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<E X >Your gut senses the difference between real sugar and artificial sweetener: Sugar
preference isn’t just a matter of taste - it's deeper than that -- ScienceDaily

Your gut senses the difference between real
sugar and artificial sweetener

Sugar preference isn't just a matter of taste - it's deeper than that

Date:

January 13, 2022
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Source:
Duke University
Summary:

Why do mice without taste buds still prefer real sugar to the fake stuff? 'We've identified
the cells that make us eat sugar, and they are in the gut,’ said one of the researchers.
Specialized cells in the upper gut send different signals to the brain for sugar and sugar
substitute.

FULL STORY

Your taste buds may or may not be able to tell real sugar from a sugar
substitute, but there are cells in your intestines that can and do distinguish
between the two sweet solutions. And they can communicate the difference
to your brain in milliseconds.

Not long after the sweet taste receptor was identified in the mouths of mice 20 years ago,
scientists attempted to knock those taste buds out. But they were surprised to find that mice
could still somehow discern and prefer natural sugar to artificial sweetener, even without a sense
of taste.

The answer to this riddle lies much further down in the digestive tract, at the upper end of the gut
just after the stomach, according to research led by Diego Bohérquez, an associate professor of
medicine and neurobiology in the Duke University School of Medicine.

In a paper appearing Jan. 13 in Nature Neuroscience, "we've identified the cells that make us eat
sugar, and they are in the gut,” Bohdrquez said. Infusing sugar directly into the lower intestine or
colon does not have the same effect. The sensing cells are in the upper reaches of the gut, he
said.

Having discovered a gut cell called the neuropod cell, Bohdrquez with his research team has
been pursuing this cell's critical role as a connection between what's inside the gut and its
influence in the brain. The gut, he argues, talks directly to the brain, changing our eating
behavior. And in the long run, these findings may lead to entirely new ways of treating diseases.

Originally termed enteroendrocrine cells because of their ability to secrete hormones, specialized
neuropod cells can communicate with neurons via rapid synaptic connections and are distributed
throughout the lining of the upper gut. In addition to producing relatively slow-acting hormone
signals, the Bohorquez research team has shown that these cells also produce fast-acting
neurotransmitter signals that reach the vagus nerve and then the brain within milliseconds.

Bohdrquez said his group's latest findings further show that neuropods are sensory cells of the
nervous system just like taste buds in the tongue or the retinal cone cells in the eye that help us
see colors.

"These cells work just like the retinal cone cells that that are able to sense the wavelength of
light," Bohérquez said. "They sense traces of sugar versus sweetener and then they release
different neurotransmitters that go into different cells in the vagus nerve, and ultimately, the
animal knows 'this is sugar' or 'this is sweetener.™



Using lab-grown organoids from mouse and human cells to represent the small intestine and
duodenum (upper gut), the researchers showed in a small experiment that real sugar stimulated
individual neuropod cells to release glutamate as a neurotransmitter. Artificial sugar triggered the
release of a different neurotransmitter, ATP.

Using a technique called optogenetics, the scientists were then able to turn the neuropod cells on
and off in the gut of a living mouse to show whether the animal's preference for real sugar was
being driven by signals from the gut. The key enabling technology for the optogenetic work was a
new flexible waveguide fiber developed by MIT scientists. This flexible fiber delivers light
throughout the gut in a living animal to trigger a genetic response that silenced the neuropod
cells. With their neuropod cells switched off, the animal no longer showed a clear preference for
real sugar.

"We trust our gut with the food we eat," Bohdrquez said. "Sugar has both taste and nutritive
value and the gut is able to identify both."

"Many people struggle with sugar cravings, and now we have a better understanding of how the
gut senses sugars (and why artificial sweeteners don't curb those cravings)," said co-first author
Kelly Buchanan, a former Duke University School of Medicine student who is now an Internal
Medicine resident at Massachusetts General Hospital. "We hope to target this circuit to treat
diseases we see every day in the clinic."

In future work, Bohérquez said he will be showing how these cells also recognize other
macronutrients. "We always talk about 'a gut sense,' and say things like 'trust your gut," well,
there's something to this," Bohorquez said.

"We can change a mouse's behavior from the gut," Bohérquez said, which gives him great hope
for new therapies targeting the gut.

Support for this study came from the National Institutes of Health (R21 AT010818, DP2
MH122402, RO1 DK131112), the Howard Hughes Medical Institute, the Hartwell Foundation and
the MIT McGovern Institute.

