"This was really the clincher,” Liman said. "It shows that the OTOP1 channel is essential for the
behavioral response to ammonium."

But the scientists weren't done. They wondered if other animals would also be sensitive to and
use their OTOP1 channels to detect ammonium. They found that the OTOP1 channel in some
species seems to be more sensitive to ammonium chloride than in other species. And human
OTOP1 channels were also sensitive to ammonium chloride.

So, what is the advantage in tasting ammonium chloride and why is it evolutionarily so
conserved?

Liman speculates that the ability to taste ammonium chloride might have evolved to help
organisms avoid eating harmful biological substances that have high concentrations of
ammonium.

"Ammonium is found in waste products -- think of fertilizer -- and is somewhat toxic," she
explained, "so it makes sense we evolved taste mechanisms to detect it. Chicken OTOP1 is
much more sensitive to ammonium than zebra fish." Liman speculates that these variations may
reflect differences in the ecological niches of different animals. "Fish may simply not encounter
much ammonium in the water, while chicken coops are filled with ammonium that needs to be
avoided and not eaten."

But she cautions that this is very early research and further study is needed to understand
species differences in sensitivity to ammonium and what makes OTOP1 channels from some
species sensitive and some less sensitive to ammonium.

Towards this end, they have made a start. "We identified a particular part of the OTOP1 channel
-- a specific amino acid -- that's necessary for it to respond to ammonium," Liman said. "If we
mutate this one residue, the channel is not nearly as sensitive to ammonium, but it still responds
to acid.”



Moreover, because this one amino acid is conserved across different species, there must have
been selective pressure to maintain it, she says. In other words, the OTOP1 channel's ability to
respond to ammonium must have been important to the animals' survival.

In the future, the researchers plan to extend these studies to understand whether sensitivity to
ammonium is conserved among other members of the OTOP proton family, which are expressed
in other parts of the body, including in the digestive tract.

And who knows? Perhaps ammonium chloride will join the other five basic tastes to bring the
official count to six.

Story Source:

Materials provided by University of Southern California. Original written by Darrin S. Joy. Note:
Content may be edited for style and length.

Journal Reference:

1. Ziyu Liang, Courtney E. Wilson, Bochuan Teng, Sue C. Kinnamon, Emily R. Liman. The
proton channel OTOP1 is a sensor for the taste of ammonium chloride. Nature
Communications, 2023; 14 (1) DOI: 10.1038/s41467-023-41637-4
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NEWS RELEASE 11-OCT-2023

Restoring nerve-muscle connections boosts
strength of aging mice, Stanford Medicine
study finds

Drug boosts nerve growth, muscle strength

Peer-Reviewed Publication
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STANFORD MEDICINE

A small molecule previously shown to enhance strength in injured or old laboratory mice does so by
restoring lost connections between nerves and muscle fibers, Stanford Medicine researchers have

found.

The molecule blocks the activity of an aging—associated enzyme, or gerozyme, called 15-PGDH that
naturally increases in muscles as they age. The study showed that levels of the gerozyme increase in
muscles after nerve damage and that it is prevalent in muscle fibers of people with neuromuscular

diseases.

The research is the first to show that damaged motor neurons — nerves connecting the spinal cord to
muscles — can be induced to regenerate in response to a drug treatment and that lost strength and
muscle mass can be at least partially regained. It suggests that, if similar results are seen in humans,
the drug may one day be used to prevent muscle loss of muscle strength due to aging or disease or to

hasten recovery from injury.

It’ s estimated that sarcopenia, or debilitating muscle frailty, affects about 30% of people over 80 and

costs the United States around $380 billion each year.

“There is an urgent, unmet need for drug treatments that can increase muscle strength due to aging,
injury or disease,” said Helen Blau, PhD, professor of microbiology and immunology. “This is the first
time a drug treatment has been shown to affect both muscle fibers and the motor neurons that
stimulate them to contract in order to speed healing and restore strength and muscle mass. It’ s

. ”
unique.

