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HIGH FAT DIETS MAY OVER-ACTIVATE
DESTRUCTIVE HEART DISEASE PROTEIN

Date:

March 2, 2021

Source:

University of Reading

Summary:

Consumption of a high fat diet may be activating a response in the heart that is causing
destructive growth and lead to greater risk of heart attacks, according to new research.

FULL STORY
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Consumption of a high fat diet may be activating a response in the heart
that is causing destructive growth and lead to greater risk of heart attacks,
according to new research.

In a paper published in Biochemical and Biophysical Research Communications, researchers
looked at the effect of feeding mice a high fat diet on oxidative stress levels on heart cells. The
team from the University of Reading found that cells from the mice had twice the amount of
oxidative stress, and led to heart cells being up to 1.8 times bigger due to cardiac hypertrophy
which is associated with heart disease.

Named first author Dr Sunbal Naureen Bhatti, from the University of Reading said:

"Our research shows one way in which a high fat diet can cause damage to the muscle cells that
make up our hearts. It appears that a switch happens at a cellular level when the mice were fed
on a high fat regime which causes a normally harmless protein, Nox2, to become overactive. The
precise nature of how the Nox2 protein goes onto cause oxidative damage and set off destructive
hypertrophy is still being researched.

advertisement

"We are really just scratching the surface of how the protein Nox2 responds to diets, but our
research clearly demonstrates that high fat diets has the potential to cause significant damage to
the heart."

The researchers focused on a key protein Nox2 which believed to be associated with increasing
oxidative stress in the heart. The study found that the mice fed a high fat diet had twice the
amount of Nox2 activity, which also led to a similar amount of reactive oxygen species (ROS), a
free radical that is associated with pathological damage of the body.

To check whether Nox2 was involved in causing the cardiac stress, the team compared the
results with mice bred specifically to 'knock out' Nox2, stopping the protein from activating at a
cellular level. The 'knock out' mice were also fed a high fat diet, but showed little or none of the
same raised levels of oxidative stress.

In addition, the team used three experimental treatments which are known to reduce Nox2-
related ROS production, and found that all three showed some promise in reducing the effect of
ROS in damaging the mice hearts.

The mice that were fed high fat diets received 45% of their calorie consumption from fat, 20%
from protein and 35% carbohydrate.

Story Source:

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

Journal Reference:

1. Sunbal N. Bhatti, Jian-Mei Li. Nox2 dependent redox-regulation of Akt and ERK1/2 to
promote left ventricular hypertrophy in dietary obesity of mice. Biochemical and
Biophysical Research Communications, 2020; 528 (3): 506
DOI: 10.1016/j.bbrc.2020.05.162
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< FE X >Belly fat resistant to every-other-day fasting: Studies in mice show fat location matters for
intermittent fasting -- ScienceDaily

BELLY FAT RESISTANT TO EVERY-OTHER-
DAY FASTING

Studies in mice show fat location matters for intermittent fasting

Date:

March 3, 2021

Source:

University of Sydney

Summary:

Scientists have mapped out what happens to fat deposits during intermittent fasting
(every second day), with an unexpected discovery that some types of fat are more
resistant to weight loss.
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FULL STORY

In a mouse study, Australian researchers have mapped out what happens
behind the scenes in fat tissue during intermittent fasting, showing that it
triggers a cascade of dramatic changes, depending on the type of fat
deposits and where they are located around the body.

Using state-of-the-art instruments, University of Sydney researchers discovered that fat around
the stomach, which can accumulate into a 'protruding tummy" in humans, was found to go into
‘preservation mode', adapting over time and becoming more resistant to weight loss.

The findings are published today in Cell Reports.

A research team led by Dr Mark Larance examined fat tissue types from different locations to
understand their role during every-other-day fasting, where no food was consumed on alternate
days.

The fat types where changes were found included visceral "belly" fat, which is fat tissue
surrounding our organs including the stomach, and subcutaneous fat, which lies just under the
skin and is associated with better metabolic health.

advertisement

"While most people would think that all fat tissue is the same, in fact, the location makes a big
difference," said senior author Dr Larance from the Charles Perkins Centre and School of Life
and Environmental Sciences at the University of Sydney.

"Our data show both visceral and subcutaneous fat undergo dramatic changes during
intermittent fasting,” said Dr Larance, who is also a Cancer Institute of NSW Future Research
Fellow.

Why visceral fat can be resistant to weight loss

During fasting, fat tissue provides energy to the rest of the body by releasing fatty acid
molecules.

However, the researchers found visceral fat became resistant to this release of fatty acids during
fasting.

There were also signs that visceral and subcutaneous fat increased their ability to store energy
as fat, likely to rapidly rebuild the fat store before the next fasting period.

Dr Larance said it was possible that a history of repeated fasting periods triggered a preservation
signalling pathway in visceral fat.

"This suggests the visceral fat can adapt to repeated fasting bouts and protect its energy store,"
he said.

"This type of adaptation may be the reason why visceral fat can be resistant to weight loss after
long periods of dieting."

Dr Larance said using a mouse model was a useful analogue ahead of studies in humans.

"Mouse physiology is similar to humans, but their metabolism is much faster, allowing us to
observe changes more rapidly than in human trials, and examine tissues difficult to sample in
humans," he said.
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Future research in mice and humans could uncover the mechanisms by which this resistance
occurs and also which types of diet and other interventions may be best at tackling belly fat.