Story Source:

Materials provided by Duke University. Original written by Karl Leif Bates. Note: Content may be
edited for style and length.

Journal Reference:

1. Kelly L. Buchanan, Laura E. Rupprecht, M. Maya Kaelberer, Atharva Sahasrabudhe,
Marguerita E. Klein, Jorge A. Villalobos, Winston W. Liu, Annabelle Yang, Justin Gelman,
Seongjun Park, Polina Anikeeva, Diego V. Bohérquez. The preference for sugar over
sweetener depends on a gut sensor cell. Nature Neuroscience, 2022;
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revs up immune system against deadly brain tumor -- ScienceDaily

Boosting T cells improves survival in mice
with glioblastoma

Treatment with interleukin-7 revs up immune system against deadly brain tumor

Date:
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Source:

Washington University School of Medicine
Summary:

A new study shows that treatment with an immune-boosting protein called interleukin 7
(IL-7) in combination with radiation improves survival in mice with glioblastoma. The
study in mice suggests promise for a phase 1/2 clinical trial that is investigating a long-
acting type of IL-7 in patients with glioblastoma.

FULL STORY

Glioblastoma, an aggressive cancer in the brain or spinal cord, has proven
stubbornly resistant to newer immunotherapies. And radiation and
chemotherapy, the standard treatment for glioblastoma, result in fewer than
10% of patients surviving longer than five years after diagnosis.

But a new study from researchers at Washington University School of Medicine in St. Louis
shows that treatment with an immune-boosting protein called interleukin 7 (IL-7) in combination
with radiation improves survival in mice with glioblastoma. The new mouse study shows that IL-7
increases the number of T cells in the tumor and other immune organs. Such immune cells can
then attack the cancer cells and improve survival.

The findings are published Jan. 14 in Clinical Cancer Research, a journal of the American
Association for Cancer Research.

The study in mice suggests promise for a phase 1/2 clinical trial at Siteman Cancer Center at
Barnes-Jewish Hospital and Washington University School of Medicine in St. Louis that is
investigating a long-acting type of IL-7 in patients with glioblastoma.

Radiation in combination with chemotherapy is the standard of care for various cancers including
glioblastoma. Although beneficial against cancer, these treatments also can impair patients' T
cells, known as lymphocytes, that are important for fighting infections. Many glioblastoma
patients have low levels of T cells. Glioblastoma patients who have chronically low lymphocyte
counts don't survive as long as patients with higher numbers of these T cells.

"Previously, a multicenter study from the American Brain Tumor Consortium showed a six-month
shorter survival for patients with low versus normal numbers of T cells," said first author Jian L.
Campian, MD, PhD, who conducted the research at Washington University School of Medicine
and the Brain Tumor Center at Siteman. "We knew that glioblastoma patients with low
lymphocytes surprisingly also have low IL-7, which is a growth factor that supports T cells.
Normally, people with low T cells should have a high level of IL-7. We wanted to find out if giving
IL-7 to patients could increase the numbers of T cells and, in the process, have a positive impact
on survival."

The researchers found that mice with glioblastoma tumors treated with a combination of
chemotherapy, radiation and IL-7 lived longer than mice that received only chemotherapy and
radiation. On average, control mice that received no treatment lived about 20 days after tumor
implantation. The mice that received IL-7 alone lived about 30 days, and those that received
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radiation alone lived about 35 to 40 days. The mice that received a combination of radiation and
IL-7 lived at least 40 days, and many were still alive at 90 days. The longest survival was in the
mice that received the triple combination of chemotherapy, radiation and IL-7, most of which lived
at least 45 days, with many still alive at the 90-day mark.

"It's difficult to know how these increases in survival in mice might translate to people,” said co-
senior author Milan Chheda, MD, an associate professor of medicine. "If many of these mice are
surviving at least three months by adding IL-7, we're hoping to see some type of improvement in
our patients who are treated with IL-7. As a basis for comparison, the chemotherapy given for
glioblastoma is called temozolomide, and it was first approved because it improved patient
survival by an average of slightly over two months."

In addition to increasing T cell numbers in the tumor and the tumor's environment, IL-7 treatment
increased T cells in the blood and immune organs, including the thymus, spleen and lymph
nodes, the investigators found. The therapy also reduced T regulatory cells, which are known to
suppress the immune system in the microenvironment of brain tumors.