Blau, the Donald E. and Delia B. Baxter Foundation Professor and director of the Baxter Laboratory

for Stem Cell Biology, is the senior author of the study, which was published online Oct. 11 in Science

Translational Medicine. Postdoctoral scholar Mohsen Bakooshli, PhD, and former postdoctoral scholar
Yu Xin Wang, PhD, are the lead authors of the study. Wang is now an assistant professor at the

Sanford Burnham Prebys Medical Discovery Institute in San Diego.
Addressing loss of strength

The finding is the latest from the Blau laboratory focused on understanding how muscles weaken from
aging or disease, and whether it’ s possible to combat this decline. In 2021, the group showed that

blocking the activity of 15-PGDH in 24—month—old laboratory mice significantly enhances the animals’
leg strength and endurance when running on a treadmill. (Laboratory mice typically live about 26 to 30

months.) But it wasn’ t clear exactly how.

The new research shows that the effect is due to the restoration of lost connections between the
nerves and the muscle. These connections, called neuromuscular junctions, are how the brain signals

muscles to contract, allowing us to pick up a water glass, jog to the mailbox or hoist a toddler into a


https://profiles.stanford.edu/helen-blau
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https://www.science.org/doi/full/10.1126/scitranslmed.adg1485?adobe_mc=MCMID%3D19824153173116563103640615637939198055%7CMCORGID%3D242B6472541199F70A4C98A6%2540AdobeOrg%7CTS%3D1698721508
https://med.stanford.edu/news/all-news/2020/12/small-molecule-restores-muscle-strength-in-old-mice.html

car seat. As we age, some of these connections are lost, causing muscle contractions to become less
powerful and muscles to atrophy. People typically lose muscle mass and strength — as much as 10%

per decade — after the age of 50.

Conditions other than aging can also destabilize these connections, including the disuse of muscles
due to bedrest after illness or injury, or muscle—wasting diseases like spinal muscular atrophy or

amyotrophic lateral sclerosis (also known as ALS).

Blau’ s previous research showed that a molecule called PGE2 is critical to the function of stem cells
in muscle fibers that repair damage — including the microtears from exercise that lead to an increase
in muscle mass and strength. They subsequently showed that levels of 15-PGDH, which breaks down
PGE2, increase in the muscles with age and that the loss of strength with aging could be overcome by

inhibiting the activity of this PGE2—degrading enzyme.

“PGE2 is part of the body’ s natural healing mechanism, and its levels increase in muscle after injury,”
Blau said. “We wanted to learn how age triggers an increase in 15-PGDH, and therefore the

degradation and loss of PGE2.”
A lack of nerves

The researchers knew that muscles become less innervated, or infiltrated with nerves, as people and

animals age. They wondered if that loss could be what triggers the rising levels of 15-PGDH.

“We found that when you cut the nerve that innervates the leg muscles of mice, the amount of 15—
PGDH in the muscle increases rapidly and dramatically,” Blau said. “This was an exciting new insight.
But what surprised us most was that when these mice are treated with a drug that inhibits 15-PGDH
activity, the nerve grows back and makes contact with the muscle more quickly than in control animals,

and that this leads to a faster recovery of strength and function.”

Additional experiments showed that treatment with the drug restored neuromuscular junctions lost
during aging and increased muscle strength and function in old laboratory mice. The researchers also
identified discrete clumps of 15-PGDH in the muscle fibers of people with several types of
neuromuscular disorders suggesting that the gerozyme may have a role in causing these human

disorders.

Blau and her colleagues plan to investigate at a molecular level how neural growth is stimulated by
blocking 15—-PGDH activity. Blau has also co—founded a company, Epirium Bio, to develop similar drugs
for use in humans. Although her lab is still conducting animal studies, the company hopes to launch a

clinical trial within the next year or so.

