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‘Fight or flight’ — unless internal clocks are
disrupted, study in mice shows

Date:

October 1, 2021

Source:

Washington University in St. Louis

Summary:
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Daily release of hormones depends on the coordinated activity of clocks in two parts of
the brain, a finding that could have implications for human diseases.

FULL STORY

For humans and animals, many aspects of normal behavior and physiology
rely on the proper functioning of the body's circadian clocks.

Here's how it's supposed to work: Your brain sends signals to your body to release different
hormones at certain times of the day. For example, you get a boost of the hormone cortisol --
nature's built-in alarm system -- right before you usually wake up.

But hormone release actually relies on the interconnected activity of clocks in more than one part
of the brain. New research from Washington University in St. Louis shows how daily release of
glucocorticoids depends on coordinated clock-gene and neuronal activity rhythms in neurons
found in two parts of the hypothalamus, the suprachiasmatic nucleus (SCN) and paraventricular
nucleus (PVN).

The new study, conducted with freely behaving mice, is published Oct. 1 in Nature
Communications.

"Normal behavior and physiology depends on a near 24-hour circadian release of various
hormones," said Jeff Jones, who led the study as a postdoctoral research scholar in biology in
Arts & Sciences and recently started work as an assistant professor of biology at Texas A&M
University. "When hormone release is disrupted, it can lead to numerous pathologies, including
affective disorders like anxiety and depression and metabolic disorders like diabetes and obesity.

"We wanted to understand how signals from the central biological clock -- a tiny brain area called
the SCN -- are decoded by the rest of the brain to generate these diverse circadian rhythms in
hormone release," said Jones, who worked with Erik Herzog, the Viktor Hamburger
Distinguished Professor in Arts & Sciences at Washington University and senior author of the
new study.

The daily timing of hormone release is controlled by the SCN. Located in the hypothalamus, just
above where the optic nerves cross, neurons in the SCN send daily signals that are decoded in
other parts of the brain that talk to the adrenal glands and the body's endocrine system.

"Cortisol in humans (corticosterone in mice) is more typically known as a stress hormone
involved in the ‘fight or flight' response," Jones said. "But the stress of waking up and preparing
for the day is one of the biggest regular stressors to the body. Having a huge amount of this
glucocorticoid released right as you wake up seems to help you gear up for the day."

Or for the night, if you're a mouse.

The same hormones that help humans prepare for dealing with the morning commute or a
challenging work day also help mice meet their nightly step goals on the running wheel.

Using a novel neuronal recording approach, Jones and Herzog recorded brain activity in
individual mice for up to two weeks at a time.

"Recording activity from identified types of neurons for such a long period of time is difficult and
data intensive," Herzog said. "Jeff pioneered these methods for long-term, real-time observations
in behaving animals."
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Using information about each mouse's daily rest-activity and corticosterone secretion, along with
gene expression and electrical activity of targeted neurons in their brains, the scientists
discovered a critical circuit between the SCN and neurons in the PVN that produce the hormone
that triggers release of glucocorticoids.

Turns out, it's not enough for the neurons in the SCN to send out daily signals; the ‘local’ clock in
the PVN neurons also has to be working properly in order to produce coordinated daily rhythms
in hormone release.

Experiments that eliminated a clock gene in the circadian-signal-receiving area of the brain broke
the regular daily cycle.

"There's certain groups of neurons in the SCN that communicate timing information to groups of
neurons in the PVN that regulate daily hormone release,” Jones said. "And for a normal hormone
rhythm to proceed, you need clocks in both the central pacemaker and this downstream region to
work in tandem."”

The findings in mice could have implications for humans down the road, Jones said. Future
therapies for cortisol-related diseases and genetic conditions in humans will need to take into
account the importance of a second internal clock.

Story Source:

Materials provided by Washington University in St. Louis. Original written by Talia
Ogliore. Note: Content may be edited for style and length.

Journal Reference:

1. Jeff R. Jones, Sneha Chaturvedi, Daniel Granados-Fuentes, Erik D. Herzog. Circadian
neurons in the paraventricular nucleus entrain and sustain daily rhythms in
glucocorticoids. Nature Communications, 2021; 12 (1) DOI: 10.1038/s41467-021-
25959-9
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A map of mouse brain metabolism in aging

Date:
October 15, 2021

Source:
University of California - Davis

Summary:
Researchers have created an atlas of metabolites in the mouse brain. The dataset
includes 1,547 different molecules across 10 brain regions in male and female laboratory
mice from adolescence through adulthood and into advanced old age. The complete
dataset is publicly available online.

FULL STORY
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The first atlas of metabolites in the mouse brain has been published by a
team led by UC Davis researchers. The dataset includes 1,547 different
molecules across 10 brain regions in male and female laboratory mice from
adolescence through adulthood and into advanced old age. The work is
published Oct. 15 in the Nature Communications.

"This is the largest metabolome analysis available on the brain, worldwide. It covers 1,547
identified metabolites, enabling analysis of many chemical conversions for energy,
neurotransmitters or complex lipids in the brain," said Professor Oliver Fiehn, director of the West
Coast Metabolomics Center at the UC Davis Genome Center and senior author on the paper.

Metabolomics is the study of the chemical fingerprints of metabolism in living cells. It uses
advanced high-throughput techniques to separate and identify all the different chemicals, or
metabolites, present at a given time in a cell, tissue or organ. Alongside genomics,
transcriptomics and proteomics, these techniques allow scientists to better understand what is
happening inside cells and tissues.

