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EXCESS FOLIC ACID DURING PREGNANCY
HARMS BRAIN DEVELOPMENT OF MICE

Researchers found too much folic acid was just as detrimental as too little

Date:

October 5, 2020
Source:

University of California - Davis Health
Summary:

A study of pregnant mice found high levels of folic acid were associated with significant
changes in brain development of offspring.
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FULL STORY

A UC Davis MIND Institute study of pregnant mice found that high amounts
of folic acid during pregnancy harmed the brain development of embryos.
Researchers say the findings indicate that more investigation is needed
about the best recommended dosage for pregnant women.

"We believe there's a Goldilocks effect with folic acid. Too little is not good, too much is not good;
you have to get it just right," said Ralph Green, UC Davis distinguished professor of pathology
and medicine and a corresponding author of the study.

The research, published Sept. 30 in Cerebral Cortex, involved pregnant mice who were given
either a normal amount of folic acid, 10 times the recommended amount, or none. The offspring
of the mice that received the largest amount showed significant brain changes.

"It's not subtle. It's substantial,” said Konstantinos Zarbalis, associate professor in the
Department of Pathology and Laboratory Medicine and also a corresponding author of the
research. "It makes a marked difference in brain structure if you take very high amounts of folic
acid.”

Paradoxically, changes in the brain due to too much folic acid mimicked those associated with a
deficiency of folic acid. "This, to me, was an even more important insight," said Zarbalis, who is
also on the UC Davis MIND Institute faculty. He noted that in humans, research shows that
impaired folate uptake into the brain can cause cerebral folate deficiency, a syndrome that is
often associated with the development of autism.

Folic acid and pregnancy

Folic acid (the synthetic form of vitamin B9, or folate) supplementation is widely recommended
for women of child-bearing age. It has been shown to substantially reduce the risk of neural tube
defects, such as spina bifida, in children. Research, including studies at the MIND Institute, has
also shown that prenatal vitamins that include folic acid have a protective effect against the
development of autism and other disorders.

Green was on the panel with the National Academy of Sciences and the Institute of Medicine
(now called the National Academy of Medicine) that determined the recommended daily intake of
folic acid (400 mcg) and the maximum daily safe upper limit (1000 mcg). He was also on the
Food and Drug Administration (FDA) panel that recommended adding folic acid to foods, which
led to the fortification of all cereals and grains with folic acid mandated by the Federal
Government in 1998.

"Addition of folic acid to the diet was a good thing, and I've supported fortification, but there is a
‘best amount' of folic acid, and some people may be getting more than is optimal,” said Green.

Women who have given birth to a child with neural tube defects or who have certain conditions
like epilepsy and take anticonvulsants, have generally been advised to take much higher doses
of folic acid.

"In animal models, we have indications that very high amounts of folic acid can be harmful to
brain development of the fetus, and the clinical community should take this indication seriously,
to support research in this area to reevaluate the amount of folic acid that is optimal for pregnant
women," said Zarbalis.

Zarbalis and Green suspect that the problem lies in the way folic acid is metabolized by the body
and have plans to investigate the phenomenon further.
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NEWS RELEASE 8-OCT-2020

NEW SPECIES OF AQUATIC MICE
DISCOVERED, COUSINS OF ONE OF THE
WORLD'S RAREST MAMMALS

Long-legged 'stilt mice' wade into streams to hunt aquatic insects using their

whiskers

FIELD MUSEUM
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IMAGE: AN ILLUSTRATION OF ONE OF THE NEWLY-DESCRIBED SPECIES OF STILT MOUSE, COLOMYS
LUMUMBAI, WADING IN A STREAM TO HUNT. view more

Ninety-three years ago, a scientist trapped a mouse in a stream in Ethiopia. Of all the mice, rats,
and gerbils in Africa, it stood out as the one most adapted for living in water, with water-resistant
fur and long, broad feet. That specimen, housed at Chicago's Field Museum, is the only one of
its genus ever collected, and scientists think it may now be extinct. But in a new study in the
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Zoological Journal of the Linnean Society, researchers have verified this semi-aquatic mouse's
closest cousins, including two species new to science.

"These two groups of mice have been confused with one another for a century,” says Julian
Kerbis Peterhans, one of the paper's authors and a researcher at the Field Museum who's
studied these rodents for over 30 years. "They've been so elusive for so long, they're some of the
rarest animals in the world, so it's exciting to finally figure out their family tree."