“Our next steps will be to examine whether blocking 15-PGDH function in people with spinal muscular

atrophy can increase lost muscle strength in combination with gene therapy or other treatments,”


https://med.stanford.edu/news/all-news/2017/06/inflammatory-molecule-essential-to-muscle-regeneration.html

Blau said. “We are also looking at ALS to see if something like this might help these patients. It' s

really exciting that we are able to affect both muscle function and motor neuron growth.”

The research was supported by the National Institutes of Health (grants K99NS120278, ROONS120278,
RO1-AG020961, RO1-AG069858 and RO1-RHG009674), the Canadian Institutes of Health, a Stanford
Translational Research and Applied Medicine pilot grant, the Donald E. and Delia B. Baxter Foundation,
the Li Ka Shing Foundation, the Milky Way Research Foundation and the California Institute for

Regenerative Medicine.

Blau is an inventor on several patents related to the research and a co—founder, consultant and equity
holder of Epirium Bio, which has licensed patents regarding 15-PGDH inhibition to improve muscle

strength.
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Researchers reveal link between Alzheimer's
and sex hormones

Use of female animal models in the lab led to crucial finding

Date:

October 17, 2023

Source:

University of Western Ontario

Summary:

Researchers have shown female sex hormones play a significant role in how Alzheimer's
manifests in the brain. The study also highlights the importance of developing therapeutic
strategies focused on these hormonal connections. The research indicates a need to


https://www.sciencedaily.com/releases/2023/10/231017123435.htm

better understand the role of estradiol -- a form of the female sex hormone estrogen,
used therapeutically to mitigate menopause symptoms -- in Alzheimer's disease.

FULL STORY

Alzheimer's disease disproportionately affects women, who represent about
two-thirds of those diagnosed with the late-onset type of the disease.

Previous research has shown Alzheimer's is also more severe and progresses more rapidly in
women, and women with Alzheimer's experience a steeper cognitive decline -- loss of memory,
attention, and the ability to communicate and make decisions -- compared to men with the
disease.

The biological bases for these differences between men and women with Alzheimer's disease
are not well understood. However, understanding them is necessary for developing appropriate
therapies.

In a new study in mice and humans, Western University researchers have shown female sex
hormones play a significant role in how Alzheimer's manifests in the brain.

The study, published in Alzheimer's & Dementia: The Journal of the Alzheimer's Association,
also highlights the importance of developing therapeutic strategies focused on these hormonal
connections. The research indicates a need to better understand the role of estradiol -- a form of
the female sex hormone estrogen, used therapeutically to mitigate menopause symptoms -- in
Alzheimer's disease.

While the significance of the findings is paramount, the methodology behind them is equally
critical, pointing to a necessary shift in scientific approaches.

"To understand how sex hormones play a role in Alzheimer's, we need to study appropriate
animal models. Unfortunately, most studies at this level still focus mainly on the male brain. Our
research emphasizes the importance of using animal models that reflect, for instance,
postmenopausal women, to understand how sex hormones influence Alzheimer's pathology,"
said Vania Prado, professor, departments of physiology and pharmacology and anatomy & cell
biology at Schulich School of Medicine & Dentistry and scientist at Robarts Research Institute.

This study was led by graduate student Liliana German-Castelan, under the supervision of Vania
Prado.

Alzheimer's and the communication system of the brain

One of the key markers of Alzheimer's disease is the toxic build-up of the protein beta-amyloid in
the brain, which eventually disrupts the brain's communications system and impacts cognition.

The new study shows that the brain chemistry of male and female mice regulates beta-amyloid
protein in Alzheimer's in different ways, with the hormone estradiol contributing to this variation.

Previous studies on mice and at-risk older individuals have revealed that cholinergic neurons, a
type of brain cells that produce the chemical messenger acetylcholine, are particularly vulnerable
to the damaging Alzheimer's-associated beta-amyloid accumulation in the brain. Additionally,
acetylcholine has been shown to be essential for normal memory and cognition.

