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NEW STUDY OF NAKED MOLE RATS’
CANCER RESISTANCE SPARKS ROW

Cambridge team say 2013 study was flawed and rarity of tumours in
rodents still unexplained
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Naked mole rats have been described by one expert as resembling a sabre-toothed sausage.
Photograph: Antonio Zazueta Olmos/Antonio Olmos
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With a hairless, wrinkly body, a whopping pair of front teeth and tiny eyes, the naked
mole rat might seem an unusual creature to fight over, but a row has erupted among
scientists over what might be its most unusual feature: a striking resistance to
cancer.

The burrowing rodents, native to east Africa and described by one expert as
resembling a sabre-toothed sausage, have long fascinated researchers.

Not only do they have surprisingly long lifespans, with some living for more than 30
years, but they do not feel certain kinds of pain and can survive for lengthy periods
without oxygen, thanks to a system previously only found in plants.

They are also one of the only mammals known to live in highly organised,
multigenerational colonies — a type of behaviour, known as eusociality, also seen in
ants and bees.

But it is the rarity of cancer in naked mole rats that is at the heart of a new row. The
dispute has its origins in a 2013 study by a US-led team who found that, unlike in
mouse cells, when cancer-causing genes were introduced into naked mole rat cells,
the cells did not turn cancerous.

However, researchers in Cambridge say that when they sought to harness the finding,
they were shocked to find that the genetically altered naked mole rat cells not only
grew on soft agar — a substance that only supports cancerous cells — but caused
tumours when injected into mice.

“All of a sudden they were growing, in our hands, perfectly fine,” said Dr Walid
Khaled, a cancer researcher at the University of Cambridge.

Writing in the journal Nature, Khaled and colleagues describe how their results held
across 79 cell cultures grown from five types of tissue taken from 11 different naked
mole rats.

To further check the results, the team carried out a host of tests, including using
naked mole rat cells from the original US-led team.

Dr Ewan St John Smith, also from Cambridge University, said the results were “quite
a dramatic difference” from the 2013 study. He said he and his colleagues were
“paranoid” about checking their findings, but the results held. “These things can
grow,” said Khaled.

The Cambridge team say their experiments suggest the 2013 study involved a
problematic technique for selecting genetically altered cells, meaning many of the
naked mole rat cells tested on soft agar did not contain the cancer-causing genes and
hence, unsurprisingly, did not grow.

“It is like not putting [in] the major ingredient. Effectively the set-up is flawed,” said
Khaled.
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However, the US-led team have hit back, writing in Nature that the Cambridge
researchers achieved different results because they introduced additional sections of
DNA into the cells, which meant far higher levels of proteins were produced from the
cancer-causing genes, overriding the naked mole rat’s natural cancer-resistance
mechanisms.

“In nature we would not normally see such high levels of this gene expression,” said
Prof Vera Gorbunova, of the University of Rochester.

Khaled said the Cambridge team’s results held even when they used the same DNA
sections as the US-led group, and some of the latter’s latest experiments confirmed
the findings.

Gorbunova agreed that her team’s new work showed cancerous naked mole rat cells
could be produced in such circumstances, but said the effect was far smaller than for
mouse cells. She said her team used naked mole rat cell cultures from the 2013 study
in their new experiments, noting that they could have accumulated mutations over
the years, explaining why they became cancerous.

The Cambridge team say their work suggests naked mole rat cells are no more
intrinsically resistant to becoming cancerous than cells of other animals, and other
factors must be behind the rarity of tumours in the rodents..

Smith said that among the possibilities, the neighbourhood around the cells may play
an important role, as may the mole rats’ immune system.

Ultimately, he said, the new research was important for tackling cancer. “If we
understand why mole rats don’t get cancer, that opens up doors for us understanding
news ways of potentially preventing cancer occurring in humans.”
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NEWS RELEASE 5-AUG-2020

LAND USE CHANGES MAY INCREASE
DISEASE OUTBREAK RISKS

UNIVERSITY COLLEGE LONDON

Global changes in land use are disrupting the balance of wild animal communities in our
environment, and species that carry diseases known to infect humans appear to be benefiting,
finds a new UCL-led study.

The findings, published in Nature, may have implications for future spillovers of diseases

originating in animal hosts.

The research team, led by the UCL Centre for Biodiversity & Environment Research, studied
evidence from 6,801 ecological communities from six continents, and found that animals known
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to carry pathogens (disease-causing microorganisms) that can infect humans were more
common in landscapes intensively used by people.

The evidence was sourced from a dataset of 184 studies incorporating close to 7,000 species,
376 of which are known to carry human-shared pathogens.