"It's underappreciated how little is known about the biodiversity of small mammals, especially in
tropical parts of the world. We're not discovering a whole lot of new lions, tigers, and bears, but
there's an incredible potential for discovery of new species of small mammals because they're
tough to find," says Tom Giarla, the paper's lead author and an assistant professor of biology at
Siena College in New York. "And they're sort of underappreciated animals--they're really cool
when you start to learn about their ecology. These are semi-aquatic mice, so they're not just your
average, everyday rodents."

There are two main kinds of mice that the researchers focused

on: Nilopegamys and Colomys. Nilopegamys (meaning "mouse from the source of the Nile") is
the genus that's only known from one specimen collected in 1927; the genus Colomys is a little
easier to come by, but still difficult to find. While Nilopegamys has only been found in

Ethiopia, Colomys have been found throughout the Congo Basin and into the western part of the

African continent.

Colomys's name roughly translates to "stilt mouse” for its elongated feet that let it wade in
shallow streams to hunt for water-dwelling insects like caddisfly larvae. "These mice are long-
footed, kind of like a kangaroo. They sit up on their haunches, and they wade through shallow
streams with their whiskers on the water's surface detecting movements, like sonar," says Kerbis
Peterhans. They have unusually large brains in order to process this sensory information from
their whiskers when they hunt. They're cute, too, he says: "When | caught my first one some 30
years ago, it was the most beautiful African mouse I'd ever seen, it had water repellent fur that's
very thick and lush and warm and cozy. They're incredibly soft, and they have this remarkable
snow-white belly."

But since they spend their time by water, they're hard to catch. They prefer shallow streams so
that they can use their whiskers to help them hunt, but they've also been found in swampy areas
and even rivers that are 3-4 feet deep in places (they hang out by the shallow edges). "To cross
one of the rivers where | caught a Colomys, you have to use walking sticks, the water's up to
your waist," says Terry Demos, a postdoctoral researcher at the Field Museum and another of
the paper's authors. "And you can have torrential rain in the tropics, so sometimes half the traps
get swept away, and you have to go downriver to try to find them."
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For this study, the researchers conducted the first evaluation of Colomys throughout its broad
range, drawing from new field work and museum collections. They compared the animals'
physical traits and analyzed their DNA. The analyses revealed that within the Colomys genus,
there were two new species that had not yet been described. They've been

named Colomys lumumbai and C. wologizi, after, respectively, Congolese independence leader
Patrice Lumumba and Liberia's Wologizi Mountains. The researchers also found that one
subspecies actually constituted its own separate species, and revised the range of another
species.

Giarla was also able to extract DNA from a piece of dried tissue on the skull of the 93-year-old
specimen of Nilopegamys in the Field's collections. "When you're working with these this 'ancient
DNA' or 'antique DNA," you have to treat it differently. There can't be any contaminating DNA
present, because that could ruin your whole study," says Giarla. "l was stunned that | actually got
it to work on my first try." The DNA showed that Nilopegamys is a sister genus to Colomys: its
closest relative.

Learning about the different species of mice in streams halfway around the world has broad
implications for conservation science. "The new species we named are part of a global effort to
understand the biodiversity of African rainforests and highlight the critical areas to be preserved,"
says Demos. "There are vast areas of the Congo Basin that have barely been explored in the
last seventy years, places that are hard to access due to political instability. We're not even
completely sure how these animals are distributed, there are big gaps.”

The findings could even help inform public health efforts down the line. "COVID is a zoonotic
disease, and biodiversity research is essential to understanding zoonotic disease," says Giarla.
"We need to understand what species are present in natural areas, especially natural areas
being changed by humans." (It's worth noting, the mice in this paper aren't known to carry
diseases that affect humans--studying them and other animals can help scientists get a better
baseline of which species live where, and that can help pinpoint zoonotic diseases in the future.)