Mapping out the inner workings of fat deposits

The research team examined more than 8500 proteins located in fat deposits, creating a
catalogue of changes that occurred during intermittent fasting, using a technique called
proteomics.

Proteomics -- the study of all proteins -- a relatively new area of study that takes its name from
genomics (the study of all genes), monitors how proteins react under certain conditions, which in
this case is intermittent fasting.

The results provide a rich source of data that helps to paint a more complete picture of the inner
workings of fat tissue.

It was via proteomics that the research team were alerted of major cellular changes caused by
intermittent fasting and, after further analysis, highlighted the visceral fat's preservation
mechanism in action.

The study was conducted using the instruments of the Sydney Mass Spectrometry in the Charles
Perkins Centre, part of the University of Sydney's Core Research Facilities.

Dr Larance says it should be noted that findings from the intermittent study may not apply to
different diet regimes such as the 5:2 diet (fasting 2 days out of 7) or calorie restriction, which is
common in people wanting to lose weight.

The results lay the foundation for future studies, which will dissect the molecules responsible for
why visceral fat is resistant to energy release during fasting, and help determine what diet plans
would be most beneficial for metabolic health.

"This sort of research has been enabled by these new instruments that allow us to 'look beyond
the streetlight' -- it's hypothesis generating; we knew we would find something but we didn't know
what," Dr Larance explained.

"Now that we've shown 'belly fat' in mice is resistant to this diet, the big question will be to
answer why, and how do we best tackle it?"

Story Source:

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

Journal Reference:

1. Dylan J. Harney, Michelle Cielesh, Renee Chu, Kristen C. Cooke, David E. James,
Jacqueline Stockli, Mark Larance. Proteomics analysis of adipose depots after
intermittent fasting reveals visceral fat preservation mechanisms. Cell Reports,
2021; 34 (9): 108804 DOI: 10.1016/j.celrep.2021.108804
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< FE X >Immune cell implicated in development of lung disease following viral infection |
EurekAlert! Science News

NEWS RELEASE 9-MAR-2021

IMMUNE CELL IMPLICATED IN
DEVELOPMENT OF LUNG DISEASE
FOLLOWING VIRAL INFECTION

Findings could help explain how asthma, COPD, severe COVID-19 are
triggered

WASHINGTON UNIVERSITY SCHOOL OF MEDICINE

Research News
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IMAGE: A NEW STUDY FROM WASHINGTON UNIVERSITY SCHOOL OF MEDICINE IN ST. LOUIS

IMPLICATES A TYPE OF IMMUNE CELL -- CALLED A DENDRITIC CELL -- IN THE DEVELOPMENT OF
CHRONIC LUNG... view more

Scientists at Washington University School of Medicine in St. Louis have implicated a type of
immune cell in the development of chronic lung disease that sometimes is triggered following a
respiratory viral infection. The evidence suggests that activation of this immune cell -- a type of
guardian cell called a dendritic cell -- serves as an early switch that, when activated, sets in
motion a chain of events that drives progressive lung diseases, including asthma and chronic
obstructive pulmonary disease (COPD).

The new study, published in The Journal of Immunology, opens the door to potential preventive
or therapeutic strategies for chronic lung disease. More immediately, measuring the levels of
these dendritic cells in clinical samples from patients hospitalized with a viral infection, such as
influenza or COVID-19, could help doctors identify which patients are at high risk of respiratory
failure and death.

Studying mice with a respiratory viral infection that makes the animals prone to developing
chronic lung disease, the researchers showed that these dendritic cells communicate with the
lining of the airway in ways that cause the airway-lining cells to ramp up their growth and
inflammatory signals. The inflammation causes airway-lining cells to grow beyond their normal
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boundaries and turn into cells that overproduce mucus and cause inflammation, which in turn
causes cough and difficulty breathing.

"We're trying to understand how a viral infection that seems to be cleared by the body can
nevertheless trigger chronic, progressive lung disease," said senior author Michael J. Holtzman,
MD, the Selma and Herman Seldin Professor of Medicine. "Not everyone experiences this
progression. We believe there's some switch that gets flipped, triggering the bad response. We're
identifying that switch and ways to control it. This work tells us that this type of dendritic cell is
sitting right at that switch point.”

Holtzman's past work had implicated the lining of the airway -- where the viral infection takes hold
-- as the likely trigger for this process.

"But this study suggests that the cascade starts even further upstream," said Holtzman, also
director of the Division of Pulmonary and Critical Care Medicine. "Dendritic cells are telling the
cells lining the airway what to do. There's more work to be done, but this data tells us that the
dendritic cells play an important role in getting the airway-lining cells onto the wrong path."”

Holtzman calls this dendritic cell a type of sentinel because its job is to detect an invading virus
and trigger the body's initial immune response against the infection. The problem comes when
the cell doesn't shut down properly after the threat has passed.

"Many people never develop chronic lung disease after a viral infection,” Holtzman said. "But
others have a genetic susceptibility to this type of disease. People who are susceptible to virus-
triggered disease include patients with asthma, COPD, and viral infections such as COVID-19.
It's really critical to look for ways to fix this disease response and prevent the problems that might
occur after the virus has gone."