Postdoctoral scholar Jun Ding, Fiehn and colleagues sampled mice at ages 3 weeks
(adolescent), 16 weeks (early adult), 59 weeks (middle age) and 92 weeks (old age). They
looked at ten separate brain regions with different functions. The new atlas can be used to better
understand these different functions, Fiehn said.

The results show that the brain metabolome clearly is clearly distinct between large brain regions
such as the brainstem, which controls vital functions such as breathing and blood pressure, from
the cerebrum, which controls movements, speech and thinking, Fiehn said. In addition, specific
sections showed high concentrations of metabolites associated with particular receptors, such as
adenosine, ceramides and phospholipid ethers.

They did not find any significant metabolic differences between the brains male and female mice.
Metabolome of the aging brain

When the team compared animals of different ages, they found that overall, adult mice showed
the greatest metabolic difference between brain sections. The differences between regions were
less in adolescence and much less at very old ages.

"At very old age, energy functions appear to be less efficient, and the myelin sheaths that
surround the axons, or wiring, of the brain change composition," Fiehn said.

Lipid molecules especially showed large differences in aging and across brain regions. These
lipids deserve specific investigation to see how they relate to changes in brain function, for
example in signaling.

At very old age, the response system against oxidative stress becomes very active, while
proteins start breaking down into peptides at an increased rate, he said. These changes are
reflected in the metabolome.

The work was conducted in collaboration with the UC Davis Mouse Biology Program, led by
Professor Kent Lloyd.

"This landmark paper clearly demonstrates the power of the laboratory mouse as a model to
accelerate our understanding of brain metabolism, including and especially in humans," Lloyd
said.

The complete dataset is publicly available at https://mouse.atlas.metabolomics.us/.
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Story Source:

Materials provided by University of California - Davis. Original written by Andy Fell. Note:
Content may be edited for style and length.

Journal Reference:

1. Jun Ding, Jian Ji, Zachary Rabow, Tong Shen, Jacob Folz, Christopher R. Brydges, Sili
Fan, Xinchen Lu, Sajjan Mehta, Megan R. Showalter, Ying Zhang, Renee Araiza, Lynette
R. Bower, K. C. Kent Lloyd, Oliver Fiehn. A metabolome atlas of the aging mouse
brain. Nature Communications, 2021; 12 (1) DOI: 10.1038/s41467-021-26310-y
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Key protein linked to appetite and obesity in
mice

Date:
October 15, 2021

Source:
Okinawa Institute of Science and Technology (OIST) Graduate University

Summary:
Researchers have identified a protein that plays a key role in how the brain regulates
appetite and metabolism. Loss of the protein, XRN1, from the forebrain, resulted in obese
mice with an insatiable appetite, according to a new study.

FULL STORY

Researchers from the Okinawa Institute of Science and Technology
Graduate University (OIST) have identified a protein that plays a key role in
how the brain regulates appetite and metabolism. Loss of the protein,
XRN1, from the forebrain, resulted in obese mice with an insatiable
appetite, according to a new study published in the journal, iScience.

Obesity is a growing public health concern, with over 650 million adults worldwide designated as
obese. The condition has been linked to many disorders, including cardiovascular disease, type
2 diabetes and cancer.

"Fundamentally, obesity is caused by an imbalance between food intake and energy
expenditure," said Dr. Akiko Yanagiya, a researcher in the Cell Signal Unit at OIST, headed by
Professor Tadashi Yamamoto. "But we still understand very little about how appetite or
metabolism is regulated by communication between the brain and parts of the body, such as the
pancreas, liver and adipose tissues."

In the study, the scientists created mice that were unable to produce the protein, XRN1, in a
subset of neurons in the forebrain. This brain region includes the hypothalamus, an almond-sized
structure that releases hormones into the body, helping to regulate body temperature, sleep,
thirst and hunger.

At 6-weeks-old, the scientists noticed that the mice without XRN1 in the brain rapidly began to
gain weight and became obese by 12 weeks of age. Fat accumulated in the mice's body,
including within adipose tissue and the liver.

When they monitored feeding behavior, the team found that the mice without XRN1 ate almost
twice as much each day as the control mice.
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"This finding was really surprising," said Dr. Shohei Takaoka, a former PhD student from the
OIST Cell Signal Unit. "When we first knocked out XRNL1 in the brain, we didn't know exactly
what we would find, but this drastic increase in appetite was very unexpected.”

To investigate what might be causing the mice to overeat, the scientists measured the blood
levels of leptin -- a hormone that suppresses hunger. Compared to the controls, the level of leptin
in the blood was abnormally high, which would normally stop the mice from feeling hungry. But
unlike the control mice, the mice without XRN1 didn't respond to the presence of leptin -- a
condition known as leptin resistance.

The scientists also found that 5-week-old mice were resistant to insulin, a hormone that is
released by beta cells in the pancreas in response to the high levels of blood glucose that occur
after eating. This type of failure in how the body responds to glucose and insulin can ultimately
lead to diabetes. As the mice got older, levels of glucose and insulin in the blood rose
significantly alongside the increased leptin levels.

"We think that the levels of glucose and insulin rose due to the lack of response to leptin,”
explained Dr. Yanagiya. "Leptin resistance meant that the mice kept eating, keeping the level of
glucose in the blood high, and therefore increasing insulin in the blood."

The scientists then checked whether the obesity was also driven by the mice using less energy.
They placed each mouse in a special cage that measured how much oxygen the mice used to
indirectly work out their metabolic rate.