The researchers say we may need to alter how we use land across the world to reduce the risk
of future spillovers of infectious diseases.

Lead author, PhD candidate Rory Gibb (UCL Centre for Biodiversity & Environment Research)
said: "The way humans change landscapes across the world, from natural forest to farmland for
example, has consistent impacts on many wild animal species, causing some to decline while
some others persist or increase.

"Our findings show that the animals that remain in more human-dominated environments are
those that are more likely to carry infectious diseases that can make people sick."”

Species that host zoonotic pathogens (which can jump from animals to people) constituted a
higher proportion of the animal species found in human-influenced (disturbed) environments
compared to the ecological communities in more wild habitats.

The same relationship is seen for animals that tend to carry more pathogens of any kind -
whether or not they can affect humans.

In comparison, most other wild animal species are found in lower numbers in disturbed
environments compared to natural habitats. The researchers say this suggests that similar
factors may be influencing both whether a species can tolerate humans and how likely it is to
carry potentially zoonotic diseases.

Co-lead author Dr David Redding (ZSL Institute of Zoology and UCL Centre for Biodiversity &
Environment Research) said: "Other studies have found that outbreaks of emerging zoonotic

infectious diseases appear to be increasingly common - our findings may help to explain that
pattern, by clarifying the underlying ecological change processes that are interacting to drive

infection risks."

Senior author Professor Kate Jones (UCL Centre for Biodiversity & Environment Research and
ZSL Institute of Zoology) said: "Global land use change is primarily characterised by the
conversion of natural landscapes for agriculture, particularly for food production. Our findings
underscore the need to manage agricultural landscapes to protect the health of local people
while also ensuring their food security."”
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The researchers say that while there are numerous other factors influencing emergent disease
risks, the findings point to strategies that could help mitigate the risk of further infectious disease
outbreaks comparable to COVID-19.

Professor Jones said: "As agricultural and urban lands are predicted to continue expanding in the
coming decades, we should be strengthening disease surveillance and healthcare provision in
those areas that are undergoing a lot of land disturbance, as they are increasingly likely to have
animals that could be hosting harmful pathogens."

Dr Redding added: "Our findings provide a context for thinking about how to manage land use
changes more sustainably, in ways that take into account potential risks not only to biodiversity,
but also to human health.”

HHH

The study, by researchers from UCL, ZSL, University of Oxford and Imperial College London,
used data from the Projecting Responses of Ecological Diversity in Changing Terrestrial Systems
(PREDICTS) biodiversity database. It was supported by the Natural Environment Research
Council, the Medical Research Council, Wellcome and the Royal Society.

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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MOVE OVER AKITA: INTRODUCING 'KUMA
MUTANT' MICE FOR ISLET
TRANSPLANTATION RESEARCH
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Date:

August 5, 2020
Source:

Tokyo Institute of Technology
Summary:

Scientists have used a gene editing technique to establish a novel mouse model of
permanent neonatal diabetes -- the immune-deficient Kuma mutant mice with a specific
deletion in the Insulin2 (Ins2) gene. This model is expected to be useful for studying the
mechanisms governing insulin-producing cell dysfunctions in the pancreas as well as for
evaluating human stem-cell derived or interspecies-derived insulin-producing cell
transplantation.

FULL STORY

Scientists have used a gene editing technique to establish a novel mouse
model of permanent neonatal diabetes -- the immune-deficient Kuma
mutant mice with a specific deletion in the Insulin2 (Ins2) gene. This model
Is expected to be useful for studying the mechanisms governing insulin-
producing cell dysfunctions in the pancreas as well as for evaluating human
stem-cell derived or interspecies-derived insulin-producing cell
transplantation.

Diabetes seldom occurs in hewborns -- a condition known as neonatal diabetes. But when it
does, it's mostly due to a mutation in a single gene such as the KCNJ11 or insulin (INS). This
early-onset type of diabetes differs from type-1 diabetes in that it occurs within the first six
months of life and can be either transient or permanent. Most of the mutations that underly this
disease prevent the pancreas from producing sufficient insulin, which leads to high blood glucose
levels or hyperglycemia.

To understand what causes permanent neonatal diabetes and to find a cure, scientists often use
mouse and pig models having Insulin2 (Ins2)C96Y gene mutations. These models develop
permanent early-onset diabetes resembling neonatal diabetes. However, a major limitation of
these models is that by using them, inter-species transplantation of pancreatic insulin-producing
cells (pancreatic beta cells), called islet transplantation, cannot be evaluated, due to adverse
immune system reactions characterizing such interspecies transplantation.