The researchers also note that their research was made possible by a large international network
of scientists. "If you look at the author list, but we have people from all over the world," says
Giarla. "We have colleagues in Africa and Europe and the United States. Museums in the Czech
Republic, Germany, the US, South Africa, Eswatini. We had people all over the world helping us
with this effort: field workers, geneticists, morphologists. Science is a really global effort."”
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SCIENTISTS SHOW JET LAG CONDITIONS
IMPAIR IMMUNE RESPONSE IN MICE

Chronic jet lag creates favorable cancer conditions in experimental models

Date:

October 14, 2020

Source:

Virginia Tech

Summary:
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Researchers reveal in a mouse study that chronic jet lag alters the microenvironment
surrounding tumor cells, making it more favorable for tumor growth, and also hinders the
body's natural immune defenses.

FULL STORY

Imagine you've just arrived in Paris. Your body thinks it should be midnight
-- a restorative time when your cells typically proofread DNA, organize and
store energy, and perform other essential chores -- but, instead, the sun is
up and you're awake. On a molecular level, your cells are stressed, trying
to catch up to new environmental conditions.

Shiftwork and experimental models of frequent flying across time zones have been correlated
with cancer risk, but not much is known about how these circadian disruptions impact the body's
ability to curb cancer growth on a molecular scale.

Now, a new study published today (Wednesday, Oct. 14) in Science Advances reveals that
chronic jet lag alters the microenvironment surrounding tumor cells, making it more favorable for
tumor growth, and also hinders the body's natural immune defenses.

The research, led by corresponding authors Carla Finkielstein, an associate professor at the
Fralin Biomedical Research Institute at VTC, and Diego Golombek, a professor at the National
University of Quilmes in Argentina, adds to the rapidly growing scientific field of the effect of
circadian disruption on health and wellbeing.

"A key takeaway from this study is that if someone has a proliferative disorder, in this case
melanoma, doing shift work or regularly changing time zones could exacerbate the problem by
dampening immune system response to tumor growth," said Finkielstein, who is also an
associate professor of biology in Virginia Tech's College of Science, and director of the Molecular
Diagnostics Laboratory at the Fralin Biomedical Research Institute. "This research also helps
explain why some tumors win the race when a person is exposed to the chronically stressful
conditions that occur when the environment and the body's clocks are misaligned.”

Every cell in your body has its own set of molecular clocks -- a series of genes, proteins, and
signaling chemicals that set the pace for cell growth, division, and decay. In cancer cells, these
clocks are often altered, which allows the tumor to set its own pace for rapid, unchecked
proliferation.

The body's master timekeeper is located in the brain, where it's entrained by light and sends
signals to synchronize peripheral clocks located throughout the body. When our perception of
day and night becomes muddled due to irregular intervals of light and dark, our internal clocks
and the environment are misaligned, which, as this study shows, can have subtle yet significant
consequences at a cellular level.

The researchers wanted to know how chronic jet lag impacts the microenvironment surrounding
cancer cells and examined two groups of mice that were injected with melanoma cells. The first
group was exposed to a normal circadian schedule: 12 hours of light and 12 hours of dark. The
second group's light and dark exposure was shifted by six hours every two days -- the equivalent
of roaming across 21 time zones per week.

A month later, the scientists observed that the tumors in the jet lagged group were roughly three
times the size of the control group.

They also examined samples from the microenvironment surrounding the tumor, the spleen,
which produces immune cells, and the liver. The researchers found peculiar contrasts in how the
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immune system responded to the tumor. For example, the levels of different types of immune
cells called macrophages were inverted to be more prone to accept tumor growth in the jet
lagged group.

Similarly, the rhythms of other immune cells and molecules, including cytokines, were disrupted.
Even though the tumors didn't spread into their neighboring organ, the liver, or the spleen, the
scientists observed that the circadian variations in the immune system in both of these organs
were deregulated.

"We combined two different approaches of chronobiology research to study the effects of
circadian desynchronization on both tumor growth and immune rhythms, and we found a link,"
Golombek said. "You need optimal rhythms in immune cells and immune humoral factors to quell
rapid tumor growth. When circadian rhythms are chronically disrupted, these rhythms are
impaired, inverted, or disappear entirely, which could help explain why the tumors were
significantly larger in the desynchronized group.”

Finkielstein and Golombek plan to continue studying how immune genes and cell cycle genes
are related in the context of cancer.