In the mice aged 6 weeks, the scientists didn't find an overall difference in energy expenditure.
However, they found something very surprising. The mice without XRN1 were mainly using
carbohydrates as an energy source, while the control mice were able to switch between burning
carbohydrate at night, when they were most active, and fat during the day, when less active.

"For some reason, this means that without XRN1, the mice cannot use fat as a fuel effectively,"
said Dr. Yanagiya. "Why this occurs though, we still don't know."

Once the mice reached 12 weeks of age, their energy expenditure decreased compared to
control mice. But, the scientists believed, this was an effect of obesity, due to the mice being less
active, rather than a cause.

"Overall, we think overeating due to leptin resistance was the driving cause behind why these
mice became obese," said Dr. Yanagiya.

To further investigate how loss of XRN1 results in leptin resistance and an increased appetite,
the scientists looked at whether the activity of appetite-regulating genes changed within the
hypothalamus.

XRNL1 plays a crucial role in gene activity, as it is involved in the last step of degrading
messenger RNA (mMRNA). When a gene is active, DNA is used to make a molecule of mRNA,
which can then be used to build a specific protein. Cells have many ways of regulating the
activity of genes, one of which is by degrading mRNA more slowly or more quickly, which results
in more or less protein being made, respectively.

In the hypothalamus, the scientists found that the mRNA used to make the protein Agouti-related
peptide (AgRP) -- one of the most potent stimulators of appetite -- was elevated in the obese
mice, leading to higher amounts of AgRP protein.

"It's still only speculation, but we think that an increase of this protein, and abnormal activation of
the neuron that produces it, might be the cause of leptin resistance in these mice," said Dr.
Yanagiya. "Leptin normally suppresses activity of the AgRP neuron, but if loss of XRN1 results in
this neuron remaining highly active, it could override the leptin signal.”

However, the exact mechanism of how loss of XRN1 leads to increased activation of AgRP
neurons remains unclear. XRN1 was removed only in a specific subset of neurons in the
forebrain, and AgRP neurons were not among them. This suggests that another neuron that did
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lose XRN1 may be involved and could be signaling incorrectly to the AQRP neurons and keeping
them active.

Moving forward, the lab hopes to collaborate with neuroscience research units, in order to
pinpoint exactly how XRN1 impacts the activity of neurons in the hypothalamus to regulate
appetite.

"ldentifying which neurons and proteins in the brain are involved in regulating appetite, and fully
determining how resistance to leptin is caused, could eventually lead to a targeted treatment for
obesity," said Dr. Yanagiya.

Story Source:

Materials provided by Okinawa Institute of Science and Technology (OIST) Graduate
University. Original written by Dani Ellenby. Note: Content may be edited for style and length.
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Fasting is required to see the full benefit of
calorie restriction in mice

Credit: Pixabay/CCO Public Domain

Over the last few decades, scientists have discovered that long-term calorie
restriction provides a wealth of benefits in animals: lower weight, better blood sugar
control, even longer lifespans.

Researchers have largely assumed that reduced food intake drove these benefits by
reprogramming metabolism. But a new study from University of Wisconsin—Madison
researchers finds that reduced calorie intake alone is not enough; fasting is essential
for mice to derive full benefit.

The new findings lend support to preliminary evidence that fasting can boost health
in people, as trends like intermittent fasting continue to hold sway. These human and
animal studies have added to the growing picture of how health is controlled by
when and what we eat, not just how much.

The research further emphasizes the complexity of nutrition and metabolism and
provides guidance to researchers trying to untangle the true causes of diet-induced
health benefits in animals and humans.

The researchers discovered that, combined with eating less, fasting reduces frailty in
old age and extends the lifespan of mice. And fasting alone can improve blood sugar
and liver metabolism.

Surprisingly, mice that ate fewer calories but never fasted died younger than mice
that ate as much as they wanted, suggesting that calorie restriction alone may be
harmful.
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The research was led by UW School of Medicine and Public Health metabolism
researcher Dudley Lamming, his graduate student Heidi Pak and their colleagues at
UW-Madison and other institutions. The team published their findings Oct. 18

in Nature Metabolism.

Pak and Lamming were inspired to conduct the study because researchers began to
realize that previous studies had unintentionally combined calorie restrictions with
long fasts by providing animals with food just once a day. It was difficult, then, to
distinguish the effects of one from the other.

"This overlap of treatment—both reducing calories and imposing a fast—was
something that everybody saw, but it wasn't always obvious that it had biological
significance," says Lamming, who has long studied the effect of restricted diets on
metabolism. "It's only been in the past few years that people started getting
interested in this issue."

To untangle these factors, Lamming's group designed four different diets for mice to
follow. One group ate as much as they wanted whenever they wanted. Another group
ate a full amount, but in a short period of time—this gave them a long daily fast
without reducing calories.

The other two groups were given about 30% fewer calories either once a day or
dispersed over the entire day. That meant that some mice had a long daily fast while
others ate the same reduced-calorie diet but never fasted, which differed from most
previous studies of calorie restriction.

It turned out that many of the benefits originally ascribed to calorie restriction
alone—better blood sugar control, healthier use of fat for energy, protection from
frailty in old age and longer lifespans—all required fasting as well. Mice who ate
fewer calories without fasting didn't see these positive changes.

Fasting on its own, without reducing the amount of food eaten, was just as powerful
as calorie restriction with fasting. Fasting alone was enough to improve insulin
sensitivity and to reprogram metabolism to focus more on using fats as a source of
energy. The livers of fasting mice also showed the hallmarks of healthier
metabolism.