"We are encouraged by the results we are seeing in the mice," said senior author Dinesh
Thotala, PhD, an associate professor of radiation oncology. "We also see evidence that IL-7
could be considered as a replacement for temozolomide, especially among the nearly 70% of
patients who have a type of tumor that does not respond well to this chemotherapy."

The researchers explained that current immunotherapies called immune checkpoint inhibitors
work by taking the brakes off immune cells that are already present. Since so many glioblastoma
patients have depleted T cell numbers, it is perhaps not surprising that immune checkpoint
inhibitors have not proven effective.

"If we are able to increase the number of T cells by giving IL-7, we would like to find out if adding
immune checkpoint inhibitors would then increase T cell activity against the cancer cells," said
Chheda, who treats patients at Siteman Cancer Center.

Campian, who is now with the Mayo Clinic, said the researchers have plans to launch a follow-up
study in glioblastoma patients at Washington University and the Mayo Clinic to determine
whether combining immune checkpoint inhibitors with long-acting IL-7 boosts survival.

This work was supported by NeolmmuneTech Inc.; the Division of Oncology Startup Funds, the
Department of Radiation Oncology Startup Funds; the National Institute of Neurological
Disorders and Stroke of the National Institutes of Health (NIH), grant number R0O1 NS117149; the
Alvin J. Siteman Cancer Research Fund; and the Alvin J. Siteman Cancer Center Siteman
Investment Program through funding from The Foundation for Barnes-Jewish Hospital and the
Barnard Trust.

Campian and Chheda report grants and other support from NeolmmuneTech.

Story Source:

Materials provided by Washington University School of Medicine. Original written by Julia
Evangelou Strait. Note: Content may be edited for style and length.

Journal Reference:

1. Jian L. Campian, Subhajit Ghosh, Vaishali Kapoor, Ran Yan, Sukrutha Thotala, Arijita
Jash, Tong Hu, Anita Mahadevan, Kasem Rifai, Logan Page, Byung Ha Lee, Sara
Ferrando-Martinez, Alexandra A. Wolfarth, Se Hwan Yang, Dennis Hallahan, Milan G.
Chheda, Dinesh Thotala. Long-acting recombinant human interleukin-7, NT-17,
increases cytotoxic CD8 T cells and enhances survival in mouse glioma
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< HFE X >Development of fatty liver disease under a he | EurekAlert!

NEWS RELEASE 17-JAN-2022

Development of fatty liver disease under a
healthy diet

New study identifies two genes, previously reported to be involved in cancer, as
regulators of the metabolic state of the liver. Alterations in these genes influence
the likelihood of developing fatty liver disease.

Peer-Reviewed Publication

MAX PLANCK INSTITUTE OF MOLECULAR CELL BIOLOGY AND GENETICS (MPI-CBG)
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IMAGE: LIVER HEPATOCYTE ORGANOIDS DERIVED FROM NORMAL (LEFT) OR MUTANT (RIGHT) MICE
SHOWING ACCUMULATION OF LIPIDS (IN GREEN). HIGHER LEVELS OF LIPIDS ACCUMULATE AS BIG
DROPLETS INSIDE EACH CELL (NUCLEI IN BLUE AND THE SURROUNDING CELL MEMBRANE IN
WHITE). view more

The epidemic of obesity worldwide has increased the risk of accumulating fat in the liver, a
preamble to liver inflammation and liver disease. Yet, a still intriguing paradox is the
development of fatty liver in lean and normal-weight individuals and in individuals following
a healthy diet. Scientists know that two genes, RNF43 and ZNRF3, are mutated in liver
cancer patients. However, their role in the development of liver cancer was unknown so far.
Researchers at the Max Planck Institute of Molecular Cell Biology and Genetics (MPI-CBG) in
Dresden, Germany, describe now that a loss or mutation of these genes causes an
accumulation of lipids and inflammation in the liver in non-obese mice fed a normal diet.
These genetic alterations not only increase the accumulation of fat but also the number of
liver cells (hepatocytes) in proliferation. In human patients, these alterations also increase
the risk of developing NASH and fatty liver and reduce the patient’s survival time. These
findings might facilitate the discovery of people at risk and could promote novel therapeutic
interventions and better management of the disease.