Now, in a paper published in Scientific Reports, scientists from Tokyo Tech describe how they
established a new mouse model of permanent neonatal diabetes, which exhibits severe insulin-
deficiency and beta-cell dysfunction in an immune deficient background. As Professor Shoen
Kume, who led the study explains, "We wanted to create a mouse model that would allow us to
evaluate the efficacy of transplanting human stem cell-derived or xenogeneic pancreatic beta
cells into these mice without having to consider immune responses"

To achieve this goal, the scientists used the CRISPR/Cas9 gene editing technique to introduce a
three base pair deletion in the Ins2 gene of a severely-immunodeficient BRJ mouse, that lacked
mature T and B lymphocytes and natural killer (NK) cells. This mutation causes a GIn (Q)
deletion (p.Q104del), hampering insulin production. The scientists named the mutation 'Kuma
mutation'.
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Upon examining the Kuma mice as they aged, the scientists discovered that both male and
female Kuma mutants developed hyperglycemia three weeks after their birth. They conjectured
that this may be due to the low stability of the mutant insulin protein. The scientists also noted
that these mice had markedly reduced beta-cell area, size, and mass, as well as a significantly
decreased number and size of insulin granules within the beta cells. This meant that the mice
could serve as a permanent neonatal diabetes model for islet transplantation.

To corroborate this, their treatment with insulin implants over four weeks successfully reversed
their hyperglycemia.

Based on these findings, Prof Kume and his team believe that "the Kuma mutant can not only be
used for molecular studies of the Insulin gene and beta cell dysfunction, but its immune-deficient
background allows it to be an attractive model for studies examining the functionality of
transplanted beta-cells generated from human- or xenogeneic-derived stem cells."

Moreover, as the Kuma mutation is well conserved across different species, the same gene-
editing approach can be applied to creating permanent neonatal diabetic models in other animal
species, making advancement in the research on this disease condition a little bit easier.

Story Source:

Materials provided by Tokyo Institute of Technology. Note: Content may be edited for style
and length.

Journal Reference:

Daisuke Sakano, Airi Inoue, Takayuki Enomoto, Mai Imasaka, Seiji Okada, Mutsumi Yokota,
Masato Koike, Kimi Araki, Shoen Kume. Insulin2Q104del (Kuma) mutant mice develop
diabetes with dominant inheritance. Scientific Reports, 2020; 10 (1) DOI: 10.1038/s41598-
020-68987-z
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OXYGEN THERAPY HARMS LUNG
MICROBIOME IN MICE

STUDY COULD HAVE IMPLICATIONS FOR TREATMENT OF
REDUCED OXYGEN LEVELS IN CRITICALLY ILL PATIENTS

Date:
August 12, 2020
Source:

Michigan Medicine - University of Michigan
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Summary:

A new mouse study hints that oxygen therapy may have unintended consequences via
an unexpected source -- the microbiome.

FULL STORY

One of the hallmarks of severe COVID-19 is shortness of breath and
significantly reduced levels of oxygen in the blood, called hypoxemia. Upon
hospitalization, these patients are administered oxygen in an attempt to
bring their levels back up to normal. However, a new study hints that this
universal therapy may have unintended consequences via an unexpected
source -- the microbiome.

"It had been assumed that the lungs were relatively clean and free of bacteria,” says Shanna
Ashley, Ph.D., a former Post-Doctorate Fellow with the Division of Pulmonary and Critical Care
Medicine at U-M Medical School. "We now know that the balance of bacteria inside the lungs
matters much like it does in the gut." Ashley worked with a team led by Robert Dickson, M.D.,
Assistant Professor of Pulmonary & Critical Care Medicine and Microbiology and Immunology,
whose lab has spent years exploring the role of the lung microbiome in health and disease. Their
work has found that oxygen disrupts this balance, contributing to lung injury.

Scientists have long known that oxygen can damage the lungs. "Oxygen is actually a potent lung
toxin," says Dickson. "If | put healthy mice in 100% oxygen, they will die in five days, and they'll
have the same kind of severe lung injury that patients with COVID-19 or other lung damage
have."

Patients in intensive care are often treated with high concentrations of oxygen for long periods of
time. Their team began to explore how therapeutic oxygen was affecting the lung microbiome.
They looked at critically ill patients who were on a ventilator for more than 24 hours and studied
bacteria detected in specimens from their lungs. They found marked differences in the bacteria
species present in samples from patients depending on whether they received low, intermediate,
or high concentrations of oxygen. Specifically, patients who received high oxygen concentrations
were much more likely to grow Staphylococcus aureus, bacteria that are very oxygen-tolerant
and a common cause of lung infections in the ICU.