The researchers did not study the effect of fasting alone on lifespan or frailty as
mice aged, but other studies have suggested that fasting can provide these benefits
as well.

While the mice that ate fewer calories without ever fasting did show some improved
blood sugar control, they also died younger. Compared with mice who both ate less
and fasted, these mice that only ate less died about 8 months earlier on average.

"That was quite surprising,”" says Lamming, although other studies have also shown

some negative effects from restricting calories. The team also measured frailty
through metrics like grip strength and coat condition. "In addition to their shorter
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lifespans, these mice were worse in certain aspects of frailty, but better in others. So,
on balance their frailty didn't change much, but they didn't look as healthy."

The primary studies were done in male mice, but Lamming's lab also found similar
metabolic effects of fasting in female mice.

The research reveals how difficult diet studies are, even in a laboratory environment.
That difficulty is magnified for human studies, which simply can't match the level of
control possible in animal models. The new study can provide direction to future
work trying to answer whether fasting improves human health.

"We need to know whether this fasting is required for people to see benefits,"

Lamming says. "If fasting is the main driver of health, we should be studying drugs or
diet interventions that mimic fasting rather than those that mimic fewer calories."

Explore further

Interrupting high-fat, high-calorie diet with regular ‘fasting' cycles helps mice live longer,
healthier life: study

More information: Dudley Lamming, Fasting drives the metabolic, molecular and
geroprotective effects of a calorie-restricted diet in mice, Nature Metabolism (2021). DOI:
10.1038/s42255-021-00466-9. www.nature.com/articles/s42255-021-00466-9

Journal information: Nature Metabolism

Provided by University of Wisconsin-Madison
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Scientists identify beacon molecule that
prevents vision, behavioral problems in mice

Date:

October 18, 2021
Source:

Virginia Tech
Summary:

A scientist led a study that revealed how cells from the eye migrate deep into the brain to
a processing core during brain development. These cells and their connections help
regulate critical survival instincts in rodents. The findings help decode how these
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complicated brain circuits form, laying a potential foundation for future research into how
these pathways may be coaxed to regenerate.

FULL STORY

Nestled deep in the middle of the vertebrate brain is a multi-sensory
integration and movement control center called the superior colliculus. In
rodents, this brain region integrates multi-sensory inputs -- visual cues,
sounds, touch information, and smells -- and delivers output signals to a
variety of motor control centers in the brain, coordinating the animal's
movements in response to its environment.

Although the superior colliculus composes a relatively small portion of the brain's volume in mice,
it's a processing powerhouse -- in part, because it's formed by precise cellular layers that
organize and refine signaling patterns.

Now, a team of researchers led by Michael Fox, professor at the Fralin Biomedical Research
Institute at VTC, have uncovered a key link in how this processing hub's layers develop to
decode visual cues from the eye and regulate key survival instincts in mice. The study was
published in the Proceedings of the National Academy of Science.

"This brain region is interesting because it integrates data from multiple sensory inputs, helps
form a binocular image of the world, and then dictates the animal's innate behaviors -- such as
running away from a predator or hunting prey -- based on those data," said Fox, who is also the
director of the Virginia Tech College of Science's School of Neuroscience.

During early brain development -- weeks before a mouse opens its eyes for the first time -
neurons extend long axonal processes from back of the eye, forming the optic nerve. These
growing cells eventually branch off to shape thousands of intricate connections in precise brain
regions, including the superior colliculus.

How these cells know where to migrate largely remains a mystery, Fox says. But understanding
this key phase of development could potentially provide new information that could help
researchers in future studies identify ways to regenerate injured optic nerve fibers.

"If our goal is to one day regenerate damaged brain circuits to restore vision, then first we need
to know how to get the cell's axons to grow into a precise destination in the brain," Fox said.

Fox and his team examined how a specific subtype of optic nerve cells -- ipsilateral retinal
ganglion cells -- finds its way to the superior colliculus during brain development.

The researchers used a virus to identify which types of neurons the retinal ganglion cells made
connections with once inside the superior colliculus. This led them to identify two proteins that
chaperone this circuit formation.

One protein, emitted by a type of excitatory neuron in the superior colliculus, lures the optic nerve
cell closer like a molecular homing beacon. Once the migrating cell is in the right place, this
protein docks into a perfectly fitted receptor protein located on the nerve cell's membrane. This
chemical reaction tells the cell it's reached its destination.

When the beacon molecule -- called nephronectin -- is absent, a visual layer of the superior
colliculus doesn't form properly, and the mice have trouble hunting prey.
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The mouse superior colliculus has been studied extensively for more than 60 years. Though it's
present in all mammalian species, in humans this brain region takes up less relative volume and
is thought to play a role in stabilizing our image of a moving world by controlling head, neck, and
eye movements.

Fox says this study represents an early research collaboration between Children's National
Hospital and the Fralin Biomedical Research Institute researchers. He recalls when Virginia
Tech's Vice President for Health Sciences and Technology Michael Friedlander connected Fox
and Jason Triplett, a principal investigator at Children's National Hospital in Washington, D.C.,
seven years ago.

"We talked about studying how these neurons project to the colliculus back in 2013, and we've
since worked on numerous grant-funded projects together,” Fox said. "This paper was born from
those early discussions."

The study's co-first authors worked in Fox's lab at the Fralin Biomedical Research Institute:
Jimmy Su, a research assistant professor, and Ubadah Sabbagh, a former graduate research
assistant during the time of the study, who is now a postdoctoral researcher at MIT.