Story Source:

Materials provided by Virginia Tech. Note: Content may be edited for style and length.
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VITAMIN A BOOSTS FAT BURNING IN COLD
CONDITIONS

The conversion of white into brown adipose tissue is a promising target for
obesity treatment
Date:
October 21, 2020
Source:
Medical University of Vienna
Summary:

A recent study shows that cold ambient temperatures increase vitamin A levels in
humans and mice. This helps convert 'bad' white adipose tissue into 'good' brown
adipose tissue which stimulates fat burning and heat generation.
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FULL STORY

A recent study conducted by a research team led by Florian Kiefer from
MedUni Vienna's Division of Endocrinology and Metabolism shows that
cold ambient temperatures increase vitamin A levels in humans and mice.
This helps convert "bad" white adipose tissue into "good" brown adipose
tissue which stimulates fat burning and heat generation. This "fat
transformation” is usually accompanied by enhanced energy consumption
and is therefore considered a promising approach for the development of
novel obesity therapeutics. The study has now been published in the
journal Molecular Metabolism.

In humans and mammals, at least two types of fatty depots can be discerned, white and brown
adipose tissue. During obesity development, excess calories are mainly stored in white fat. In
contrast, brown fat burns energy and thereby generates heat. More than 90% of the body fat
depots in humans are white which are typically located at the abdomen, bottom, and upper
thighs. Converting white into brown fat could be a new therapeutic option to combat weight gain
and obesity.

A research group led by Florian Kiefer from the Division of Endocrinology and Metabolism,
Department of Medicine Ill at MedUni Vienna demonstrated now that moderate application of
cold increases the levels of vitamin A and its blood transporter, retinol-binding protein, in humans
and mice. Most of the vitamin A reserves are stored in the liver and cold exposure seems to
stimulate the redistribution of vitamin A towards the adipose tissue. The cold-induced increase in
vitamin A led to a conversion of white fat into brown fat ("browning"), with a higher rate of fat
burning.

When Kiefer and his team blocked the vitamin A transporter "retinol-binding protein” in mice by
genetic manipulation, both the cold-mediated rise in vitamin A and the "browning" of the white fat
were blunted: "As a consequence, fat oxidation and heat production were perturbed so that the
mice were no longer able to protect themselves against the cold," explains Kiefer. In contrast, the
addition of vitamin A to human white fat cells led to the expression of brown fat cell
characteristics, with increased metabolic activity and energy consumption.

"Our results show that vitamin A plays an important role in the function of adipose tissue and
affects global energy metabolism. However, this is not an argument for consuming large amounts
of vitamin A supplements if not prescribed, because it is critical that vitamin A is transported to
the right cells at the right time," explains the MedUni Vienna researcher. "We have discovered a
new mechanism by which vitamin A regulates lipid combustion and heat generation in cold
conditions. This could help us to develop new therapeutic interventions that exploit this specific
mechanism."

Scientists from Harvard University, Boston and Rutgers University, New Jersey were also
involved in the study. The study was funded by the Austrian Science Fund (FWF), the Vienna
Science and Technology Fund (WWTF) and the research fund of the Austrian Diabetes Society.

Story Source:

Materials provided by Medical University of Vienna. Note: Content may be edited for style and
length.
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NEWS RELEASE 21-OCT-2020

ANIMAL-BASED RESEARCH: NEW
EXPERIMENTAL DESIGN FOR AN
IMPROVED REPRODUCIBILITY

New study published in Scientific Reports

UNIVERSITY OF MUNSTER
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IMAGE: THE BEHAVIOURAL BIOLOGISTS TESTED THEIR NEWLY DEVELOPED EXPERIMENTAL DESIGN

ON MICE. view more

CREDIT: WWU - DEPARTMENT OF BEHAVIOURAL BIOLOGY

In research, the results of studies must be precise and reproducible. For this reason, researchers
carried out experiments under strictly standardized laboratory conditions. However, despite the
high standards applied, results from individual studies cannot always be reproduced in practice.
Especially in cases in which animals are used for research purposes and the original study
cannot be repeated, this raises severe ethical questions. For a long time now, researchers have
been debating this aspect under the heading "reproducibility crisis”". Behavioural scientists at the
University of Minster have now been able to demonstrate that a new experimental design can
improve the reproducibility and validity of results from studies involving animal experiments. The
study has been published in the journal Scientific Reports.