"Different types of bacteria vary quite a bit from each other in how well they can handle oxygen,"
Dickson says, "So we wondered if the oxygen we give our patients might be influencing the
bacterial communities in their respiratory tract."

To better understand the relationship between oxygen and lung bacteria, the team designed a
series of experiments in mice. They first exposed healthy mice to high concentrations of oxygen
to determine the effects of oxygen on the lung bacteria of healthy mice.

"When we gave high concentrations of oxygen to healthy mice, their lung communities changed
quickly, and just like we predicted," said Ashley. "The oxygen-intolerant bacteria went down, and
the oxygen-tolerant bacteria went up." After three days of oxygen therapy, oxygen-tolerant
Staphylococcus was by far the most commonly detected bacteria in mouse lungs.

The team next designed experiments to answer a key "chicken or the egg" question: do these
altered bacterial communities contribute to lung injury? Or are bacterial communities altered
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because the lung is injured? They first addressed this by comparing the relative timing of
changes in lung bacteria as compared to the onset of lung injury.

Using mice, they were able to demonstrate that while the lung microbiome was changed by high
oxygen concentrations after only a day, lung injury wasn't detectable until after 3 days, proving
that damage to the lung followed the disruption of the microbiome, and not the other way around.
Furthermore, they showed that natural variation in lung bacteria was strongly correlated with
variation in the severity of inflammation in oxygen-exposed mice.

To further strengthen the causal link, they turned to germ-free mice, which completely lack a
microbiome. "We wanted to see whether there was a selective advantage or disadvantage to
having bacteria-free lungs when exposed to therapeutic oxygen," says Ashley. When comparing
two groups of genetically identical mice -- one with bacteria and one without -- the mice without
bacteria were protected from oxygen-induced lung injury.

"That was an extraordinary finding for us," said Dickson. "Compared to conventional mice, these
germ-free mice have the same genetics and receive the same oxygen dosing, but their lungs are
protected from injury. Nothing in our current understanding of oxygen-induced lung injury can
explain that finding."

"It really makes the case that the microbiome is somehow playing a role in lung injury," said
Ashley.

Targeting the microbiome

Critically ill patients receiving oxygen are typically administered antibiotics as well. The team
wondered: Could antibiotics alter the severity of oxygen-induced lung injury in mice? "The short
answer is yes, we can affect the severity, but it wasn't in the direction we predicted," says
Dickson. Vancomycin, an antibiotic that targets gram-positive bacteria like Staphylococcus, had
no effect on lung injury, while ceftriaxone, a gram-negative antibiotic, made things worse.

"The microbiome is not all good and not all bad," comments Dickson. "That's why it's important
for us to figure out the mechanisms here. We're currently using very non-specific interventions,
when what we need is targeted manipulation of the microbiome."

Ashley agrees. "We need to think about using the microbiome as a therapeutic target to prevent
doing further damage to patients' lungs while they are on a ventilator or receiving oxygen."

Dickson cautions against changing clinical practice prematurely based on these findings. "The
guestion of how much oxygen to give critically ill patients is a complex one, and a topic of intense
study," says Dickson. "Our findings are exciting, but | still look to randomized controlled trials to
inform my decisions about how to dose oxygen in sick patients."

James Kiley, director of the Division of Lung Diseases at the National Heart, Lung, and Blood
Institute, part of the National Institutes of Health, agrees. "This study provides important insights
into the contributions of the microbiome toward inflammation and damage in lungs exposed to
varying levels of oxygen, and supports the continued importance of understanding how the
microbiome and related factors impact lung disease and clinical outcomes."

Funding for this study was provided by the National Institutes of Health/National Heart, Lung, and
Blood Institute.

Story Source:

Materials provided by Michigan Medicine - University of Michigan. Note: Content may be
edited for style and length.
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LOSS OF A SPECIFIC ENZYME BOOSTS FAT
METABOLISM AND EXERCISE ENDURANCE
IN MICE

Date:
August 13, 2020
Source:
Harvard Medical School
Summary:
Blocking the activity of a fat-regulating enzyme in the muscles of mice leads to an

increased capacity for endurance exercise, according to the results of a new study.

FULL STORY
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Mouse on exercise wheel (stock image).

Credit: © Emilia Stasiak / stock.adobe.com

Sugars and fats are the primary fuels that power every cell, tissue and
organ. For most cells, sugar is the energy source of choice, but when
nutrients are scarce, such as during starvation or extreme exertion, cells
will switch to breaking down fats instead.