Other research contributors include Yuchin Albert Pan, an associate professor at the Fralin
Biomedical Research Institute; Yanping Liang, a research assistant at the Fralin Biomedical
Research Institute; Lucie Olejnikova, a former postdoctoral researcher at the Fralin Biomedical
Research Institute; Karen Dixon, a research technician in Triplett's lab; Ashley Russell, a former
postdoctoral research fellow at Children's National Hospital; and Jiang Chen, a former
postdoctoral research at the Fralin Biomedical Research Institute.

This research was supported in part by the National Eye Institute.

Story Source:

Materials provided by Virginia Tech. Original written by Whitney Slightham. Note: Content may
be edited for style and length.
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So-called junk DNA plays critical role in
mammalian development
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Viral elements called transposons have invaded mammalian genomes for millions of years
and currently make up nearly half the DNA in the genomes of all living mammals. The image
depicts species-specific transposon integrations as unique events in the evolutionary history

of each species. Credit: UC Berkeley / Kerry Lin

Nearly half of our DNA has been written off as junk, the discards of evolution:
Sidelined or broken genes, viruses that got stuck in our genome and were
dismembered or silenced, none of it relevant to the human organism or human
evolution.

But research over the last decade has shown that some of this genetic "dark matter"
does have a function, primarily in regulating the expression of host genes—a mere
2% of our total genome—that code for proteins. Biologists continue to debate,
however, whether these regulatory sequences of DNA play essential or detrimental
roles in the body or are merely incidental, an accident that the organism can live
without.

A new study led by researchers at University of California, Berkeley, and Washington
University explored the function of one component of this junk DNA, transposons,
which are selfish DNA sequences able to invade their host genome. The study
shows that at least one family of transposons—ancient viruses that have invaded our
genome by the millions—plays a critical role in viability in the mouse, and perhaps in
all mammals. When the researchers knocked out a specific transposon in mice, half
their mouse pups died before birth.

This is the first example of a piece of "junk DNA" being critical to survival in
mammals.
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In mice, this transposon regulates the proliferation of cells in the early fertilized
embryo and the timing of implantation in the mother's uterus. The researchers looked
in seven other mammalian species, including humans, and also found virus-derived
regulatory elements linked to cell proliferation and timing of embryo implantation,
suggesting that ancient viral DNA has been domesticated independently to play a
crucial role in early embryonic development in all mammals.

According to senior author Lin He, UC Berkeley professor of molecular and cell
biology, the findings highlight an oft-ignored driver of evolution: Viruses that integrate
into our genome and get repurposed as regulators of host genes, opening up
evolutionary options not available before.

"The mouse and humans share 99% of their protein coding genes in their
genomes—we are very similar with each other," He said. "So, what constitutes the
differences between mice and humans? One of the major differences is gene
regulation—mice and humans have the same genes, but they can be regulated
differently. Transposons have the capacity to generate a lot of gene regulatory
diversity and could help us to understand species-specific differences in the world."

Colleague and co-senior author Ting Wang, the Sanford and Karen Loewentheil
Distinguished Professor of Medicine in the Department of Genetics at the
Washington University School of Medicine in St. Louis, Missouri, agrees.

"The real significance of this story is it tells us how evolution works in the most
unexpected manner possible," Wang said. "Transposons were long considered
useless genetic material, but they make up such a big portion of the mammalian
genome. A lot of interesting studies illustrate that transposons are a driving force of
human genome evolution. Yet, this is the first example that | know of where deletion
of a piece of junk DNA leads to a lethal phenotype, demonstrating that the function of
specific transposons can be essential."

The finding could have implications for human infertility. According to first author
Andrew Modzelewski, a UC Berkeley postdoctoral fellow, nearly half of all
miscarriages in humans are undiagnosed or don't have a clear genetic component.
Could transposons like this be involved?

"If 50% of our genome is non-coding or repetitive—this dark matter—it is very
tempting to ask the question whether or not human reproduction and the causes of
human infertility can be explained by junk DNA sequences," he said.

Embryo implantation

He, the Thomas and Stacey Siebel Distinguished Chair Professor at UC Berkeley,
studies the 98% or more of our genome that does not code for proteins. For most of
He's career, she has focused on microRNAs and longer pieces of non-coding RNAS,
both of which are potent gene regulators. Five years ago, however, her team
accidentally discovered a microRNA regulator for a transposon family called MERVL
(mouse endogenous retroviral elements) that was involved in cell fate determination
of early mouse embryos. The unexpected abundance of transposon transcription in
mouse embryos led He's team to investigate the developmental functions of
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transposons, which have taken up residence in the genomes of nearly every
organism on Earth.

In a paper appearing this week in the journal Cell, He and her team identify the key
regulatory DNA involved: A piece of a transposon—a viral promoter—that has been
repurposed as a promoter for a mouse gene that produces a protein involved in cell
proliferation in the developing embryo and in the timing of implantation of the
embryo. A promoter is a short DNA sequence that is needed upstream of a gene in
order for the gene to be transcribed and expressed.

Wild mice use this transposon promoter, called MT2B2, to initiate transcription of the
gene Cdk2ap1l specifically in early embryos to produce a short protein "isoform" that
increases cell proliferation in the fertilized embryo and speeds its implantation in the
uterus. Using CRISPR-EZ, a simple and inexpensive technique that Modzelewski
and He developed several years ago, they disabled the MT2B2 promoter and found
that mice instead expressed the Cdk2apl gene from its default promoter as a longer
form of the protein, a long isoform, that had the opposite effect: decreased cell
proliferation and delayed implantation.