While beta-amyloid aggregation impacts the production of acetylcholine, the subsequent loss of
this chemical messenger further increases Alzheimer's pathology, creating a vicious loop.



The team of Western researchers studied this interaction between changes in brain chemistry
and the beta-amyloid protein build-up seen in brains impacted by Alzheimer's.

"Since male and female brains have differences in the cholinergic system, we wanted to see if
sex affects this relationship between acetylcholine signalling and the beta-amyloid protein
buildup,” said Marco Prado, professor, departments of physiology and pharmacology and
anatomy and cell biology. Marco Prado, one of the authors of the study, is also the Canada
Research Chair in Neurochemistry of Dementia and a scientist at Robarts Research Institute.

From bench to real-world: representation of sexes matters

In this study, the researchers observed differences in beta-amyloid accumulation in male and
female mice when changing the levels of cholinergic activity. Additionally, they analyzed brain
MRI images of healthy older humans.

Different from most studies in humans, in which the MRI scans of man and women are analyzed
together, Western professor Taylor Schmitz and graduate student Hayley Shanks analyzed MRI
brain scans and the rate of brain loss for aged men and women independently.

"We observed that the relationship between the integrity of the brain region where cholinergic
neurons reside and beta-amyloid accumulation was the same for men and women but was
different in male and female mice," said Marco Prado. The researchers suspected that the fact
the female mice being studied were not post-menopausal, while women were, could be an
attributing factor to the difference.

The lead author of the study, German-Castelan, intrigued by the sex differences, decided to
introduce another layer of testing into the mouse models and with the help of Western researcher
Robert Gros studied female mice who were closely modelled to represent postmenopausal
women. This was done to investigate how the presence or lack of sex hormones could impact
the relationship between cholinergic signalling and the beta-amyloid buildup in the brain.

"We found that when the sex hormone estradiol was present, the relationship between
acetylcholine and toxic amyloid was lost, but when sex hormones were eliminated in the female
mice that relationship reproduced the results seen in humans," said German-Castelan.

These findings also point to the urgent need to study amyloid and cholinergic function in the 'peri-
menopausal' age range of 40-50 years, which is much younger than the individuals examined in
most large-scale studies of Alzheimer's disease. Indeed, the sample examined in this study were
closer to the age of 70 on average.

"Which explains why there were differences between the results of male and female mice and
men and women in our initial exploration," said German-Castelan.

Researchers emphasized that if they hadn't included female mice in the study, they might have
missed crucial information about Alzheimer's and sex differences.

"Women and men respond differently to medications and have a somewhat different journey in
Alzheimer's. To develop more effective therapeutics, we need to study animal models that can
reproduce different aspects of the journey. Sex hormones and estradiol levels are just one of
these factors," said Vania Prado.

Other authors on the study include Western researchers Lisa M. Saksida and Timothy J. Bussey,
and Takashi Saito and Takaomi C. Saido of RIKEN Center for Brain Science, Japan

Story Source:

Materials provided by University of Western Ontario. Original written by Prabhjot Sohal. Note:
Content may be edited for style and length.
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Two probiotics identified as promising
hypertension treatiments
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An estimated 40% of the global adult population have high blood pressure, or hypertension,
which puts people at risk of cardiovascular disease and other dangerous health conditions.
Recent studies suggest that probiotics may offer a protective effect, but researchers
have a limited understanding of why shaping the gut microbiota can regulate blood
pressure.

A study published in mSystems adds two new strains to the list of potential
antihypertensive probiotics.

In experiments on hypertensive mice, treatment with the two probiotics, Bifidobacterium
lactis and Lactobacillus rhamnosus, returned blood pressure to normal levels. The
researchers also tracked how those probiotics altered the animals’ gut microbial mix over
16 weeks, identifying specific microbes and metabolic pathways that may help explain the
protective effect.