The mechanisms for how cells rewire their metabolism in response to changes in resource
availability are not yet fully understood, but new research reveals a surprising consequence
when one such mechanism is turned off: an increased capacity for endurance exercise.

In a study published in the Aug. 4 issue of Cell Metabolism, Harvard Medical School researchers
identified a critical role of the enzyme, prolyl hydroxylase 3 (PHD3), in sensing nutrient
availability and regulating the ability of muscle cells to break down fats. When nutrients are
abundant, PHD3 acts as a brake that inhibits unnecessary fat metabolism. This brake is released
when fuel is low and more energy is needed, such as during exercise.

Remarkably, blocking PHD3 production in mice leads to dramatic improvements in certain
measures of fitness, the research showed. Compared with their normal littermates, mice lacking
the PHD3 enzyme ran 40 percent longer and 50 percent farther on treadmills and had higher
VO2 max, a marker of aerobic endurance that measures the maximum oxygen uptake during
exercise.
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The findings shed light on a key mechanism for how cells metabolize fuels and offer clues toward
a better understanding of muscle function and fitness, the authors said.

"Our results suggest that PHD3 inhibition in whole body or skeletal muscle is beneficial for fithess
in terms of endurance exercise capacity, running time and running distance," said senior study
author Marcia Haigis, professor of cell biology in the Blavatnik Institute at HMS. "Understanding
this pathway and how our cells metabolize energy and fuels potentially has broad applications in
biology, ranging from cancer control to exercise physiology."

However, further studies are needed to elucidate whether this pathway can be manipulated in
humans to improve muscle function in disease settings, the authors said.

Haigis and colleagues set out to investigate the function of PHD3, an enzyme that they had
found to play a role regulating fat metabolism in certain cancers in previous studies. Their work
showed that, under normal conditions, PHD3 chemically modifies another enzyme, ACC2, which
in turn prevents fatty acids from entering mitochondria to be broken down into energy.

In the current study, the researchers' experiments revealed that PHD3 and another enzyme
called AMPK simultaneously control the activity of ACC2 to regulate fat metabolism, depending
on energy availability.

In isolated mouse cells grown in sugar-rich conditions, the team found that PHD3 chemically
modifies ACC2 to inhibit fat metabolism. Under low-sugar conditions, however, AMPK activates
and places a different, opposing chemical modification on ACC2, which represses PHD3 activity
and allows fatty acids to enter the mitochondria to be broken down for energy.

These observations were confirmed in live mice that were fasted to induce energy-deficient
conditions. In fasted mice, the PHD3-dependent chemical modification to ACC2 was significantly
reduced in skeletal and heart muscle, compared to fed mice. By contrast, the AMPK-dependent
modification to ACC2 increased.

Longer and further

Next, the researchers explored the consequences when PHD3 activity was inhibited, using
genetically modified mice that do not express PHD3. Because PHD3 is most highly expressed in
skeletal muscle cells and AMPK has previously been shown to increase energy expenditure and
exercise tolerance, the team carried out a series of endurance exercise experiments.

"The question we asked was if we knock out PHD3," Haigis said, "would that increase fat burning
capacity and energy production and have a beneficial effect in skeletal muscle, which relies on
energy for muscle function and exercise capacity?"

To investigate, the team trained young, PHD3-deficient mice to run on an inclined treadmill. They
found that these mice ran significantly longer and further before reaching the point of exhaustion,
compared to mice with normal PHD3. These PHD3-deficient mice also had higher oxygen
consumption rates, as reflected by increased VO2 and VO2 max.

After the endurance exercise, the muscles of PHD3-deficient mice had increased rates of fat
metabolism and an altered fatty acid composition and metabolic profile. The PHD3-dependent
modification to ACC2 was nearly undetectable, but the AMPK-dependent modification increased,
suggesting that changes to fat metabolism play a role in improving exercise capacity.

These observations held true in mice genetically modified to specifically prevent PHD3
production in skeletal muscle, demonstrating that PHD3 loss in muscle tissues is sufficient to
boost exercise capacity, according to the authors.

"It was exciting to see this big, dramatic effect on exercise capacity, which could be recapitulated
with a muscle-specific PHD3 knockout," Haigis said. "The effect of PHD3 loss was very robust
and reproducible."

The research team also performed a series of molecular analyses to detail the precise molecular
interactions that allow PHD3 to modify ACC2, as well as how its activity is repressed by AMPK.