In the meantime, Holtzman said, high levels of these dendritic cells and their products in the
lungs of hospitalized patients could serve as a warning to doctors that such patients are likely to
develop severe disease and should be provided with respiratory interventions and other
supportive therapies that are precisely tailored to their disease process.

"Similarly, if this process is not underway, the patient might be more likely to avoid these types of
long-term problems," Holtzman said. "We're pursuing this line of research to help improve
prediction of severe lung disease after infection and to provide companion therapies that could
prevent this switch from being flipped or flip it back to reverse the disease."

i

This work was supported by the National Institute of Allergy and Infectious Diseases (NIAID),
grant number RO1 AI130591 and the National Heart, Lung, and Blood Institute (NHLBI), grant
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number R35 HL145242, both of the National Institutes of Health (NIH); the Cystic Fibrosis
Foundation; and the Hardy Trust and Schaeffer Funds.

Wang X, Wu K, Keeler SP, Mao D, Agapov EV, Zhang Y, Holtzman MJ. TLR3-activated
monocyte-derived dendritic cells trigger progression from acute viral infection to chronic disease
in the lung. The Journal of Immunology. Jan. 29, 2021.

Washington University School of Medicine's 1,500 faculty physicians also are the medical staff of
Barnes-Jewish and St. Louis Children's hospitals. The School of Medicine is a leader in medical
research, teaching and patient care, ranking among the top 10 medical schools in the nation by
U.S. News & World Report. Through its affiliations with Barnes-Jewish and St. Louis Children's
hospitals, the School of Medicine is linked to BJC HealthCare.

Disclaimer: AAAS and EurekAlert! are not responsible for the accuracy of news releases posted to

EurekAlert! by contributing institutions or for the use of any information through the EurekAlert system.
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< FE 3> Of mice and men and their different tolerance to pathogens (medicalxpress.com)

OF MICE AND MEN AND THEIR DIFFERENT
TOLERANCE TO PATHOGENS
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This cross section of a mouse Colon Chip shows the actin cytoskeleton of epithelial cells in
magenta, the overlying mucus in yellow, and the cells' nuclei in blue. The team used this
chip in a comparative analysis of mouse and human microbiomes to test their different
abilities to induce tolerance to the pathogen Salmonella typhimurium. Credit: Wyss Institute
at Harvard University

Trillions of commensal microbes live on the mucosal and epidermal surfaces of the
body and it is firmly established that this microbiome affects its host's tolerance and
sensitivity of the host to a variety of pathogens. However, host tolerance to infection
with pathogens is not equally developed in all organisms. For example, it is known
that the gut microbiome of mice protects more effectively against infection with
certain pathogens, such as the bacterium Salmonella typhimurium, than the human
gut microbiome.

This raises the interesting possibility that analyzing differences between host-
microbiome interactions in humans and other species, such as mice, and pinpointing
individual types of bacterial that either protect or sensitize against certain pathogens,
could lead to entirely new types of therapeutic approaches. However, while the
intestinal microbiome composition and its effect on host immune responses have
been well investigated in mice, it is not possible to study how the microbiome
interacts directly with the epithelial cells lining the intestine under highly defined
conditions, and thereby uncover specific bacterial strains that can induce host-
tolerance to infectious pathogens.

Now, a collaborative team led by Wyss Founding Director Donald Ingber, M.D.,
Ph.D. at Harvard's Wyss Institute for Biologically Inspired Engineering and Dennis
Kasper, M.D. at Harvard Medical School (HMS) has harnessed the Wyss's
microfluidic Organs-on-Chip (Organ Chip) technology to model the different
anatomical sections of the mouse intestine and their symbiosis with a complex living
microbiome in vitro. The researchers recapitulated the destructive effects of S.
typhimurium on the intestinal epithelial surface in an engineered mouse Colon Chip,
and in a comparative analysis of mouse and human microbiomes were able to
confirm the commensal bacterium Enterococcus faecium contributes to host
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tolerance to S. typhimurium infection. The study is published in Frontiers in Cellular
and Infection Microbiology.

The project was started under a DARPA-supported "Technologies for Host
Resilience" (THoR) Project at the Wyss Institute, whose goal it was to uncover key
contributions to tolerance to infection by studying differences observed in certain
animal species and humans. Using a human Colon Chip, Ingber's group had shown
in a previous study how metabolites produced by microbes derived from mouse and
human feces have different potential to impact susceptibility to infection with an
enterohemorrhagic E. coli pathogen.

"Biomedical research strongly depends on animal models such as mice, which
undoubtedly have tremendous benefits, but do not provide an opportunity to study
normal and pathological processes within a particular organ, such as the intestine,
close-up and in real-time. This important proof-of-concept study with Dennis
Kasper's group highlights that our engineered mouse Intestine Chip platform offers
exactly this capability and provides the possibility to study host-microbiome
interactions with microbiomes from different species under highly controllable
conditions in vitro," said Ingber. "Given the deep level of characterization of mouse
immunology, this capability could greatly help advance the work of researchers who
currently use these animals to do research on microbiome and host responses. It
enables them to compare their results they obtain directly with human Intestine
Chips in the future so that the focus can be on identifying features of host response
that are most relevant for humans." Ingber also is the Judah Folkman Professor of
Vascular Biology at HMS and Boston Children's Hospital, and Professor of
Bioengineering at the Harvard John A. Paulson School of Engineering and Applied
Sciences.