The result of this knockout was the death at birth of about half the pups.

Modzelewski said that the short form of the protein appears to make the many
embryos of the mouse implant with a regular spacing within the uterus, preventing
crowding. When the promoter is knocked out so that the long form is present only,
the embryos implant seemingly randomly, some of them over the cervix, which
blocks exit of the fully developed fetus and sometimes kills the mother during the
birthing process.

They found that within a 24-hour period prior to embryo implantation, the MT2B2
promoter ramps up expression of the Cdk2apl gene so much that the short form of
the protein makes up 95% of the two isoforms present in embryos. The long isoform
is normally produced later in gestation when the default promoter upstream of the
Cdk2apl gene becomes active.

Working with Wanging Shao, co-first author of the study and a postdoctoral fellow in
Wang's group at Washington University, the team searched through published data
on preimplantation embryos for eight mammalian species—human, rhesus monkey,
marmoset, mouse, goat, cow, pig and opossum—to see whether transposons are
turned on briefly before implantation in other species. These online data came from a
technique called single cell RNA sequencing, or sScRNA-seq, which records the
levels of messenger RNA in single cells, an indication of which genes are turned on
and transcribed. In all cases, they had to retrieve the data on non-coding DNA
because it is typically removed before analysis, with the presumption that it's
unimportant.

While transposons are generally specific to individual species—humans and mice,
for example, have largely different sets—the researchers found that different
species-specific transposon families were turned on briefly before implantation in all
eight mammals, including the opossum, the only mammal in the group that does not
employ a placenta to implant embryos in the uterus.
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"What's amazing is that different species have largely different transposons that are
expressed in preimplantation embryos, but the global expression profiles of these
transposons are nearly identical among all the mammalian species,” He said.

Colleague and co-senior author Davide Risso, a former UC Berkeley postdoctoral
fellow and now associate professor of statistics at the University of Padua in Italy,
developed a method for linking specific transposons to preimplantation genes so as
to weed out the thousands of copies of related transposons that exist in the genome.
This method is crucial to identifying individual transposon elements with important
gene regulatory activity.

"It's interesting to note that the data that we used were mostly based on the previous
sequencing technology, called SMART-seq, which covers the full sequence of the
RNA molecules. The current popular technique, 10x genomics technology, would not
have shown us the different levels of protein isoforms. They're blind to them," Risso
said.

Viruses are evolutionary reservoir

The researchers found that in nearly all of the eight mammalian species, both short
and long Cdk2ap1l isoforms occur, but are switched on at different times and in
different proportions that correlate with whether embryos implant early, as in mice, or
late, as in cows and pigs. Thus, at the protein level, both the short and long isoforms
appear conserved, but their expression patterns are species-specific.

"If you have a lot of the short Cdk2ap1 isoform, like mice, you implant very early,
while in species like the cow and pig, which have none to very little of the short
isoform, it's up to two weeks or longer for implantation,” Modzelewski said.

Wang suspects that the promoter that generates the long form of the protein could
be the mouse's original promoter, but that a virus that integrated into the genome
long ago was later adapted as a regulatory element to produce the shorter form and
the opposite effect.

"So, what happened here is a rodent-specific virus came in, and then somehow the
host decided, "OK, I'm going to use you as my promoter to express this shorter
Cdk2apl isoform." We see the redundancy that's built into the system, where we can
take advantage of whatever nature throws at us and make it useful,” he said. "And
then, this new promoter happened to be stronger than the old promoter. | think this
fundamentally changed the phenotype of rodents; maybe that's what makes them
grow faster—a gift of having a shorter pre-implantation time. So, they probably
gained some fitness benefit from this virus."

"Whatever you look at in biology, you're going to see transposons being used, simply
because there are just so many sequences,” Wang added. "They essentially provide
an evolutionary reservoir for selection to act upon.”

Other co-authors of the study are Jinggi Chen, Angus Lee, Xin Qi, Mackenzie Noon,

Kristy Tjokro and Anne Biton of UC Berkeley; Terry Speed of the Walter and Eliza
Hall Institute of Medical Research in Melbourne, Australia; Aparna Anand of
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Washington University and Gabriele Sales of the University of Padua. The work was
supported primarily by the Howard Hughes Medical Institute faculty scholar award
and the National Institutes of Health.

Explore further

How virally derived transposons are domesticated to evolve new forms of life

More information: Andrew J. Modzelewski et al, A mouse-specific retrotransposon drives a
conserved Cdk2apl isoform essential for development, Cell (2021). DOI:
10.1016/j.cell.2021.09.021
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Male-female differences in heart disease could
start before birth

Male and female mice during the earliest embryonic stage

Date:

October 20, 2021
Source:

University of North Carolina Health Care
Summary:

New research suggests that male-female differences in protein expression occur
immediately after embryonic cells become heart cells called cardiomyocytes. This is the
earliest stage of heart development, well before the embryo is exposed to sex hormones.
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Males and females differ in prevalence, treatment responses, and survival
rates for a variety of diseases. For cardiac disease, women almost
uniformly fare far worse than men. There are likely many reasons for this,
and scientists at the University of North Carolina at Chapel Hill and
Princeton University seemed to have found one deep inside cells before
we're even born.

Published in the journal Development Cell, this research suggests that male-female differences
in protein expression occur immediately after embryonic cells become heart cells called
cardiomyocytes. This is the earliest stage of heart development, well before the embryo is
exposed to sex hormones.