Methodology

What animal scientists usually understand by "standardized experimental conditions" is that for
example all the animals are tested on the same day in spring, at the same time and by the same
person. Just taking a different season or time, however, can lead to different findings. Nowadays,
there are debates more and more often as to whether the very strict standardization might not
actually be the cause of numerous non-reproducible results. This is where the empirical study
carried out by the Mlnster researchers comes in.
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Instead of testing all the animals used in an experiment under strictly standardized conditions
and at one point in time, the researchers split up the one big experiment into smaller, individual
ones - so-called 'mini-experiments'. As a result, there were slight differences between 'mini-
experiments' in laboratory-specific ambient conditions such as noise level or temperature. "lt's
important that the biological variation found in real life is reflected in the lab," explains Vanessa
von Kortzfleisch, a PhD student with Prof. Helene Richter at the Institute of Neuro- and
Behavioural Biology at Minster University and first author of the study. "We were able to
demonstrate,” she adds, "that changing the design of the experiment slightly has enormous
consequences for the knowledge gained."

The new experimental design was tried out on mice from different breeding lines, with several
weeks between each 'mini-experiment'. In order to evaluate the reproducibility of the results in
both experimental designs, the researchers repeated the same behavioural experiment four
times in each design. "The results from the mini-experiment design turned out to be better
reproducible than the results from the conventionally used standardized design," says Vanessa
von Kortzfleisch.

Improving study designs is one important step towards better reproducible experiments in
animal-based research. Although many animal experiments are still indispensable, there is
agreement on limiting them to the minimum necessary, with guidance being provided by the "3R
concept": replacement, reduction and refinement. The newly developed experimental design is
not only easy to implement in research work, it also makes a significant contribution to the
refinement and reduction of such experiments.

HHHH#

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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DELIVERING PROTEINS TO TESTES COULD
SOMEDAY TREAT MALE INFERTILITY

Date:
October 21, 2020
Source:

American Chemical Society
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Summary:

According to the Mayo Clinic, about 15% of couples are infertile, and male infertility plays
a role in over one-third of these cases. Often, problems with sperm development are to
blame. Now, researchers have found a way to deliver a protein important for sperm cell
production directly to mouse testicles, where it restored normal sperm development and
allowed previously infertile mice to father pups.

FULL STORY

According to the Mayo Clinic, about 15% of couples are infertile, and male
infertility plays a role in over one-third of these cases. Often, problems with
sperm development are to blame. Now, researchers reporting in ACS
Nano have found a way to deliver a protein important for sperm cell
production directly to mouse testicles, where it restored normal sperm
development and allowed previously infertile mice to father pups.

Male infertility often happens because of a lack of sperm in the semen, which can result from
damage to the blood-testis barrier (BTB). This barrier protects reproductive cells from harmful
toxicants and drugs, and a protein called PIN1 is important for its function. Mice genetically
engineered to lack PIN1 are infertile, with small testes, depleted sperm stem cells and a low
sperm count. Although scientists have considered gene therapies to treat male infertility, these
procedures are risky because they could cause unwanted genetic changes in reproductive cells
that might be passed onto offspring. Hyun-Mo Ryoo and colleagues wanted to develop a system
to deliver proteins (such as PIN1) instead of genes to the testes, but first they had to find a way
to get proteins through the complex tubes of the testicles and into cells.

The researchers developed a delivery system called Fibroplex, which consisted of spherical
nanoparticles made of silk fibroin and a coating of lipids. They loaded PIN1 into Fibroplex, and
showed that the particles appeared safe and didn't show signs of toxicity or testicular damage in
mice. When the team injected the PIN1-loaded Fibroplex into the testes of young mice with PIN1
deletions, the treatment restored nearly normal PIN1 levels and sperm stem cell numbers and
repaired the BTB. Treated mice had normal testicular weight and size and about 50% of the
sperm count of wild-type mice. Until about 5 months after treatment, when the protein degraded,
the PIN1-Fibroplex-treated mice fathered a similar number of pups as wild-type mice, whereas
untreated mice with PIN1 deletions remained infertile. This is the first demonstration of direct
delivery of proteins into the testis to treat male infertility, the researchers say.

Story Source:

Materials provided by American Chemical Society. Note: Content may be edited for style and
length.