Engineering a mouse Intestine-on-Chip platform

In their new study, the team focused on the mouse intestinal tract. "It has traditionally
been extremely difficult to model host-microbiome interactions outside any organism
as many bacteria are strictly anaerobic and die in normal atmospheric oxygen
conditions. Organ Chip technology can recreate these conditions, and it is much
easier to obtain primary intestinal and immune cells from mice than having to rely on
human biopsies," said first-author Francesca Gazzaniga, Ph.D., a Postdoctoral
Fellow who works between Ingber's and Kasper's groups and spear-headed the
project.

Gazzaniga and her colleagues isolated intestinal crypts from different regions of the
mouse intestinal tract, including the duodenum, jejunum, ileum, and colon, took their
cells through an intermediate "organoid” step in culture in which small tissue
fragments form and grow, which they then seeded into one of two parallel
microfluidically perfused channels of the Wyss' Organ Chips to create region-specific
Intestine Chips. The second independently perfused channel mimics the blood
vasculature, and is separated from the first by a porous membrane that allows the
exchange of nutrients, metabolites, and secreted molecules that intestinal epithelial
cells use to communicate with vascular and immune cells.

Homing in on the pathogen
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The team then honed in on S. typhimurium as a pathogen. First, they introduced the
pathogen into the epithelial lumen of the engineered mouse Colon Chip and
recapitulated the key features associated with the break-down of intestinal tissue
integrity known from mouse studies, including the disruption of normally tight
adhesions between neighboring epithelial cells, decreased production of mucus, a
spike in secretion of a key inflammatory chemokine (the mouse homolog of human
IL-8), and changes in epithelial gene expression. In parallel, they showed that the
mouse Colon Chip supported the growth and viability of complex bacterial consortia
normally present in mouse and human gut microbiomes.

Putting these capabilities together, the researchers compared the effects of specific
mouse and human microbial consortia that had previously been maintained stably in
the intestines of ‘gnotobiotic’ mice that were housed in germ-free conditions by the
Kasper team. By collecting complex microbiomes from the stool of those mice, and
then inoculating them into the Colon Chips, the researchers observed chip-to-chip
variability in consortium composition, which enabled them to relate microbe
composition to functional effects on the host epithelium. "Using 16s sequencing gave
us a good sense of the microbial compositions of the two consortia, and high
numbers of one individual species, Enterococcus faecium, generated by only one of
them in the Colon Chip, allowed the intestinal tissue to better tolerate the infection,"”
said Gazzaniga. "This nicely confirmed past findings and validated our approach as
a new discovery platform that we can now use to investigate the mechanisms that
underlie these effects as well as the contribution of vital immune cell contributions to
host-tolerance, as well as infectious processes involving other pathogens."

"The mouse intestine on a chip technology provides a unique approach to
understand the relationship between the gut microbiota, host immunity, and a
microbial pathogen. This important interrelationship is challenging to study in the
living animal because there are so many uncontrollable factors. The beauty of this
system is that essentially all parameters you wish to study are controllable and can
easily be monitored. This system is a very useful step forward," said Kasper, who is
the William Ellery Channing Professor of Medicine and Professor of Immunology at
HMS.

The researchers believe that their comparative in vitro approach could uncover
specific cross-talk between pathogens and commensal bacteria with intestinal
epithelial and immune cells, and that identified tolerance-enhancing bacteria could
be used in future therapies, which may circumvent the problem increasing
antimicrobial resistance of pathogenic bacterial strains.
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< X >Exposure to common chemical during pregnancy may reduce protection against breast
cancer | EurekAlert! Science News

NEWS RELEASE 16-MAR-2021

EXPOSURE TO COMMON CHEMICAL
DURING PREGNANCY MAY REDUCE
PROTECTION AGAINST BREAST CANCER

UMass Amherst research suggests propylparaben is an endocrine disruptor
UNIVERSITY OF MASSACHUSETTS AMHERST

Research News

20


https://www.eurekalert.org/pub_releases/2021-03/uoma-etc031621.php
https://www.eurekalert.org/pub_releases/2021-03/uoma-etc031621.php
http://www.eurekalert.org/releaseguidelines

IMAGE: SENIOR AUTHOR LAURA VANDENBERG IS AN ASSOCIATE PROFESSOR IN THE UMASS

AMHERST SCHOOL OF PUBLIC HEALTH AND HEALTH SCIENCES. view more

Low doses of propylparaben - a chemical preservative found in food, drugs and cosmetics - can
alter pregnancy-related changes in the breast in ways that may lessen the protection against
breast cancer that pregnancy hormones normally convey, according to University of
Massachusetts Amherst research.

The findings, published March 16 in the journal Endocrinology, suggest that propylparaben is an
endocrine-disrupting chemical that interferes with the actions of hormones, says environmental
health scientist Laura Vandenberg, the study's senior author. Endocrine disruptors can affect
organs sensitive to hormones, including the mammary gland in the breast that produces milk.

"We found that propylparaben disrupts the mammary gland of mice at exposure levels that have
previously been considered safe based on results from industry-sponsored studies. We also saw
effects of propylparaben after doses many times lower, which are more reflective of human
intake," Vandenberg says. "Although our study did not evaluate breast cancer risk, these
changes in the mammary tissue are involved in mitigating cancer risk in women."