The liver is our central metabolic organ, which is vital for detoxification and digestion.
Chronic liver diseases, such as cirrhosis, non-alcoholic fatty liver disease (NAFLD) and non-
alcoholic steatohepatitis (NASH, inflamed liver), as well as liver cancer, are on the rise
worldwide, with a combined mortality of two million individuals dying each year. It is
therefore more important than ever to understand their causes and the underlying
molecular mechanisms of liver diseases in order to prevent, manage, and treat these
increasing patient population subgroups. Previous cancer genomic studies identified RNF43
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and ZNRF3, as genes mutated in colon and liver cancer patients. However, their role in liver
disease has been unexplored. The research lab of Meritxell Huch at the MPI-CBG, together
with colleagues at the Gurdon Institute (Cambridge, UK) and at the University of Cambridge,
has now investigated the mechanisms by which alterations in these two genes can affect the
emergence of liver diseases. Their study is published in the journal Nature Communications.

To pursue this goal, the researchers worked with mice as an animal model, data from
human individuals, human tissues, and liver organoid cultures, which are 3D cellular
microstructures made out of hepatocytes that resemble liver in a dish. German Belenguer,
first author of the study and postdoctoral researcher in the group of Meritxell Huch,
explains, “With the organoid, we were able to grow hepatocytes mutated only in these
genes, and we saw that the loss of these activates a signal that regulates the metabolism of
lipids. As a result, the fat metabolism is no longer under control and lipids accumulate in the
liver, which leads in turn to a fatty liver. Another result of the activated signal is that
hepatocytes multiply uncontrollably. Both mechanisms combined facilitate the progression
towards fatty liver disease and cancer.” The scientists then compared the results from the
experiments with patient data in a publicly available dataset from the International Cancer
Genome Consortium. They evaluated the prognosis of survival when the two genes are
mutated in liver cancer patients and found that patients with these mutated genes show
fatty liver disease and have a worse prognosis than liver cancer patients with the two genes
unmutated.

“Our findings can help identify individuals with a RNF43/ZNRF3 mutation and therefore at
risk of developing a fatty liver or liver cancer,” says Meritxell Huch. She continues, “With the
alarming increase in the consumption of fat and sugar worldwide, recognizing those
individuals already predisposed because of bearing those genetic mutations might be
important for the therapeutic intervention and management of the disease, especially at
very early stages or even before the disease is initiated. We will need more studies to
further characterize the roles of the two genes in human fatty liver disease, NASH, and
human liver cancer and to identify therapeutics that could help those patients that are
already intrinsically predisposed to develop the disease.”

JOURNAL

Nature Communications
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10.1038/541467-021-27923-z
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Lab-produced tissue samples
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RNF43/ZNRF3 loss predisposes to Hepatocellular-carcinoma by impairing liver regeneration and
altering liver lipid metabolic ground-state
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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
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< HE 3 >Researchers find newer variants of SARS-CoV-2 can infect mice, unlike the original version

of the virus: The results highlight the potential for the virus to replicate and mutate in
rodents, which often live in close proximity to humans -- ScienceDaily

Researchers find newer variants of SARS-
CoV-2 can infect mice, unlike the original
version of the virus

The results highlight the potential for the virus to replicate and mutate in
rodents, which often live in close proximity to humans

Date:

January 19, 2022

Source:
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Georgia State University
Summary:

A team of biology researchers has found that some of the newer variants of the virus that
causes COVID-19 can infect the respiratory tract of wild mice, unlike the original strain
that emerged from China.

FULL STORY

A team of biology researchers at Georgia State University has found that
some of the newer variants of the virus that causes COVID-19 can infect
the respiratory tract of wild mice, unlike the original strain that emerged
from China.

The study, published in the journal Viruses, found that the Alpha variant, first identified in the
United Kingdom, and the Beta variant, first found in South Africa, were able to replicate in the
lungs of wild mice, which the original version of the SARS-CoV-2 virus was not able to do without
scientists genetically modifying the mice.

This evolution of the virus means that regular laboratory mice are now a useful model for
researchers working to understand the virus, including the long-term effects suffered by many
survivors, and to test possible treatments, said Mukesh Kumar, a virologist and immunologist
who led the study.

Kumar said the results also highlight the potential for the virus to replicate and mutate in rodents,
which often live in close proximity to city dwellers.

"The virus is now able to infect animal species much easier than it used to be," Kumar said.

"So that does raise concerns about bats, rodents and other wild animals. There may be another
dangerous mutation that happens in animals and eventually jumps into humans."

Researchers and veterinarians have found strains of the virus in white-tailed deer in several
states; gorillas, big cats, hippos and other animals in zoos; mink raised on farms in Europe; and
a small number of pet cats and dogs.