Journal Reference:

1. Woo Jin Kim, Bong Soo Kim, Hyun Jung Kim, Young Dan Cho, Hye Lim Shin, Hee In
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Peptidyl Prolyl Isomerase 1 Protein Delivery Using Cationic Lipid-Coated Fibroin
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NEW THERAPEUTIC APPROACH AGAINST
LEUKEMIA
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Bone marrow aspirate showing acute myeloid leukemia. Several blasts have Auer rods.
Credit: Wikipedia

Leukemia frequently originates from the so-called leukemic stem cell, which resides
in a tumor promoting and protecting niche within the bone marrow. Scientists from
the Max Planck Institute of Biochemistry in Martinsried, Germany, have found a new
way to make these cells vulnerable by specifically dislodging these cells from their
niches.

Since blood cells have a limited lifespan, are lost during bleeding or are used up
during infections, they must be replaced continuously. This supply is ensured by the
so-called hematopoietic stem cells in the bone marrow. These cells can develop into
any type of blood cell.

Since blood cells have a limited lifespan, are lost during bleeding or are used up
during infections, they must be replaced continuously. This supply is ensured by the
so-called hematopoietic stem cells in the bone marrow. These cells can develop into
any type of blood cell.

In chronic myeloid leukemia, the hematopoietic stem cell undergoes a genetic
mutation by recombining chromosome 9 and 22. As a result, gene building blocks
fuse that would otherwise not be in contact with each other. The incorrectly
assembled chromosome is called a Philadelphia chromosome and harbors the
construction manual for the so-called BCR-ABL oncogene. This causes the leukemic
stem cell to behave selfishly and divide at the expense of healthy blood stem cells.

Without Kindlin-3 no leukemia

A leukemic stem cell creates an environment termed the malignant niche that ensure
its survival and proliferation. To remain in this tumor-promoting niche, the leukemic
stem cell uses so-called integrins to attach itself to a scaffold of extracellular
proteins, the so-called extracellular matrix, and to neighboring cells. In the leukemic
stem cell, the activity and function of the integrins is facilitated by an intracellular
protein called Kindlin.
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Peter Krenn, first author of the study, explains: "The isoform Kindlin-3 is only used
by blood cells. If mice harbor leukemic stem cells that lack Kindlin-3, they do not
develop leukemia. Without Kindlin-3 and active integrins, the leukemic stem cells
cannot attach themselves to their niche environment and are released from the bone
marrow into the blood. Since they cannot home elsewhere either, they remain in the
blood. There the leukemic stem cells lack the urgently needed support, which they
usually receive from the niche, and die."

New therapeutic approach: Kindlin-3 and CTLA-4

The new finding that the leukemic stem cells express a protein called CTLA-4 on
their surface, which is absent from healthy blood stem cells, allowed the researchers
to distinguish a leukemic blood stem cell from a healthy blood stem cell. The
scientists used the CTLA-4 receptor as a shuttle to deliver a Kindlin-3 destroying
compound, into leukemic stem cells. Peter Krenn explains, "CTLA-4 is only briefly
present on the cell surface and is then rapidly recycled back into the cell and then
back to the cell surface again. This enabled us to introduce a Kindlin-3 degrading
siRNA into the cell by coupling it to a CTLA-4-binding RNA sequence, which is called
aptamer. The leukemic stem cell without Kindlin-3 is flushed from the bone

marrow and the leukemia loses its origin and runs out of fuel.”

Peter Krenn summarizes: "In our current study we have developed a new therapeutic
approach to treat chronic myeloid leukemia in mice. However, the principle of the
therapy is universally valid. The inhibited Kindlin-3 production and consequent loss
of integrin function prevents the cancer cells from being able to adhere and settle in
tumor-promoting niches. | assume that this method will also prevent the

cancer cells of other types of leukemia from settling and that these diseases could
thus become much more treatable."

Explore further

More selective elimination of leukemia stem cells and blood stem cells

More information: Peter William Krenn et al, Kindlin-3 loss curbs chronic myeloid leukemia
in mice by mobilizing leukemic stem cells from protective bone marrow niches, Proceedings
of the National Academy of Sciences (2020). DOI: 10.1073/pnas.2009078117

Journal information: Proceedings of the National Academy of Sciences

Provided by Max Planck Society
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HOW EXERCISE STALLS CANCER GROWTH
THROUGH THE IMMUNE SYSTEM

Date:

October 26, 2020

Source:
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Karolinska Institutet
Summary:

People with cancer who exercise generally have a better prognosis than inactive
patients. Now, researchers have found a likely explanation of why exercise helps slow
down cancer growth in mice: Physical activity changes the metabolism of the immune
system's cytotoxic T cells and thereby improves their ability to attack cancer cells.