“Accumulated evidence supports an antihypertensive effect of probiotics and probiotic
fermented foods in both in vitro and in vivo experiments,” said computational biologist
Jun Li, Ph.D., at the City University of Hong Kong. Her team worked with that of
microbiologist Zhihong Sun, Ph.D., at Inner Mongolia Agricultural University, on the study.
“So we believed that the dietary intake of probiotic foods would well supplement
traditional hypertension treatment.”

Previous studies have connected the rising rates of hypertension worldwide to increasing
consumption of sugar. It likely boosts blood pressure through many mechanisms—


https://journals.asm.org/doi/10.1128/msystems.00331-23
https://medicalxpress.com/tags/metabolic+pathways/

increased insulin resistance or salt retention, for example—but in recent years

researchers have investigated sugar’s effect on the gut microbiome, as well.

In the new study, the researchers tested the two probiotic strains on mice that

developed high blood pressure after consuming water mixed with fructose. Over 16 weeks,
they measured the animals’ blood pressures every four weeks. They found that fructose—
fed mice that received either probiotic showed significantly lower blood pressures than
those fed a high fructose diet and not treated with probiotics.

In addition, the researchers found no difference between the blood pressure readings of
fructose—fed mice that received probiotics and a control group of mice that only drank
water. That suggests probiotic interventions would maintain blood pressure at normal
levels, Li said.

The researchers used shotgun metagenomic sequencing to probe connections between
the altered gut microbiota and the change in blood pressure. They found that a high—
fructose diet in the mice led to an increase in Bacteroidetes and a decrease in Firmicutes
bacteria; however, treatment with probiotics returned those populations to those found in
the control group.

In addition, the analysis identified new microbial signatures associated with blood
pressure: Increased levels of Lawsonia and Pyrolobus bacteria, and reduced levels of
Alistipes and Alloprevotella, were associated with lower blood pressure.

The researchers are now planning a large clinical trial to see if the protective effect

of probiotics extend to people with hypertension. “Probiotics present a promising avenue
in preventive medicine,” Sun said, “offering potential in regulating hypertension and
reshaping our approach to cardiovascular health.”

More information: mSystems (2023). journals.asm.org/doi/10.1128/msystems.00331-23

Provided by American Society for Microbiology
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Imprinted genes in the 'parenting hub' of the
brain determine if mice are good parents

Study identifies Magel2, a novel imprinted gene that affects nesting behavior
Date:

October 19, 2023
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Source:
PLOS
Summary:

Whether a mouse is a good or bad parent can be traced back to imprinted genes in key
neurons in the ‘parenting hub' in the brain, according to a new study.

FULL STORY

Whether a mouse is a good or bad parent can be traced back to imprinted
genes in key neurons in the "parenting hub" in the brain, according to a
new study by Anthony Isles of Cardiff University and colleagues, published
October 19 in the journal PLOS Genetics.

In mice, there is some evidence that an unusual phenomenon in mammals called genomic
imprinting impacts parenting behavior. Mammals inherit two copies of each gene -- one from
each parent -- and usually, each copy is expressed equally in the cell. With imprinted genes,
however, only one copy is expressed, either the one inherited from the father or the mother. To
confirm that imprinted genes play a role in parenting, Isles' team used sequencing data from
neurons in the parenting hub in the hypothalamus of mice. They found that imprinted genes are
especially common among the genes expressed in these cells, including Magel2, a novel
imprinted gene that was not previously linked to parenting. Further experiments showed that
mice lacking an active form of Magel2 were inattentive parents that made subpar nests.

The new findings show that genomic imprinting plays an important role in controlling parenting
behavior in mice. Interestingly, previous research has shown that if mouse pups lose the paternal
version of Magel2, they make fewer ultrasonic vocalizations, which they use to get their mother's
attention. Together, these results support the idea that genomic imprinting has evolved to
coordinate parenting activities between a mother and her pups.