Kumar noted that many animals show few or no symptoms of infection, though at least three
endangered snow leopards in the U.S. have died due to the virus. In Hong Kong, officials plan to
euthanize more than 2,000 hamsters after finding nearly a dozen in a pet shop infected with the
Delta variant, though they noted there was no evidence that the animals had infected people.

Public health experts and researchers generally agree that infected zoo animals and pets have
likely gotten the virus from people or other animals and say there is low risk of transmission from
these animals to humans.

Kumar's team found that the Beta variant was more able to infect mice than the Alpha variant
and generated a higher viral load in the lungs. The researchers are also studying whether wild
mice can be infected with the Delta and Omicron variants and expect to release results soon.

The other authors of the study are Ph.D. students Shannon Stone, Janhavi Prasad Natekar,
Pratima Kumari, Shaligram Sharma, Heather Pathak and Tabassum Tasnim Auroni, and post-
doctoral fellows Hussin Alwan Rothan and Komal Arora.
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Materials provided by Georgia State University. Note: Content may be edited for style and
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on cellular level
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Credit: CCO Public Domain

For people who hate exercising, here comes some more bad news: it may also keep
you younger. Not just looking younger, but actually younger, on an epigenetic level.
By now, the benefits of exercise have been well established, including increased
strength of bones and muscles, improved mobility and endurance, and lower risk of
heart disease, diabetes and high blood pressure.

But younger?

A study recently published in Aging Cell, "Late-life exercise mitigates skeletal muscle
epigenetic aging," suggests this could be the case. The paper was written by a team
of seven researchers across three institutions, including Kevin Murach, an assistant
professor in the Department of Health, Human Performance and Recreation at the U
of A. Murach's grant from the National Institute of Health funded the study, and he
was one of three co-first authors.

Bootcamp for mice

While the paper is dense with data, reflecting the use of several analytic tools, the
experiment that generated the data was relatively straightforward. Lab mice nearing
the end of their natural lifespan, at 22 months, were allowed access to a weighted
exercise wheel. Generally, mice require no coercion to run and will do so voluntarily.
Older mice will run anywhere from six to eight kilometers a day, mostly in spurts,
while younger mice may run up to 10-12 kilometers. The weighted wheel ensured
they built muscle. While there isn't a direct analog to most human exercise routines,
Murach likened it to "a soldier carrying a heavy backpack many miles."
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When the mice were studied after two months of progressive weighted wheel
running, it was determined that they were the epigenetic age of mice eight weeks
younger than sedentary mice of the same age—24 months. Murach noted that while
the specific strain of mice and their housing conditions can impact lifespans,
"historically, they start dropping off after 24 months at a significant rate." Needless
to say, when your lifespan is measured in months, an extra eight weeks—roughly 10
percent of that lifespan—is a noteworthy gain.

Methylation, my dear Watson

The science behind this, while complicated, hinges largely on a biological

process known as DNA methylation. A recent New York Times article discussing
Murach's work on muscle memory described methylation "as a process in which
clusters of atoms, called methyl groups, attach themselves to the outside of genes
like minuscule barnacles, making the genes more or less likely to turn on and
produce particular proteins."

As the body ages, there tends to be increased DNA methylation, or even
hypermethylation, at promoter sites on genes in muscle. "DNA methylation changes
in a lifespan tend to happen in a somewhat systematic fashion," Murach explained,
"to the point you can look at someone's DNA from a given tissue sample and with a
fair degree of accuracy predict their chronological age." Due to this, researchers can
use one of a number of "methylation clocks" to determine the age of a DNA sample.

DNA methylation, aging and exercise

While the paper strengthens the case for exercise, there is still much that needs to
be learned. Though the connection between methylation and aging is clear, the
connection between methylation and muscle function is less clear. Murach is not yet
prepared to say that the reversal of methylation with exercise is causative for
improved muscle health. "That's not what the study was set up to do," he explained.
However, he intends to pursue future studies to determine if "changes in methylation
result in altered muscle function."

"If so, what are the consequences of this?" he continued. "Do changes on these very
specific methylation sites have an actual phenotype that emerges from that? Is it
what's causing aging or is it just associated with it? Is it just something that happens
in concert with a variety of other things that are happening during the aging process?
So that's what we don't know."