Hormones produced during pregnancy not only allow breast tissue to produce milk for the infant,
but also are partly responsible for a reduced risk of breast cancer in women who give birth at a
younger age.
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The researchers, including co-lead author Joshua Mogus, a Ph.D. student in Vandenberg's lab,
tested whether propylparaben exposure during the vulnerable period of pregnancy and
breastfeeding adversely alters the reorganization of the mammary gland. They examined the
mothers' mammary glands five weeks after they exposed the female mice to environmentally
doses of propylparaben during pregnancy and breastfeeding.

Compared with pregnant mice that had not received propylparaben, the exposed mice had
mammary gland changes not typical of pregnancy, the researchers report. These mice had
increased rates of cell proliferation, which Vandenberg says is a possible risk factor for breast
cancer. They also had less-dense epithelial structures, fewer immune cell types and thinner
periductal collagen, the connective tissue in the mammary gland.

"Some of these changes may be consistent with a loss of the protective effects that are typically
associated with pregnancy," says Mogus, who was chosen to present the research, deemed
"particularly newsworthy" by the Endocrine Society, at the international group's virtual annual
meeting, ENDO 2021, beginning March 20.

Mogus says future studies should address whether pregnant females exposed to propylparaben
are actually more susceptible to breast cancer. "Because pregnant women are exposed to
propylparaben in many personal care products and foods, it is possible that they are at risk,"
Mogus says, adding that pregnant and breastfeeding women should try to avoid using products
containing propylparaben and other parabens.

"This chemical is so widely used, it may be impossible to avoid entirely," Mogus adds. "It is
critical that relevant public health agencies address endocrine-disrupting chemicals as a matter
of policy."

i

This research received funding from the University of Massachusetts Commonwealth Honors
College Grant, the Endocrine Society's Summer Research Fellowship and the National Institutes
of Health.

Other study co-authors are Charlotte LaPlante, Ruby Bansal, Klara Matouskova, Shannon Silva,
Elizabeth Daniele, Mary Hagen and Karen Dunphy, all of UMass Amherst; Benjamin Schneider
and Sallie Schneider of Baystate Medical Center in Springfield, Mass.; and D. Joseph Jerry of
UMass Amherst's Department of Veterinary and Animal Sciences and Pioneer Valley Life
Sciences Institute in Springfield.

Disclaimer: AAAS and EurekAlert! are not responsible for the accuracy of news releases posted to

EurekAlert! by contributing institutions or for the use of any information through the EurekAlert system.
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< HE X >BMl1, a promising gene to protect against Alzheimer's disease -- ScienceDaily

BMI1, A PROMISING GENE TO PROTECT
AGAINST ALZHEIMER'S DISEASE

Date:

March 23, 2021
Source:

University of Montreal
Summary:

A molecular biologist discovers a new function for BMI1, which is known to counteract
brain aging.

FULL STORY
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Another step towards understanding Alzheimer's disease has been taken at
the Maisonneuve-Rosemont Hospital Research Centre. Molecular biologist
Gilbert Bernier, and professor of neurosciences at Université de Montreéal,
has discovered a new function for the BMI1 gene, which is known to inhibit
brain aging. The results of his work have just been published in Nature
Communications.

In his laboratory, Bernier was able to establish that BMI1 was required to prevent the DNA of
neurons from disorganizing in a particular way called G4 structures. This phenomenon occurs in
the brains of people with Alzheimer's disease, but not in healthy elderly people. Thus, BMI1
would protect against Alzheimer's by preventing, among other things, the excessive formation of
G4s that disrupt the functioning of neurons.

"This discovery adds to our knowledge of the fundamental mechanisms leading to Alzheimer's,"
said Bernier. "There is still no cure for this disease, which now affects nearly one million
Canadians. Any advance in the field brings hope to all these people and their families."

In previous articles published in the journals Cell Reports and Scientific Reports, Bernier
demonstrated that the expression of the BMI1 gene is specifically reduced in the brains of people
with Alzheimer's disease. He also showed that inactivation of BMI1 in cultured human neurons or
in mice was sufficient to recapitulate all the pathological markers associated with Alzheimer's
disease.

advertisement
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< FE X > Circadian clock gene Rev-erb linked to dawn phenomenon in type 2 diabetes --
ScienceDaily

CIRCADIAN CLOCK GENE REV-ERB LINKED
TO DAWN PHENOMENON IN TYPE 2
DIABETES
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Summary:

Researchers found that mice lacking the circadian clock gene called Rev-erb in the brain
show characteristics similar to those of human dawn phenomenon in type 2 diabetes.

FULL STORY

Researchers at Baylor College of Medicine, Shandong University in China
and other institutions may have found an explanation for dawn
phenomenon, an abnormal increase of blood sugar only in the morning,
observed in many patients with type 2 diabetes. They report in the

journal Nature that mice lacking the circadian clock gene called Rev-erb in
the brain show characteristics similar to those of dawn phenomenon.

The researchers then looked at Rev-erb gene expression in patients with type 2 diabetes
comparing a group with dawn phenomenon to a group without it and found that the gene's
expression followed a different temporal pattern between these two groups. The findings support
the idea that an altered daily rhythm of expression of the Rev-erb gene may underlie dawn
phenomenon. Future investigations may lead to therapies.