26



The study results suggest a new potential approach for enhancing exercise performance by
inhibiting PHD3. While the findings are intriguing, the authors note that further studies are
needed to better understand precisely how blocking PHD3 causes a beneficial effect on exercise
capacity.

In addition, Haigis and colleagues found in previous studies that in certain cancers, such as
some forms of leukemia, mutated cells express significantly lower levels of PHD3 and consume
fats to fuel aberrant growth and proliferation. Efforts to control this pathway as a potential
strategy for treating such cancers may help inform research in other areas, such as muscle
disorders.

It remains unclear whether there are any negative effects of PHD3 loss. To know whether PHD3
can be manipulated in humans -- for performance enhancement in athletic activities or as a
treatment for certain diseases -- will require additional studies in a variety of contexts, the authors
said.

It also remains unclear if PHD3 loss triggers other changes, such as weight loss, blood sugar
and other metabolic markers, which are now being explored by the team.

"A better understanding of these processes and the mechanisms underlying PHD3 function could
someday help unlock new applications in humans, such as novel strategies for treating muscle
disorders," Haigis said.

Additional authors on the study include Haejin Yoon, Jessica Spinelli, EIma Zaganjor, Samantha
Wong, Natalie German, Elizabeth Randall, Afsah Dean, Allen Clermont, Joao Paulo, Daniel
Garcia, Hao Li, Olivia Rombold, Nathalie Agar, Laurie Goodyear, Reuben Shaw, Steven Gygi
and Johan Auwerx.

The study was supported by the National Institutes of Health (grants RO1CA213062,
P30DK036836, R25 CA-89017 and P41 EB015898), Ludwig Center at Harvard Medical School,
Glenn Foundation for Medical Research, Ecole Polytechnique Fédérale de Lausanne and the
Fondation Suisse de Recherche sur les Maladies Musculaires.
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RESEARCHERS DISCOVER THE
MICROBIOME'S ROLE IN ATTACKING
CANCEROUS TUMOURS
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Researchers with the Snyder Institute for Chronic Diseases at the Cumming School of
Medicine (CSM) have discovered which gut bacteria help our immune system battle
cancerous tumors and how they do it. The discovery may provide a new understanding of
why immunotherapy, a treatment for cancer that helps amplify the body's immune
response, works in some cases, but not others. The findings, published in Scrence, show
combining immunotherapy with specific microbial therapy boosts the ability of the immune
system to recognize and attack cancer cells in some melanoma, bladder and colorectal
cancers.

Dr. Kathy McCoy, Ph.D., is a leading expert on the body’s relationship with the
microbiome. She and her team are focused on harnessing the power of the microbiome to
improve health and treat diseases. McCoy says to harness and direct that power
scientists need to better understand the role bacteria play in regulating the immune
system.

“Recent studies have provided strong evidence that gut microbiota can positively affect
anti—tumor immunity and improve the effectiveness of immunotherapy in treating certain
cancers, yet, how the bacteria were able to do this remained elusive, “ says McCoy,
director of the International Microbiome Centre at the University of Calgary and principal
investigator on the study. “We've been able to build on that work by showing how certain
bacteria enhance the ability of T—cells, the body’s immunity soldiers that attack and

destroy cancerous cells.”

First, the researchers identified bacterial species that were associated with
colorectal cancer tumors when treated with immunotherapy. Working with germ—free mice,
they then introduced these specific bacteria along with immune checkpoint blockade, a
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type of cancer immunotherapy. Research revealed that specific bacteria were essential to
the immunotherapy working. The tumors shrank, drastically. For those subjects that did
not receive the beneficial bacteria, the immunotherapy had no effect.

“We found that these bacteria produce a small molecule, called inosine,” says Dr. Lukas
Mager, MD, Ph.D., senior postdoctoral researcher in the McCoy lab and first author on the
study. “Inosine interacts directly with T—cells and together with immunotherapy, it
improves the effectiveness of that treatment, in some cases destroying all the colorectal
cancer cells.”

The researchers then validated the findings in both bladder cancer and melanoma. The
next step in this work will be to study the finding in humans. The three beneficial bacteria
associated with the tumors in mice have also been found in cancers in humans.

“Identifying how microbes improve immunotherapy is crucial to designing therapies with
anti—cancer properties, which may include microbials,” says McCoy. “The microbiome is
an amazing collection of billions of bacteria that live within and around us everyday. We
are in the early stage of fully understanding how we can use this new knowledge to
improve efficacy and safety of anti—cancer therapy and improve cancer patient survival
and well-being.”

Explore further

Could cancer immunotherapy success depend on qut bacteria?