Explore further

Prior training can accelerate muscle growth even after extended idleness

24


https://medicalxpress.com/tags/mice/
https://medicalxpress.com/tags/biological+process/
https://medicalxpress.com/tags/biological+process/
https://medicalxpress.com/tags/methyl/
https://medicalxpress.com/tags/paper/
https://medicalxpress.com/tags/muscle/
https://medicalxpress.com/news/2021-08-prior-muscle-growth-idleness.html

More information: Kevin A. Murach et al, Late-life exercise mitigates skeletal muscle
epigenetic aging, Aging Cell (2021). DOI: 10.1111/acel.13527

Journal information: Aging Cell

Provided by University of Arkansas
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Two blood proteins have been shown by scientists to influence how long and healthy a
life we live, research suggests.

FULL STORY

Two blood proteins have been shown by scientists to influence how long
and healthy a life we live, research suggests.

Developing drugs that target these proteins could be one way of slowing the ageing process,
according to the largest genetic study of ageing.

As we age, our bodies begin to decline after we reach adulthood, which results in age-related
diseases and death. This latest research investigates which proteins could influence the ageing
process.

Many complex and related factors determine the rate at which we age and die, and these include
genetics, lifestyle, environment and chance. The study sheds light on the part proteins play in
this process.

Some people naturally have higher or lower levels of certain proteins because of the DNA they
inherit from their parents. These protein levels can, in turn, affect a person's health.

University of Edinburgh researchers combined the results of six large genetic studies into human
ageing -- each containing genetic information on hundreds of thousands of people,

Among 857 proteins studied, researchers identified two that had significant negative effects
across various ageing measures.

People who inherited DNA that causes raised levels of these proteins were frailer, had poorer
self-rated health and were less likely to live an exceptionally long life than those who did not. .

The first protein, called apolipoprotein(a) (LPA), is made in the liver and thought to play a role in
clotting. High levels of LPA can increase the risk of atherosclerosis -- a condition in which
arteries become clogged with fatty substances. Heart disease and stroke is a possible outcome.

The second protein, vascular cell adhesion molecule 1 (VCAML1), is primarily found on the
surfaces of endothelial cells -- a single-cell layer that lines blood vessels. The protein controls
vessels' expansion and retraction -- and function in blood clotting and the immune response.

Levels of VCAML1 increase when the body sends signals to indicate it has detected an infection,
VCAML1 then allows immune cells to cross the endothelial layer, as seen for people who have
naturally low levels of these proteins.

The researchers say that drugs used to treat diseases by reducing levels of LPA and VCAM1
could have the added benefit of improving quality and length of life.

One such example is a clinical trial that is testing a drug to lower LPA as a way of reducing the
risk of heart disease.

There are currently no clinical trials involving VCAM1, but studies in mice have shown how
antibodies lowering this protein's level improved cognition during old age.

The findings have been published in the journal Nature Aging.

Dr Paul Timmers, lead researcher at the MRC Human Genetics Unit at University of Edinburgh,
said: "The identification of these two key proteins could help extend the healthy years of life.
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Drugs that lower these protein levels in our blood could allow the average person to live as
healthy and as long as individuals who have won the genetic lottery and are born with genetically
low LPA and VCAML1 levels."

Professor Jim Wilson, Chair of Human Genetics at the University of Edinburgh's Usher Institute,
said: "This study showcases the power of modern genetics to identify two potential targets for
future drugs to extend lifespan.”

Story Source:

Materials provided by University of Edinburgh. Note: Content may be edited for style and
length.
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Massachusetts Institute of Technology
Summary:

Researchers developed a way to deliver RNA in a capsule that can be swallowed, which
could make RNA vaccines easier to tolerate. It could also make it easier to deliver other
kinds of therapeutic RNA or DNA directly to the digestive tract, to help treat
gastrointestinal disorders.

FULL STORY

Like most vaccines, RNA vaccines have to be injected, which can be an
obstacle for people who fear needles. Now, a team of MIT researchers has
developed a way to deliver RNA in a capsule that can be swallowed, which
they hope could help make people more receptive to them.

In addition to making vaccines easier to tolerate, this approach could also be used to deliver
other kinds of therapeutic RNA or DNA directly to the digestive tract, which could make it easier
to treat gastrointestinal disorders such as ulcers.

"Nucleic acids, in particular RNA, can be extremely sensitive to degradation particularly in the
digestive tract. Overcoming this challenge opens up multiple approaches to therapy, including
potential vaccination through the oral route," says Giovanni Traverso, the Karl van Tassel Career
Development Assistant Professor of Mechanical Engineering at MIT and a gastroenterologist at
Brigham and Women's Hospital.

In a new study, Traverso and his colleagues showed that they could use the capsule they
developed to deliver up to 150 micrograms of RNA -- more than the amount used in mMRNA Covid
vaccines -- in the stomach of pigs.