"We began this study to investigate what was the function of Rev-erb in the brain," said co-
corresponding author Dr. Zheng Sun, associate professor of medicine-endocrinology, diabetes
and metabolism at Baylor. "We are interested in this gene because it is a 'druggable’ component
of the circadian clock with potential applications in the clinic. Rev-erb is expressed only during
the day but not at night. When we started, we did not know where this was going to lead us."

The researchers first developed a mouse model by knocking out the Rev-erb gene in GABA
neurons. They chose this approach because the gene's expression is highly enriched in a
particular brain area called the suprachiasmatic nucleus that is mainly composed of GABA
neurons.

advertisement

An unexpected finding

"We observed something very interesting in these mice," Sun said. "They were glucose intolerant
-- that is they had high glucose levels -- only in the evening. Mice are nocturnal, meaning that
they become active in the evening as people do in the morning."

When the body awakes and takes in food, insulin is secreted from the pancreas to signal the
body to lower blood sugar. Insulin is more effective in doing this job upon waking than at other
times of the day. This high insulin sensitivity is probably because the body is anticipating feeding
behaviors upon waking up. In mice, high insulin sensitivity occurs in the evening, while in people
it occurs in the morning.

Sun and his colleagues found that the abnormal higher glucose levels observed in the evening in
Rev-erb knockout mice resulted from an insufficient suppression of liver glucose production by
insulin. Their data demonstrate an essential role of neural Rev-erb in regulating the hepatic
insulin sensitivity rhythm independent of eating behaviors or basal hepatic glucose production.

Next, the researchers looked to understand how defects in Rev-erb gene expression in the brain
can result in changes in the ability of the liver to respond to insulin. They discovered that the
suprachiasmatic nucleus GABA neurons in Rev-erb knockout mice had a higher firing activity
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than those neurons of normal mice when the animals woke up, and that this neuronal
hyperactivity was sufficient and necessary to cause glucose intolerance in the evening. In normal
mice, these GABA neurons drop their firing activity in the evening, lowering sugar blood levels.
Interestingly, by re-expressing Rev-erb back in the knockout mice, the researchers found that
Rev-erb expression is only needed during the day, but not needed at night, which is in line with
the highly oscillatory expression pattern of endogenous Rev-erb in normal condition.

Connecting with dawn phenomenon

Mice having higher glucose levels in the evening reminded Sun and his colleagues of dawn
phenomenon observed in people with type 2 diabetes. "Given the similarities of the phenomenon
in mice and people, we thought that maybe this gene that we are studying could be linked to the
biology of dawn phenomena in diabetic patients,” said Sun, a member of Baylor's Dan L Duncan
Comprehensive Cancer Center and the Huffington Center on Aging.

In collaboration with Qilu Hospital of Shandong University in China, the researchers followed 27
type2 diabetes patients with continuous glucose monitoring. They found that, although the
patients had diabetes with similar severity in terms of their basal glucose levels, obesity and
other parameters, about half of the patients had dawn phenomenon while the other half did not.

"We collected the patients' blood at different times of the day and determined the expression of
the Rev-erb gene in white blood cells, which has been reported to correlate well with the central
clock in the brain,” Sun said. "Interestingly, we found that the gene's expression followed a
temporal pattern that was different between those with dawn phenomenon and those without,"
Sun said. "We propose that the altered temporal pattern of expression of this gene may explain
dawn phenomena in people. It is possible that, in the future, a drug might be used to regulate this
gene to treat the condition."

Story Source:

Materials provided by Baylor College of Medicine. Note: Content may be edited for style and
length.
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< HE X > Gene required for jumping identified in rabbits: Experiments with a rare type of rabbit that
can't jump pinpointed the necessary gene -- ScienceDaily

GENE REQUIRED FOR JUMPING
IDENTIFIED IN RABBITS

Experiments with a rare type of rabbit that can't jump pinpointed the necessary
gene
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Summary:

Rabbits and other hopping animals require a functional RORB gene to move around by
jumping, according to a new study.

FULL STORY

Rabbits and other hopping animals require a functional RORB gene to
move around by jumping, according to a new study by Miguel Carneiro of
the Universidade do Porto and Leif Andersson of Uppsala University
published March 25th in PLOS Genetics.

Rabbits, hares, kangaroos and some rodent species all travel by jumping, but this type of
movement is not well understood on a molecular and genetic level. In the new paper,
researchers investigated jumping-related genes using an unusual breed of domesticated rabbit
called the sauteur d'Alfort. Instead of hopping, it has a strange gait where it lifts its back legs and
walks on its front paws. By breeding sauteur d'Alfort rabbits with another breed and comparing
the offspring's genomes and jumping abilities, the researchers identified the cause of this
developmental defect. They identified a specific mutation in the RAR related orphan receptor B
(RORB) gene. Typically, the RORB protein is found in many regions of the rabbit nervous
system, but the mutation leads to a sharp decrease in the number of neurons in the spinal cord
that produce RORB. This change is responsible for the sauteur d'Alfort's weird walk.

The new study demonstrates that a functional RORB gene is necessary for rabbits and likely
other hopping animals to perform their characteristic jumping gait. The findings build on previous
studies in mice, showing that animals that lack the RORB gene had a duck-like walk.
Additionally, this work advances our understanding of the different ways that animals with
backbones move.

advertisement

"This study provides a rare example of an abnormal gait behavior mapped to a single base
change and the first description of a gene required for saltatorial locomotion," the authors
conclude. "It further demonstrates the importance of the RORB protein for the normal wiring of
the spinal cord, consistent with previous studies in mouse."