More information: "Microbiome-derived inosine modulates response to checkpoint inhibitor
immunotherapy" Science (2020). science.sciencemag.org/lookup/ ... 1126/science.abc3421

Journal information: Science

Provided by University of Calgary
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NEWS RELEASE 18-AUG-2020

RESEARCH STORY TIP: DOWN SYNDROME
MICE OPEN DOOR TO BETTER
UNDERSTANDING OF THE DISORDER

JOHNS HOPKINS MEDICINE
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IMAGE: PHOTOGRAPH OF A KARYOTYPE - THE COLLECTION OF CHROMOSOMES WITHIN EACH CELL
OF AN ORGANISM - FROM A MALE MOUSE ENGINEERED BY JOHNS HOPKINS MEDICINE
RESEARCHERS TO MODEL DOWN SYNDROME... view more

Scientists across the globe often use mouse models in the study of human conditions to advance
the pursuit of medicines and treatments. Now, Johns Hopkins Medicine researchers and their
collaborators have created and characterized a new mouse replica of Down syndrome, long
considered one of the most challenging disorders to simulate in laboratory animals.

A report of their research appeared June 29, 2020, in the journal eLife Sciences.

The new model may help researchers better understand how people with Down syndrome learn
and develop, and eventually, lead to new therapies for potentially deadly complications of the
condition, such as heart disease and thyroid problems.

Down syndrome, caused by trisomy 21, occurs when a person is born with an extra partial or
entire copy of the 21st chromosome. Typically associated with distinct facial features and
developmental delays, people with Down syndrome also experience difficulties with learning and
memory, as well as higher rates of thyroid disease, blood and immune disorders and heart
disease. Treating these conditions in people with Down syndrome is complicated by their
genetics.

"There are more than 500 genes on chromosome 21 that can be overexpressed,” says Roger
Reeves, Ph.D., professor of physiology at the Johns Hopkins University School of Medicine. "So,

in comparison to many other genetic conditions, Down syndrome is vastly more complex."
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Further complicating the development of successful treatments is the lack of an accurate animal
model to study the biology of Down syndrome and test potential therapies for conditions
associated with it.

Reeves and his team endeavored to improve research efforts by creating a more precise replica
of the condition in mice. They did this by inserting a human copy of chromosome 21 into mice
using the rodent's own cellular structures that organize DNA. This enables the mouse cells to
reliably copy and sort the extra human chromosome into new cells as they divide. It also lets the
mice pass the additional genetic material on to their offspring.

This means that these mice, named TcMAC21 by the researchers, can be used relatively easily
and at low cost in long-term experiments.

The resulting TcMAC21 mice have many characteristics indicative of Down syndrome in humans,
including a distinct facial structure, a greater prevalence for congenital heart defects, a smaller-
than-usual cerebellum and learning difficulties.

The researchers caution that no single animal model can perfectly replicate a human condition.
However, they believe that the TcMAC21 mouse model developed in this study is a good starting
point to create new and better strategies for helping people with Down syndrome.

"Our goal is to improve the health of people with Down syndrome to give them the best chance at
achieving their full potential," says Reeves.

HHHH#
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GENOMIC ANALYSIS REVEALS MANY
ANIMAL SPECIES MAY BE VULNERABLE TO
SARS-COV-2 INFECTION
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University of California - Davis
Summary:

Analysis of ACE2, the main receptor that SARS-CoV-2 uses to bind and enter cells,
across 410 vertebrate species reveals that many are potentially susceptible to infection
by the novel coronavirus. They include a number of endangered and threatened species,
notably apes and old world primates. The study could also reveal potential intermediate
hosts and animal models for the virus.

FULL STORY

Sumatran orangutan (stock image).

Credit: © Anton Petrus / stock.adobe.com

Humans are not the only species facing a potential threat from SARS-CoV-
2, the novel coronavirus that causes COVID-19, according to a new study
from the University of California, Davis.

An international team of scientists used genomic analysis to compare the main cellular receptor
for the virus in humans -- angiotensin converting enzyme-2, or ACE2 -- in 410 different species of
vertebrates, including birds, fish, amphibians, reptiles and mammals.
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ACEZ2 is normally found on many different types of cells and tissues, including epithelial cells in
the nose, mouth and lungs. In humans, 25 amino acids of the ACE2 protein are important for the
virus to bind and gain entry into cells.

The researchers used these 25 amino acid sequences of the ACE2 protein, and modeling of its
predicted protein structure together with the SARS-CoV-2 spike protein, to evaluate how many of
these amino acids are found in the ACE2 protein of the different species.