The authors add: "Our study demonstrates the importance of imprinted genes as a group in
neural circuitry that controls parenting behavior in mammals. These findings imply that the
maternal and paternal genomes may differentially manipulate parental care for their own ends,
and thus shaping the evolution of parenting behavior in mammals."

Story Source:

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

Journal Reference:

1. Matthew J. Higgs, Anna E. Webberley, Alasdair J. Allan, Moaz Talat, Rosalind M. John,
Anthony R. Isles. The parenting hub of the hypothalamus is a focus of imprinted
gene action. PLOS Genetics, 2023; 19 (10): e1010961
DOI: 10.1371/journal.pgen.1010961
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[Why do some men not produce sperm?

Scientists uncover one underlying reason for male infertility
Date:

October 20, 2023
Source:
Stowers Institute for Medical Research

Summary:


https://www.sciencedaily.com/releases/2023/10/231020182035.htm

Millions of couples worldwide experience infertility with half of the cases originating in
men. For 10 percent of infertile males, little or no sperm are produced. Now, new
research is shedding light on what may be going wrong in the process of sperm formation,
leading to potential theories on possible treatments.

FULL STORY

Millions of couples worldwide experience infertility with half of the cases
originating in men. For 10% of infertile males, little or no sperm are
produced. Now, new research from the Stowers Institute for Medical
Research, in collaboration with the Wellcome Centre for Cell Biology at the
University of Edinburgh, is shedding light on what may be going wrong in
the process of sperm formation, leading to potential theories on possible
treatments.

"A significant cause of infertility in males is that they just cannot make sperm," said Stowers
Investigator Scott Hawley, Ph.D. "If you know exactly what is wrong, there are technologies
emerging right now that might give you a way to fix it."

The study published on October 20, 2023, in Science Advances from the Hawley Lab and
Wellcome Centre Investigator Owen Davies, Ph.D., may help explain why some men do not
make enough sperm to fertilize an egg. In most sexually reproducing species, including humans,
a critical protein structure resembling a lattice-like bridge needs to be built properly to produce
sperm and egg cells. The team led by former Postdoctoral Research Associate Katherine
Billmyre, Ph.D., discovered that in mice, changing a single and very specific point in this bridge
caused it to collapse, leading to infertility and thus providing insight into human infertility in males
due to similar problems with meiosis.

Meiosis, the cell division process giving rise to sperm and eggs, involves several steps, one of
which is the formation of a large protein structure called the synaptonemal complex. Like a bridge,
the complex holds chromosome pairs in place enabling necessary genetic exchanges to occur
that are essential for the chromosomes to then correctly separate into sperm and eggs.

"A significant contributor to infertility is defects in meiosis," said Billmyre. "To understand how
chromosomes separate into reproductive cells correctly, we are really interested in what happens
right before that when the synaptonemal complex forms between them."

Previous studies have examined many proteins comprising the synaptonemal complex, how they
interact with each other, and have identified various mutations linked to male infertility. The
protein the researchers investigated in this study forms the lattices of the proverbial bridge, which
has a section found in humans, mice, and most other vertebrates suggesting it is critical for
assembly. Modeling different mutations in a potentially crucial region in the human protein
enabled the team to predict which of these might disrupt protein function.

The authors used a precise gene editing technique to make mutations in one key synaptonemal
complex protein in mice, which allowed the researchers, for the first time, to test the function of
key regions of the protein in live animals. Just a single mutation, predicted from the modeling
experiments, was verified as the culprit of infertility in mice.

"We're talking about pinpoint surgery here," said Hawley. "We focused on a tiny little region of
one protein in this gigantic structure that we were pretty sure could be a significant cause of
infertility."



Mice have long been used as models for human diseases. From the modeling experiments using
human protein sequences, along with the high conservation of this protein structure across
species, the precise molecule that caused infertility in mice likely functions the same way in
humans.

"What is really exciting to me is that our research can help us understand this really basic
process that is necessary for life," said Billmyre.