Story Source:

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

Journal Reference:

1. Miguel Carneiro, Jennifer Vieillard, Pedro Andrade, Samuel Boucher, Sandra Afonso,
José A. Blanco-Aguiar, Nuno Santos, Jodo Branco, Pedro J. Esteves, Nuno Ferrand,
Klas Kullander, Leif Andersson. A loss-of-function mutation in RORB disrupts
saltatorial locomotion in rabbits. PLOS Genetics, 2021; 17 (3): €1009429
DOI: 10.1371/journal.pgen.1009429

30


https://plos.org/
http://dx.doi.org/10.1371/journal.pgen.1009429

31



BRI DEBEGFRERN -T51LHEE

Hft:2021 £ 3 B 30 B
Y—=R:F—HREARECI—VTEHRHKE
B=:

Ca—CTEMKEOMZEESE, TSALRELHMED CRISPROEAH T, XIAD
EEHMEOSEICEET S ELRFEIE vy E DU LT=, &l Genome Biology |56
[CHRELTWS, CNIE. IVRETILTOITSALHREFAT 2 BHICRRINE-HE
THb,

BIEFHREY—IL CRISPR (FEEEESN TS A, ERIZIFS / LIZE>THEESEY—IL
THH5, CRISPR (L. DNA ZELHAZUIMTH/N\YITHY. [EEILEIEINDIED
F. ZERICITHBICKDDRLGBEDAATHD, BEDHATIEXIS—HMESISH.
EEY AT THLT /LR TSV A LIZERLGEWVREETOAREENH D, D
FRARAGELERZ. — D7/ LHETAIESAESRMEITREND, CHITHL T,
TSALBRETIEIDNADZESLBFAD—FREDOHNYYERSN D,
SEIOERICENTEH, ERIC, CRISPRZFEALIGE . ERILEHRESTHONIz A
FDELCERI DGR TERLEGEVVEGEFDIEEDHE A (insertions) 1= (X HIB&
(deletions) DEETH A A>T L (indels) IDFEMN R R EINT=, 1> TILIE. 5/ LR
EEZEPBITESIELTLEIERLGVWERTHY . HERAEHNDHERICESTHRZ HATEE
HDHD, LH L. TS LRETIE. COERICBEVLWT. AENICAOTILIZRSN G
of=, &L TS,

BoIF. T LBEIRFOECTFHRERMTHY . EEETILEZLVERICERLT
BEAEEBETSIEODMEBEFY—ILRYIRIDILRIZFETSIEDE. EEST
W3,

MEEE=1—R/ MDY TRV ITRED

< X >Prime editing enables precise gene editing without collateral damage | EurekAlert!
Science News

NEWS RELEASE 30-MAR-2021

PRIME EDITING ENABLES PRECISE GENE
EDITING WITHOUT COLLATERAL DAMAGE

MEDICAL COLLEGE OF GEORGIA AT AUGUSTA UNIVERSITY

Research News
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The latest gene editing technology, prime editing, expands the "genetic toolbox" for more
precisely creating disease models and correcting genetic problems, scientists say.

In only the second published study of prime editing's use in a mouse model, Medical College of
Georgia scientists report prime editing and traditional CRISPR both successfully shut down a
gene involved in the differentiation of smooth muscle cells, which help give strength and
movement to organs and blood vessels.

However, prime editing snips only a single strand of the double-stranded DNA. CRISPR makes
double-strand cuts, which can be lethal to cells, and produces unintended edits at both the work
site as well as randomly across the genome, says Dr. Joseph Miano, genome editor, molecular
biologist and J. Harold Harrison, MD, Distinguished University Chair in Vascular Biology at the
MCG Vascular Biology Center.

"It's actually less complicated and more precise than traditional CRISPR," Miano says of prime
editing, which literally has fewer components than the game-changing gene-editing tool CRISPR.

Miano was among the first wave of scientists to use CRISPR to alter the mouse genome in 2013.
Two scientists were awarded the 2020 Nobel Prize in Chemistry for the now 9-year-old CRISPR,
which enabled rapid development of animal models, as well as the potential to cure genetic
diseases like sickle cell, and potentially reduce the destruction caused by diseases like cancer, in
which environmental and genetic factors are both at play.
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Prime editing is the latest gene-editing technology, and the MCG scientists report in the journal
Genome Biology that they were able to use it to remove expression of a gene in smooth muscle
tissue, illustrating prime editing's ability to create cell-specific knockout mice without extensive
breeding efforts that may not result in an exact model, says Dr. Xiaochun Long, molecular
biologist in the Vascular Biology Center. Miano and Long are corresponding authors of the new
study.

Long, Miano and their colleagues did a comparative study using traditional CRISPR and prime
editing in the gene Tspan2, or tetraspan-2, a protein found on the surface of cells. Long had
earlier found Tspan2 was the most prominent protein in smooth muscle cell differentiation and
was likely mutated in cardiovascular disease. She also had identified the regulatory region of this
gene in cultured cells. However, it was unclear whether this regulatory region was important in
mice.