This comprehensive report is the first to detail the mechanisms of cardiac sex disparities at such
an early stage, providing new opportunities for research of cardiac disease and treatment, as
well as advancing the biological study of sex differences in this burgeoning field.

"Our studies show that sex biases in heart development occurs prior to primary sex
determination and can be, and are, associated with sex bias congenital heart disease," said co-
senior author Frank Conlon, PhD, professor of genetics and biology at the University of North
Carolina at Chapel Hill. "Since sex disparities have been reported in many other disease states,
including cancer, dementia, chronic kidney disease, obesity, autoimmune disease, and
COVID19, our studies provide a framework for uncovering the mechanisms and pathways of
these disease states, as well."

This research was a collaboration between Conlon lab at the UNC School of Medicine, and the
lab of co-senior author is lleana Cristea, PhD, the Henry L. Hillman Professor of Molecular
Biology at Princeton.

Such health disparities between males and females have been known for a long time and led to
"The Report of the National Heart, Lung, and Blood Institute Working Group on Sex Differences
Research in Cardiovascular Disease" in 2016. Although sex plays a critical role in cardiac
disease, the mechanisms underlying sex differences in cardiac health and disease have been
unknown.

Co-first authors Wei Shi, PhD, a postdoctoral researcher in the Conlon lab, and Xinlei Sheng,
PhD, a postdoctoral researcher in the Cristae lab, led a systems-based approach to identifying
the molecular differences, at both the RNA and protein levels of cells, between male and female
embryonic and adult hearts in mice. They leveraged the power of the Collaborative Cross (CC)
as a surrogate for human diversity, identifying the proteins, protein complexes, and protein
pathways that are common between mammals and those that diverge between males and
females. The CC is composed of eight founding strains of genetically diverse mice to address the
many research shortcomings in most other available mouse-strain resources, including small
numbers of strains, limited genetic diversity, and a less than ideal population structure.

Conlon's team then defined the cell types that express a subset of these proteins to show
differences in expression in the cardiomyocyte lineage between male and female hearts.

"Contrary to the current paradigm, we discovered that male-female cardiac sex differences are
not solely controlled by hormones but also through a sex chromosome mechanism independent
of sex hormones," said Conlon, who is also a member of the UNC McAllister Heart Institute. "Our
analysis showed that protein expression differs between male and female hearts at the
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embyronic period prior to primary sex determination and prior to the embryo being exposed to
sex hormones."

Understanding the basic biology of heart development at this very early stage provides crucial
information for stem cell biologists interested in using cardiac progenitor cells for regeneration of
heart tissue and other cardiac replacement therapies.

Story Source:

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

Journal Reference:

1. Wei Shi, Xinlei Sheng, Kerry M. Dorr, Josiah E. Hutton, James |. Emerson, Haley A.
Davies, Tia D. Andrade, Lauren K. Wasson, Todd M. Greco, Yutaka Hashimoto, Joel D.
Federspiel, Zachary L. Robbe, Xuqgi Chen, Arthur P. Arnold, lleana M. Cristea, Frank L.
Conlon. Cardiac proteomics reveals sex chromosome-dependent differences
between males and females that arise prior to gonad formation. Developmental Cell,
2021; DOI: 10.1016/j.devcel.2021.09.022
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|How diet affects tumors

A new study finds cutting off cells’ supplies of lipids can slow the growth of
tumors in mice

Date:

October 20, 2021
Source:

Massachusetts Institute of Technology
Summary:

Researchers analyzed ketogenic and calorically restricted diets in mice, revealing how
those diets affect cancer cells and offering an explanation for why restricting calories may
slow tumor growth.
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In recent years, there has been some evidence that dietary interventions
can help to slow the growth of tumors. A new study from MIT, which
analyzed two different diets in mice, reveals how those diets affect cancer
cells, and offers an explanation for why restricting calories may slow tumor
growth.

The study examined the effects of a calorically restricted diet and a ketogenic diet in mice with
pancreatic tumors. While both of these diets reduce the amount of sugar available to tumors, the
researchers found that only the calorically restricted diet reduced the availability of fatty acids,
and this was linked to a slowdown in tumor growth.

The findings do not suggest that cancer patients should try to follow either of these diets, the
researchers say. Instead, they believe the findings warrant further study to determine how dietary
interventions might be combined with existing or emerging drugs to help patients with cancer.

"There's a lot of evidence that diet can affect how fast your cancer progresses, but this is not a
cure," says Matthew Vander Heiden, director of MIT's Koch Institute for Integrative Cancer
Research and the senior author of the study. "While the findings are provocative, further study is
needed, and individual patients should talk to their doctor about the right dietary interventions for
their cancer."

MIT postdoc Evan Lien is the lead author of the paper, which appears today in Nature.
Metabolic mechanism

Vander Heiden, who is also a medical oncologist at Dana-Farber Cancer Institute, says his
patients often ask him about the potential benefits of various diets, but there is not enough
scientific evidence available to offer any definitive advice. Many of the dietary questions that
patients have focus on either a calorie-restricted diet, which reduces calorie consumption by 25
to 50 percent, or a ketogenic diet, which is low in carbohydrates and high in fat and protein.

Previous studies have suggested that a calorically restricted diet might slow tumor growth in
some contexts, and such a diet has been shown to extend lifespan in mice and many other
animal species. A smaller number of studies exploring the effects of a ketogenic diet on cancer
have produced inconclusive results.