FULL STORY

People with cancer who exercise generally have a better prognosis than
inactive patients. Now, researchers at Karolinska Institutet in Sweden have
found a likely explanation of why exercise helps slow down cancer growth
In mice: Physical activity changes the metabolism of the immune system's
cytotoxic T cells and thereby improves their ability to attack cancer cells.
The study is published in the journal eLife.

"The biology behind the positive effects of exercise can provide new insights into how the body
maintains health as well as help us design and improve treatments against cancer," says Randall
Johnson, professor at the Department of Cell and Molecular Biology, Karolinska Institutet, and
the study's corresponding author.

Prior research has shown that physical activity can prevent unhealth as well as improve the
prognosis of several diseases including various forms of cancer. Exactly how exercise exerts its
protective effects against cancer is, however, still unknown, especially when it comes to the
biological mechanisms. One plausible explanation is that physical activity activates the immune
system and thereby bolsters the body's ability to prevent and inhibit cancer growth.

In this study, researchers at Karolinska Institutet expanded on this hypothesis by examining how
the immune system's cytotoxic T cells, that is white blood cells specialized in killing cancer cells,
respond to exercise.

They divided mice with cancer into two groups and let one group exercise regularly in a spinning
wheel while the other remained inactive. The result showed that cancer growth slowed and
mortality decreased in the trained animals compared with the untrained.

Next, the researchers examined the importance of cytotoxic T cells by injecting antibodies that
remove these T cells in both trained and untrained mice. The antibodies knocked out the positive
effect of exercise on both cancer growth and survival, which according to the researchers
demonstrates the significance of these T cells for exercise-induced suppression of cancer.

The researchers also transferred cytotoxic T cells from trained to untrained mice with tumors,
which improved their prospects compared with those who got cells from untrained animals.

To examine how exercise influenced cancer growth, the researchers isolated T cells, blood and
tissue samples after a training sessions and measured levels of common metabolites that are
produced in muscle and excreted into plasma at high levels during exertion. Some of these
metabolites, such as lactate, altered the metabolism of the T cells and increased their activity.
The researchers also found that T cells isolated from an exercised animal showed an altered
metabolism compared to T cells from resting animals.

In addition, the researchers examined how these metabolites change in response to exercise in
humans. They took blood samples from eight healthy men after 30 minutes of intense cycling
and noticed that the same training-induced metabolites were released in humans.
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"Our research shows that exercise affects the production of several molecules and metabolites
that activate cancer-fighting immune cells and thereby inhibit cancer growth," says Helene
Rundgqvist, senior researcher at the Department of Laboratory Medicine, Karolinska Institutet,
and the study's first author. "We hope these results may contribute to a deeper understanding of
how our lifestyle impacts our immune system and inform the development of new
immunotherapies against cancer.”

The researchers have received financing from the Knut and Alice Wallenberg Foundation, the
Swedish Research Council, the Swedish Cancer Society, the Swedish Childhood Cancer
Foundation, the Swedish Society of Medicine, Cancer Research UK and the Wellcome Trust.

MAKE A DIFFERENCE: SPONSORED OPPORTUNITY

Story Source:

Materials provided by Karolinska Institutet. Note: Content may be edited for style and length.
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NEWS RELEASE 26-OCT-2020

NEW INSIGHTS INTO A POTENTIAL
TARGET FOR AUTOIMMUNE DISEASE

According to research by the School of Dental Medicine's George
Hajishengallis and colleagues, novel insights into a pathway that restrains the
Immune response opens up new avenues for treating inflammatory and
autoimmune conditions

UNIVERSITY OF PENNSYLVANIA

Immune response is a balancing act: Too much can lead to inflammatory or autoimmune
disease; too little could lead to a serious infection. Regulatory T cells, or Tregs, are important
players in striking this balance, acting as "brakes" on the immune response so it doesn't go
overboard.
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Consequently, controlling the numbers and activity of Tregs is crucial in maintaining health. New
findings from a multi-institutional team, including the School of Dental Medicine's George
Hajishengallis, suggest that targeting the molecule DEL-1, which promotes the generation and
immunosuppressive activity of Tregs, could be an effective way to treat conditions where taming
an inflammatory or autoimmune response is desired.