For Hawley, this research is a true representation of the versatility of the Institute. Hawley's lab
typically conducts research in fruit flies, yet the protein discovered in this study was not present
in fruit flies and demanded a different research organism to continue. Because of the resources
and Technology Centers at the Institute, it was possible to quickly pivot and test the new infertility
hypothesis in mice.

"l can't imagine another place where this could happen,” said Hawley. "I think it's an amazing
example of how the Stowers Institute's dedication toward discovery can yield big results
providing important leaps forward in understanding.”

Additional authors include Emily A. Kesler, Dai Tsuchiya, Ph.D., Timothy J. Corbin, Kyle Weaver,
Andrea Moran, Zulin Yu, Ph.D., Lane Adams, Kym Delventhal, Michael Durnin, Ph.D., and Owen
Richard Davies, Ph.D.

This work was funded by the Wellcome Centre for Cell Biology (award: 203149), the Wellcome
Senior Research Fellowship (award: 219413/Z/19/Z), and by institutional support from the
Stowers Institute for Medical Research.

Story Source:

Materials provided by Stowers Institute for Medical Research. Note: Content may be edited for
style and length.
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|Cancer's sweet Achilles heel

Unlocking the power of sugar chains holds a key to cancer immunotherapy

Peer-Reviewed Publication

KYOTO UNIVERSITY
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IMAGE:

WEAKLY IMMUNOGENIC AND STRONGLY IMMUNOGENIC TUMOR CELLS WERE SUBCUTANEOUSLY
TRANSPLANTED INTO B4GALT3 KNOCKOUT AND WILD-TYPE MICE TO COMPARE TUMOR CELL
GROWTH IN KNOCKOUT AND WILDTYPE MICE.

view more

Kyoto, Japan -- An old campaign slogan for cough syrup, "It tastes awful. And it works,"
seemed to imply that any sweet content might have diminished the medicinal effect.

Sweetness, in the case of cancer, appears as a chain of sugar molecules attached to proteins
by betal,4-galactosyltransferase-3, or B4GALT3 According to the Cancer Genome Atlas, a high
expression of this enzyme is associated with noticeably shortened survival rates in several
types of immunotherapy cancers, such as neuroblastoma, cervical, and bladder cancer.
However, the specific role of BAGALT3 in the tumor immune microenvironment -- or TIME --
was still unknown.

Now, a team of researchers at Kyoto University and Yokohama City University has found
that B4GALT3 deficiency in mice TIME inhibits tumor growth. The study shows that a
significant reduction of glycosylation -- a type of protein modification -- on T cell surfaces

correlates with increases in CD8+ immune cells infiltrating tumors.
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"In BAGALT3 knockout or KO mice, we demonstrated the potential of manipulating
glycosylation of the T cell surface as a new approach to cancer immunotherapy," says Heng
Wei of Kyoto University's Graduate School of Medicine.

By purifying membrane proteins and enzymatically cleaving them to enrich glycopeptides,
the team could identify the sites and structures of glycans -- complex and highly branched
sugar chains -- and the amount of glycoproteins. The role of glycans has attracted much
attention in studies on cancer cells, which proliferate and metastasize, depending on their
interaction with their microenvironment.

The team subcutaneously transplanted weakly immunogenic and strongly immunogenic tumor
cells into B4GALT3 knockout and wild-type mice, to examine for tumor cell growth. Only the
knockout mice suppressed the growth of strongly immunogenic tumor cells.

In addition, the increased CD8+ T cells in knockout mice secreted anti-cancer
compounds Interferon-y and Granzyme B.

"We found that the loss of BAGALT3 caused significant fluctuations in gene expression in the
immune system, a discovery which has significantly changed the direction of our next phase
of research," adds coauthor Chie Naruse.

"We have gained insight into the role of glycans in cancer progression and immune
response, inspiring possibilities of BAGALT3-centered cancer therapies," says team leader
Masahide Asano.