"A lot of the advice or cultural fads that are out there aren't necessarily always based on very
good science," Lien says. "It seemed like there was an opportunity, especially with our
understanding of cancer metabolism having evolved so much over the past 10 years or so, that
we could take some of the biochemical principles that we've learned and apply those concepts to
understanding this complex question."

Cancer cells consume a great deal of glucose, so some scientists had hypothesized that either
the ketogenic diet or calorie restriction might slow tumor growth by reducing the amount of
glucose available. However, the MIT team's initial experiments in mice with pancreatic tumors
showed that calorie restriction has a much greater effect on tumor growth than the ketogenic diet,
so the researchers suspected that glucose levels were not playing a major role in the slowdown.

To dig deeper into the mechanism, the researchers analyzed tumor growth and nutrient
concentration in mice with pancreatic tumors, which were fed either a normal, ketogenic, or
calorie-restricted diet. In both the ketogenic and calorie-restricted mice, glucose levels went
down. In the calorie-restricted mice, lipid levels also went down, but in mice on the ketogenic
diet, they went up.
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Lipid shortages impair tumor growth because cancer cells need lipids to construct their cell
membranes. Normally, when lipids aren't available in a tissue, cells can make their own. As part
of this process, they need to maintain the right balance of saturated and unsaturated fatty acids,
which requires an enzyme called stearoyl-CoA desaturase (SCD). This enzyme is responsible for
converting saturated fatty acids into unsaturated fatty acids.

Both calorie-restricted and ketogenic diets reduce SCD activity, but mice on the ketogenic diet
had lipids available to them from their diet, so they didn't need to use SCD. Mice on the calorie-
restricted diet, however, couldn't get fatty acids from their diet or produce their own. In these
mice, tumor growth slowed significantly, compared to mice on the ketogenic diet.

"Not only does caloric restriction starve tumors of lipids, it also impairs the process that allows
them to adapt to it. That combination is really contributing to the inhibition of tumor growth," Lien
says.

Dietary effects

In addition to their mouse research, the researchers also looked at some human data. Working
with Brian Wolpin, an oncologist at Dana-Farber Cancer Institute and an author of the paper, the
team obtained data from a large cohort study that allowed them to analyze the relationship
between dietary patterns and survival times in pancreatic cancer patients. From that study, the
researchers found that the type of fat consumed appears to influence how patients on a low-
sugar diet fare after a pancreatic cancer diagnosis, although the data are not complete enough to
draw any conclusions about the effect of diet, the researchers say.

Although this study showed that calorie restriction has beneficial effects in mice, the researchers
say they do not recommend that cancer patients follow a calorie-restricted diet, which is difficult
to maintain and can have harmful side effects. However, they believe that cancer cells'
dependence on the availability of unsaturated fatty acids could be exploited to develop drugs that
might help slow tumor growth.

One possible therapeutic strategy could be inhibition of the SCD enzyme, which would cut off
tumor cells' ability to produce unsaturated fatty acids.

"The purpose of these studies isn't necessarily to recommend a diet, but it's to really understand
the underlying biology," Lien says. "They provide some sense of the mechanisms of how these
diets work, and that can lead to rational ideas on how we might mimic those situations for cancer
therapy.”

The researchers now plan to study how diets with a variety of fat sources -- including plant or
animal-based fats with defined differences in saturated, monounsaturated, and polyunsaturated
fatty acid content -- alter tumor fatty acid metabolism and the ratio of unsaturated to saturated
fatty acids.

The research was funded by the Damon Runyon Cancer Research Foundation, the National
Institutes of Health, the Lustgarten Foundation, the Dana-Farber Cancer Institute Hale Family
Center for Pancreatic Cancer Research, Stand Up to Cancer, the Pancreatic Cancer Action
Network, the Noble Effort Fund, the Wexler Family Fund, Promises for Purple, the Bob Parsons
Fund, the Emerald Foundation, the Howard Hughes Medical Institute, the MIT Center for
Precision Cancer Medicine, and the Ludwig Center at MIT.

Story Source:

Materials provided by Massachusetts Institute of Technology. Original written by Anne
Trafton. Note: Content may be edited for style and length.

43


https://news.mit.edu/2021/how-diet-affects-tumors-1020
https://www.mit.edu/

Journal Reference:

1. Evan C. Lien, Anna M. Westermark, Yin Zhang, Chen Yuan, Zhaoqi Li, Allison N. Lau,
Kiera M. Sapp, Brian M. Wolpin, Matthew G. Vander Heiden. Low glycaemic diets alter
lipid metabolism to influence tumour growth. Nature, 2021; DOI: 10.1038/s41586-
021-04049-2

Story Source:

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

Journal Reference:

1. Lara Rheinemann, Diane Miller Downhour, Kate Bredbenner, Gaelle Mercenne, Kristen
A. Davenport, Phuong Tieu Schmitt, Christina R. Necessary, John Mccullough, Anthony
P. Schmitt, Sanford M. Simon, Wesley |. Sundquist, Nels C. Elde. RetroCHMP3 Blocks
Budding of Enveloped Viruses Without Blocking Cytokinesis. Cell, 2021
DOI: 10.1016/j.cell.2021.09.008

44


http://dx.doi.org/10.1038/s41586-021-04049-2
http://dx.doi.org/10.1038/s41586-021-04049-2
https://healthcare.utah.edu/publicaffairs/news/2021/09/9-elde-cell.php
https://healthcare.utah.edu/
http://dx.doi.org/10.1016/j.cell.2021.09.008