The team reported their findings in the Journal of Clinical Investigation.

"In earlier work we saw a correlation: During resolution of inflammation, Tregs numbers went up
and DEL-1 levels went up,” Hajishengallis says. "We wanted to understand how the two were
connected.”

Hajishengallis and colleagues, including Triantafyllos Chavakis of Technical University Dresden,
had earlier used a mouse model of periodontitis, severe gum disease, to show that DEL-1
promotes the resolution of inflammation--in other words, helps the body return to a normal state.
In the new study, they relied on this model again to probe the relationship between DEL-1 and
Tregs which, like DEL-1, also become abundant during the inflammation-resolution process.

Mice that were bred to lack DEL-1 had significantly lower levels of Tregs than mice with DEL-1.
Meanwhile their levels of Th17 cells, a T cell type associated with inflammation, went up. An
injection of DEL-1 could restore levels of Tregs in the mice otherwise deficient in the protein.

The correlation offered a clue but not evidence of a direct relationship between DEL-1 and Tregs.
"There's a reciprocity between Tregs and Th17 cells,” says Hajishengallis. "So with this result we
didn't know if DEL-1 is acting on Tregs or Th17 cells."

To firm up this connection, they performed experiments using mouse cells in culture to see
whether DEL-1 could influence the development of T cells into either mature Th17 or Treg cells.
While DEL-1 did not appear to directly influence the generation of Th17 cells, its effect on Tregs
"was striking," Hajishnegallis says. Their findings held when looking in human cells, with the
generation of Tregs enhanced in the presence of DEL-1.

What's more, the researchers found that T cells' immunosuppressive function--a characteristic
supported by Tregs--was strengthened when DEL-1 was present.

With more confidence that DEL-1 was supporting the activity of Tregs, the researchers pursued a
series of additional experiments that unveiled more details about the signalling pathway in which
DEL-1 was acting. They found that DEL-1 interacted with a molecule on the T cell surface which
induced a transcription factor called RUNX1 that promotes the expression and stability of
FOXP3, a "master regulator” of Tregs. "Without FOXP3 you cannot have Tregs," Hajishengallis
says.
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Their work showed that DEL-1 was also acting epigenetically to stabilize FOXP3 by removing
small molecular "tags" known as methyl groups located in the region of this gene.

FOXP3 deficiencies are indeed linked to serious conditions in humans. IPEX syndrome, for
example, an X-linked condition caused by a FOXP3 mutation, causes people to have very low
numbers of Tregs and, frequently to develop multiple autoimmune diseases.

Though the researchers had begun with a gum disease model, they believed that the link
between DEL-1 and Tregs was more universal and thus investigated the link in a mouse model
of acute lung inflammation, finding the same pattern: A dearth of DEL-1 was associated with
severely reduced numbers of Tregs and a poorer resolution of inflammation.

In future work, Hajishengallis and his collaborators hope to go deeper into the mechanism,
testing whether the source of DEL-1 matters in terms of its regulation of Tregs. Other groups,
they note, may want to begin to take the findings in a translational direction to apply them in
models of autoimmune diseases, which could be tamed by a shift in balance toward
immunosuppression.

"l believe DEL-1 is not just for periodontitis and inflammation, but is also a potential target in
autoimmune diseases," Hajishengallis says.
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Hajishengallis' coauthors were Xiaofie Li, Tetsuhiro Kajikawa, Hui Wang, and Jong-Hyung Lim of
Penn Dental Medicine; Khalil Bdeir of Penn's Perelman School of Medicine; Xiang Yu of Penn's
School of Arts & Sciences; Universita degli Studi di Napoli's Alessandra Colamatteo, Clorinda
Fusco, Giuseppe Matarese, and Antonio Porcellini; Technical University Dresden's Lydia
Kalafati, Kyoung-Jin Chung, and Triantafyllos Chavakis; and the Consiglio Nazionale delle
Ricerche's Salvatore De Simone and Veronica De Rosa.
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