Traverso and Robert Langer, the David H. Koch Institute Professor at MIT and a member of
MIT's Koch Institute for Integrative Cancer Research, are the senior authors of the study. Alex
Abramson PhD '19 and MIT postdocs Ameya Kirtane and Yunhua Shi are the lead authors of the
study, which appears today in the journal Matter.

Oral drug delivery

For several years, Langer's and Traverso's labs have been developing novel ways to deliver
drugs to the gastrointestinal tract. In 2019, the researchers designed a capsule that, after being
swallowed, can place solid drugs, such as insulin, into the lining of the stomach.

The pill, about the size of a blueberry, has a high, steep dome inspired by the leopard tortoise.
Just as the tortoise is able to right itself if it rolls onto its back, the capsule is able to orient itself
so that its contents can be injected into the lining of the stomach.

In 2021, the researchers showed that they could use the capsule to deliver large molecules such
as monoclonal antibodies in liquid form. Next, the researchers decided to try to use the capsule
to deliver nucleic acids, which are also large molecules.

Nucleic acids are susceptible to degradation when they enter the body, so they need to be
carried by protective particles. For this study, the MIT team used a new type of polymeric
nanopatrticle that Langer's and Traverso's labs had recently developed.
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These particles, which can deliver RNA with high efficiency, are made from a type of polymer
called poly(beta-amino esters). The MIT team's previous work showed that branched versions of
these polymers are more effective than linear polymers at protecting nucleic acids and getting
them into cells. They also showed that using two of these polymers together is more effective
than just one.

"We made a library of branched, hybrid poly(beta-amino esters), and we found that the lead
polymers within them would do better than the lead polymers within the linear library," Kirtane
says. "What that allows us to do now is to reduce the total amount of nanoparticles that we are
administering."

To test the particles, the researchers first injected them into the stomachs of mice, without using
the delivery capsule. The RNA that they delivered codes for a reporter protein that can be
detected in tissue if cells successfully take up the RNA. The researchers found the reporter
protein in the stomachs of the mice and also in the liver, suggesting that RNA had been taken up
in other organs of the body and then carried to the liver, which filters the blood.

Next, the researchers freeze-dried the RNA-nanoparticle complexes and packaged them into
their drug delivery capsules. Working with scientists at Novo Nordisk, they were able to load
about 50 micrograms of mMRNA per capsule, and delivered three capsules into the stomachs of
pigs, for a total of 150 micrograms of mRNA. This is the more than the amount of MRNA in the
Covid vaccines now in use, which have 30 to 100 micrograms of mRNA.

In the pig studies, the researchers found that the reporter protein was successfully produced by
cells of the stomach, but they did not see it elsewhere in the body. In future work, they hope to
increase RNA uptake in other organs by changing the composition of the nanoparticles or giving
larger doses. However, it may also be possible to generate a strong immune response with
delivery only to the stomach, Abramson says.

"There are many immune cells in the gastrointestinal tract, and stimulating the immune system of
the gastrointestinal tract is a known way of creating an immune response," he says.

Immune activation

The researchers now plan to investigate whether they can create a systemic immune response,
including activation of B and T cells, by delivering mRNA vaccines using their capsule. This
approach could also be used to create targeted treatments for gastrointestinal diseases, which
can be difficult to treat using traditional injection under the skin.

"When you have systemic delivery through intravenous injection or subcutaneous injection, it's
not very easy to target the stomach," Abramson says. "We see this as a potential way to treat
different diseases that are present in the gastrointestinal tract."

The research was funded by Novo Nordisk, the National Institutes of Health, the National
Science Foundation Graduate Research Fellowships Program, a PhRMA Foundation
postdoctoral fellowship, the Division of Gastroenterology at Brigham and Women's Hospital, and
MIT's Department of Mechanical Engineering.

Other authors of the paper are Grace Zhong, Joy Collins, Siddartha Tamang, Keiko Ishida,
Alison Hayward, Jacob Wainer, Netra Unni Rajesh, Xiaoya Lu, Yuan Gao, Paramesh Karandikar,
Chaoyang Tang, Aaron Lopes, Aniket Wahane, Daniel Reker, Morten Revsgaard Frederiksen,
and Brian Jensen.