They used CRISPR to create a subtle change in a snippet of DNA within the promoter region of
Tspan2, in this case a three-base change, their standard approach to inactivating control regions
of genes. DNA has four base pairs -- adenine, cytosine, guanine and thymine -- which pair up in
endless different combinations to make us, and which gene-editing tools alter.

CRISPR created a double-strand break in the DNA and following the three-base change, the
Tspan2 gene was no longer turned on in the aorta and bladder of mice.

They then used prime editing to make a single-strand break, or nick, and a single-base change --
like most of the gene mutations that occur in our body -- and found this subtle change also turned
the Tspan2 gene off in the aorta and bladder, but without the collateral damage of CRISPR.

"We were trying to model what could happen with a single nucleotide change," says Miano. "We
asked the question if we incorporate a single-base substitution, if we just make one base change,
what happens to Tspan2 expression? The answer is it did the same thing as the traditional
CRISPR editing: It killed the gene's expression."

But there were also important differences. Using CRISPR, they found evidence of significant
"indels," short for insertions or deletions of bases in genes, which were unintended, both near the
site where the intended edit was made and elsewhere.

The published paper includes a chart with numerous black bars illustrating where multiple
nucleotides, the building blocks of DNA and RNA, are gone after using CRISPR. Indels are those
unintended changes that genome editors strive to avoid because they can create deficits in gene
expression and possible disease. With off-targeting, you could end up substituting one disease
for another, Miano says.

But with prime editing, they saw essentially no indels either at the Tspan2 promoter region or
elsewhere.
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A Manhattan plot illustrated the off-targeting across all chromosomes using both techniques, with
the CRISPR skyline stacking up like a real city while the prime editing skyline is comparatively
flat.

"Prime editing is a less intrusive cut of the DNA. It's very clean," Miano says. "This is what we
want: No detectable indels, no collateral damage. The bottom line is that unintended
consequences are much less and it's actually less complicated to use."

Traditional CRISPR has three components, the molecular scissors, Cas9, the guide RNA that
takes those scissors to the precise location on DNA and a repair template to fix the problem.
Traditional CRISPR cuts both strands of the DNA, which also can happen in nature, can be
catastrophic to the cell and must be quickly mended.

Prime editing has two arms, with a modified Cas9, called a Cas9 nickase, that will only make a
single-strand cut. The scissors form a complex called the "prime editor” with a reverse
transcriptase, an enzyme that can use an RNA template to produce a piece of DNA to replace
the problematic piece in the case of a disease-causing mutation. PegRNA, or prime editing guide
RNA, provides that RNA template, gets the prime editor where it needs to work and helps
stabilize the DNA strands, which are used to being part of a couple.

During the repair of the nicked strand of targeted DNA, the prime editor "copies" a portion of the
pegRNA containing the programmed edit, in this case a single-base substitution, so that the
repaired strand will now carry the single base edit. In the case of creating a disease model, that
enables scientists to "bias" the repair so the desired mutation is created, Miano says.

Dr. David Liu, chemical biologist, Richard Merkin Professor and director of the Merkin Institute of
Transformative Technologies in Healthcare at Harvard University and the Massachusetts
Institute of Technology, and his colleagues developed the first major gene editing technology to
follow CRISPR. They reported on base editing technology in 2016, which uses "base editors" Liu
described as "pencils, capable of directly rewriting one DNA letter into another by actually
rearranging the atoms of one DNA base to instead become a different base." Liu and his
postdoctoral fellow Dr. Andrew Anzalone, first reported on prime editing in the journal Nature in
October 2019. Liu is a coauthor on the newly published study in Genome Biology on prime
editing in mice.

Liu's original work on prime editing was done in culture, and others have shown its efficacy in
plants. This is more proof of principle, Miano says.

The MCG scientists hope more of their colleagues will start using prime editing in their favorite
genes to build experience and hasten movement toward its use in humans.
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Their long-term goals including using safe, specific gene editing to correct genetic abnormalities
during human development that are known to result in devastating malformations and disease
like heart defects that require multiple major surgeries to correct.

Allison Yang, senior research assistant in the Miano lab, is preparing to use prime editing to do
an in utero correction of the rare and lethal megacystis-microcolon-intestinal hypoperistalsis
syndrome, which affects muscles of the bladder and intestines so you have difficulty moving food
through the Gl tract and emptying the bladder. In early work with CRISPR on vascular smooth
muscle cells, Miano and colleagues inadvertently created a near-perfect mouse model of this
human disease that can kill babies.
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Collaborators on the new study include scientists from Albany Medical College, St. Jude
Children's Research Hospital, Cornell University, Synthego, and Harvard University. The
research was supported by the National Institutes of Health.

Changes in just one DNA building block, or nucleotide, called single nucleotide polymorphisms,
or SNPs, are the most common type of genetic variation in people, according to MedlinePlus,
and each person has millions in their genome. A tiny proportion of SNPs, like the one that causes
sickle cell disease, occur in parts of the DNA that produce proteins, which determine cell
function. However, the vast majority of SNPs, such as the artificial one generated with prime
editing here, occur in the human genome where no protein-coding genes are found. This
noncoding portion of the genome, the so called ‘dark matter," comprises 99% of our entire DNA
blueprint of life. Noncoding parts of the genome include regulatory elements like the one
controlling Tspan2 expression.

Read the full study.
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