"Animals with all 25 amino acid residues matching the human protein are predicted to be at the
highest risk for contracting SARS-CoV-2 via ACE2," said Joana Damas, first author for the paper
and a postdoctoral research associate at UC Davis. "The risk is predicted to decrease the more
the species' ACE2 binding residues differ from humans."

About 40 percent of the species potentially susceptible to SARS-CoV-2 are classified as
"threatened" by the International Union for Conservation of Nature and may be especially
vulnerable to human-to-animal transmission. The study was published Aug. 21 in

the Proceedings of the National Academy of Sciences.

"The data provide an important starting point for identifying vulnerable and threatened animal
populations at risk of SARS-CoV-2 infection," said Harris Lewin, lead author for the study and a
distinguished professor of evolution and ecology at UC Davis. "We hope it inspires practices that
protect both animal and human health during the pandemic."

Endangered species predicted to be at risk

Several critically endangered primate species, such as the Western lowland gorilla, Sumatran
orangutan and Northern white-cheeked gibbon, are predicted to be at very high risk of infection
by SARS-CoV-2 via their ACE2 receptor.

Other animals flagged as high risk include marine mammals such as gray whales and bottlenose
dolphins, as well as Chinese hamsters.

Domestic animals such as cats, cattle and sheep were found to have a medium risk, and dogs,
horses and pigs were found to have low risk for ACE2 binding. How this relates to infection and
disease risk needs to be determined by future studies, but for those species that have known
infectivity data, the correlation is high.

In documented cases of SARS-COV-2 infection in mink, cats, dogs, hamsters, lions and tigers,
the virus may be using ACE2 receptors or they may use receptors other than ACE2 to gain
access to host cells. Lower propensity for binding could translate to lower propensity for infection,
or lower ability for the infection to spread in an animal or between animals once established.

Because of the potential for animals to contract the novel coronavirus from humans, and vice
versa, institutions including the National Zoo and the San Diego Zoo, which both contributed
genomic material to the study, have strengthened programs to protect both animals and humans.

"Zoonotic diseases and how to prevent human to animal transmission is not a new challenge to
zoos and animal care professionals," said co-author Klaus-Peter Koepfli, senior research
scientist at Smithsonian-Mason School of Conservation and former conservation biologist with
the Smithsonian Conservation Biology Institute's Center for Species Survival and Center for
Conservation Genomics. "This new information allows us to focus our efforts and plan
accordingly to keep animals and humans safe.”

The authors urge caution against overinterpreting the predicted animal risks based on the
computational results, noting the actual risks can only be confirmed with additional experimental
data. The list of animals can be found here.

Research has shown that the immediate ancestor of SARS-CoV-2 likely originated in a species
of bat. Bats were found to be at very low risk of contracting the novel coronavirus via their ACE2
receptor, which is consistent with actual experimental data.

Whether bats directly transmitted the novel coronavirus directly to humans, or whether it went
through an intermediate host, is not yet known, but the study supports the idea that one or more
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intermediate hosts was involved. The data allow researchers to zero in on which species might
have served as an intermediate host in the wild, assisting efforts to control a future outbreak of
SARS-CoV-2 infection in human and animal populations.

Additional authors on the study include: Marco Corbo, UC Davis Genome Center; Graham M.
Hughes and Emma C. Teeling, University College Dublin, Ireland; Kathleen C. Keough and
Katherine S. Pollard, UC San Francisco; Corrie A. Painter, Nicole S. Persky, Diane P. Genereux,
Ross Swofford, Kerstin Lindblad-Toh and Elinor K. Karlsson, Broad Institute of MIT and Harvard,
Cambridge, Massachussetts; Michael Hiller, Max Planck Institute of Molecular Cell Biology and
Genetics, Dresden, Germany; Andreas R. Pfenning, Carnegie Mellon University, Pittsburgh;
Huabin Zhao, Wuhan University, Wuhan, China; Oliver A. Ryder, San Diego Zoo Institute for
Conservation Research, Escondido, and UC San Diego; Martin T. Nweeia, Harvard School of
Dental Medicine, Boston, and Smithsonian Institution, Washington D.C.

The research in this study was coordinated as part of the Genome 10K Organization, which
includes the BatlK, Zoonomia, the Vertebrate Genomes Project and the Earth BioGenome
Project. Genomic information for the study was also provided the National Center for
Biotechnology Information's GenBank, the San Diego Zoo's Frozen Zoo and the Smithsonian's
Global Genome Initiative. This work was supported by the Robert and Rosabel Osborne
Endowment.
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