Story Source:

Materials provided by Massachusetts Institute of Technology. Original written by Anne
Trafton. Note: Content may be edited for style and length.
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Image shows novel lipid nanoparticles targeting SARS-CoV-2. Credit: Sandro Satta, UCLA

A research team led by scientists at UC Riverside and UCLA has engineered novel
nanoparticles to serve as "molecular traps" to target SARS-CoV-2, the virus that
spreads COVID-19. The traps bind to SARS-CoV-2 and prevent it from attacking
macrophages—white blood cell that surround and kill microorganisms.

"These nanoparticles can help maintain white blood cells' regular function to combat
virus infection," said Changcheng Zhou, a professor of biomedical sciences in the
UCR School of Medicine, who co-led the research with Tzung K. Hsiai, a professor of
medicine and bioengineering at UCLA.

Macrophages

Zhou explained that macrophages serve as frontline immune cells in response to
SARS-CoV-2 infection by recognizing and swallowing up viruses. These cells also
produce cytokines, the production of which is an important part of the body's
immune response but can become out of control. The virus-induced cytokine
storm—the flooding by the immune system of the bloodstream with inflammatory
proteins called cytokines—that follows an infection can Kkill tissue and damage
organs. Zhou said inflamed macrophages are capable of infiltrating different tissues
to cause adverse effects associated with COVID-19, such as myocarditis or heart
inflammation.

"Our findings can potentially be used to treat COVID-19-associated diseases,
including heart disease," he said. "In addition to lung inflammation or injury,
approximately 15% of COVID-19 patients with pre-existing conditions may develop
acute cardiac arrhythmia and myocarditis, and macrophages may play an important
role in this process."
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Mechanisms underlying SARS-CoV-2-mediated macrophage dysfunctions are not
entirely known to scientists. According to Zhou, this is because many immune cells,
including macrophages, express low levels of human ACE2, or hACE2, the receptor
for SARS-CoV-2.

"Previous studies in this line of work have mainly focused on hACE2-dependent
mechanisms," he said. "Our results, on the other hand, suggest that SARS-CoV-2 can
hijack macrophages and induce inflammatory responses even without hACE2."

Molecular traps

Zhou and his team explored neutralizing SARS-CoV-2 with liposome particles—
molecules that can be used to carry drugs or other substances into tissues—as an
innovative therapeutic strategy for treating COVID-19-associated diseases. The team
used nanoparticles to engineer "Liposome-hACE2" for use as a decoy.

"The SARS-CoV-2 virus binds to hACE2 on the surface of the liposomes instead of
immune cells, preventing it from leading to macrophage-mediated inflammation,"
Zhou said. "It is also possible that Liposome-hACE2, with or without SARS-CoV-2
binding, can be internalized by macrophages, which can inhibit SARS-CoV-2 viral
particle replication. This contributes to decreased inflammatory responses."

The analyses were done on macrophages in humans and mice. In murine tissue, the
researchers found the molecular traps inhibited SARS-CoV-2 spike protein-induced
macrophage infiltration in the lung and heart, thereby suppressing lung and cardiac
inflammation. The team also found that the spike protein stimulated inflammation
by activating a signaling pathway called NF-kB.

"The nanoparticles we developed are very efficient against virus-induced
inflammation," Zhou said. "Deletion of IkB kinase (3, a key regulator for NF-kB
signaling, can abolish spike protein-induced macrophage inflammatory responses.
IkB kinase B is, therefore, essential for virus-induced macrophage inflammation. It
could be an important target to combat the SARS-CoV-2 virus."

The research was funded in part by the American Heart Association and the National
Heart, Lung, and Blood Institute.

Zhou and Hsiai were joined in the research by Sandro Satta and Susana Cavallero at

UCLA; Zhaojie Meng and Rebecca Hernandez at UCR; and Tong Zhou at the
University of Nevada, Reno. Satta and Meng contributed equally to the work.

Explore further

Macrophages play key role in lung damage during COVID-19
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More information: The research is available as a PDF at www.thno.org/ms/doc/3527/epub/
... /thno_66831w2_1.pdf

Sandro Satta et al, An engineered nano-liposome-human ACE2 decoy neutralizes
SARS-CoV-2 Spike proteininduced inflammation in both murine and human
macrophages, Theranostics (2022). DOI: 10.7150/thno.66831
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36


https://www.thno.org/ms/doc/3527/epub/66831w2/pubfile/thno_66831w2_1.pdf
https://www.thno.org/ms/doc/3527/epub/66831w2/pubfile/thno_66831w2_1.pdf
http://dx.doi.org/10.7150/thno.66831
https://medicalxpress.com/partners/university-of-california---riverside/