H#H#

The paper "Beta-1,4-galactosyltransferase-3 deficiency suppresses the growth of.
immunogenic tumors in mice" appeared on 9 October 2023 in Frontiers in Immunology, with
doi: 10.3389/fimmu.2023.1272537

About Kyoto University

Kyoto University is one of Japan and Asia's premier research institutions, founded in 1897
and responsible for producing numerous Nobel laureates and winners of other prestigious
international prizes. A broad curriculum across the arts and sciences at undergraduate and
graduate levels complements several research centers, facilities, and offices around Japan
and the world. For more information, please see: http://www.kyoto-u.ac.jp/en
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CBD and CBG may promote bone fracture
healing, manage pain
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Penn State College of Medicine researchers are studying how cannabinoids may manage
pain and promote bone healing in bone fractures. Fluorescence microscopy reveals how
periosteal bone progenitors, which later develop into specialized bone cells that help bone
tissue for, appear in healing tissue. Credit: Reyad Elbarbary/Penn State

Cannabidiol (CBD) and cannabigerol (CBG) might someday help bone fracture
patients manage their pain, according to a Penn State study. In a study in mice, the
researchers unexpectedly found that the cannabinoids also promoted fracture
healing.

The results were published in the Journal of Bone and Mineral Research.

Scientists estimate that more than 178 million people suffer from bone fracture
injuries annually around the globe. According to corresponding author Reyad
Elbarbary, associate professor of orthopedics and rehabilitation at Penn State
College of Medicine, current methods for managing pain, often nonsteroidal anti-
inflammatory drugs (NSAIDS) like aspirin, are not optimal.

"NSAIDS may help patients manage pain, but they also reduce inflammation, which is
a crucial first step in fracture healing," Elbarbary said. "An alternative for pain
management is needed that does not prevent inflammation from occurring."

Elbarbary and his team's primary goal was to measure CBD and CBG's separate
abilities to alleviate pain in mice. The team, in what they called the first study to
analyze cannabinoids in the context of fracture healing and pain management, found
that the cannabinoids were comparable to the NSAIDS in their ability to manage pain.
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But they said they were also surprised to find that CBD and CBG helped with the
fracture healing process.

With immunofluorescence microscopy, microcomputer tomography imaging and
biomechanical testing, the researchers studied the fracture healing process—
everything from bone density and bone strength to the expression of genes that are
necessary for the progression of fracture healing.

In the early phase of treatment, the cannabinoids were associated with an increase
in the abundance of periosteal bone progenitors, which later develop into specialized
bone cells that help bone tissue form. During the later phase of healing, CBD and
CBG accelerated the process by which the body absorbs minerals to strengthen
newly formed bone.

"Both treatments led to higher bone volume fraction and mineral density than with
NSAID treatments, which leads to a functional and healthy newly formed bone,"
Elbarbary said. "We still have a lot to learn about the biological mechanisms behind
what we observed."

According to Elbarbary, future research will focus on defining the cellular and
molecular processes behind the cannabinoids' role in early and late stages of
fracture healing, as well as developing a clinical formulation for use in adult fracture
patients. While CBD is already approved by the Federal Drug Administration to treat
seizures in children, finding a formulation, or dose, that is suitable for adults in the
context of bone fractures will be a critical next step, Elbarbary said.

"There is already robust safety information gathered on CBD," Elbarbary explained.
"CBG is more investigational at this stage. It's more likely that CBD would be
repurposed for treating fractures once a formulation is found and its efficacy for
treatment in the context of bone fractures is determined.”

More information: Deepak Kumar Khajuria et al, Cannabidiol and Cannabigerol,
Nonpsychotropic Cannabinoids, as Analgesics that Effectively Manage Bone
Fracture Pain and Promote Healing in Mice, Journal of Bone and Mineral
Research (2023). DOI: 10.1002/jbmr.4902

Journal information: Journal of Bone and Mineral Research
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