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Summary:

A research team has, for the first time, identified specific regions of chromosome 21,
which cause memory and decision-making problems in mice with Down syndrome, a
finding that provides valuable new insight into the condition in humans.

FULL STORY

A UCL-led research team has, for the first time, identified specific regions of
chromosome 21, which cause memory and decision-making problems in mice with
Down syndrome, a finding that provides valuable new insight into the condition in
humans.

Most people have 46 chromosomes in each cell, divided into 23 pairs: people with Down
syndrome (DS) have an extra copy of chromosome 21, which carries over 200 genes.

In this study, published in Cell Reports, researchers at UCL, supported by Cardiff University and
the Francis Crick Institute, used mouse models to try and find out how having these extra genes
causes learning disability.

Chromosome 21 and its genes are also found in mice, although the genes have dispersed onto
three smaller regions on three different mouse chromosomes. These are mouse chromosomes
16, 10 and 17 containing 148 genes, 62 genes and 19 genes respectively.

The researchers looked at the effect of the genes in each of these three different mouse regions
(chromosomes) on learning and memory. To do this three different mouse strains (groups of
mice), were genetically modified to carry an extra copy of one of the gene groups on mouse
chromosomes 16, 10 or 17.

During navigation tests, where mice needed to negotiate a simple 'left-right' T-maze, each group
was measured for both memory and decision-making ability.

During these tests, the electrical activity of brain regions important for memory and decision
making was also monitored, using an electroencephalogram (EEG).

The researchers found that one of the mouse strains (‘Dp10Yey' mice) had worse memory, and
had irregular brain circuity (signals) in a part of the brain called hippocampus -- which is known to
be very important for memory.

They also found another strain ('Dp1Tyb' mice) had worse decision-making ability and had poor
brain signalling between the hippocampus and the pre-frontal cortex -- needed for planning and
decision-making. And the third strain (‘Dpl17Yey' mice) had no unusual electrical activity in the
brain.



Co-author, Professor Matthew Walker (UCL Queen Square Institute of Neurology), said: "These
findings are a complete surprise -- we did not expect the three different gene groups would act
completely differently.

"Scientists have traditionally worked on the hypothesis that a single gene, or single genes, was
the likely cause of intellectual disabilities associated with Down syndrome.

"We have shown -- for the first time -- that different and multiple genes are contributing to the
various cognitive problems associated with Down syndrome."

Researchers will now look to discover specifically which gene or genes, within the smaller gene
groups, are responsible for impaired memory and decision-making.

Corresponding author Professor Elizabeth Fisher (UCL Queen Square Institute of Neurology)
said: "Our study provides critical insights into the mechanisms underlying neuro-disability in
Down syndrome and indicates that intellectual disability in Down syndrome may result from
different underlying genetic, functional and regional brain abnormalities.

"This implies that therapies for people with Down syndrome should perhaps target multiple
processes, and we have made the initial steps in identifying what some of these processes are."

Note: Mouse strains DplTyb, Dp10Yey and Dpl7Yey were genetically modified to carry an extra
copy of one of the gene groups on mouse chromosomes 16, 10 and 17 respectively.

Story Source:

Materials provided by University College London. Note: Content may be edited for style and
length.
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NEWS RELEASE 5-FEB-2020

Targeting gene linked to Alzheimer’s may reduce dementia risk in Parkinson’s

WASHINGTON UNIVERSITY SCHOOL OF MEDICINE
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IMAGE: Clumps of the Parkinson's protein alpha-synuclein (red) are visible inside neurons (green) in the brain of a

mouse. Researchers at Washington University School of Medicine in St. Louis have discovered... view more

Dementia is one of the most debilitating consequences of Parkinson's disease, a progressive
neurological condition characterized by tremors, stiffness, slow movement and impaired balance.
Eighty percent of people with Parkinson's develop dementia within 20 years of the diagnosis, and

patients who carry a particular variant of the gene APOE are at especially high risk.

In new research, scientists at Washington University School of Medicine in St. Louis have found a
clue to the link between Parkinson's, APOE and dementia. They discovered that harmful Parkinson's
proteins spread more rapidly through the brains of mice that have the high-risk variant of APOE, and
that memory and thinking skills deteriorate faster in people with Parkinson's who carry the variant.
The findings, published Feb. 5 in Science Translational Medicine, could lead to therapies targeting

APOE to slow or prevent cognitive decline in people with Parkinson's.

"Dementia takes a huge toll on people with Parkinson's and their caregivers," said Albert (Gus)
Davis, MD, PhD, an assistant professor of neurology and the study's lead author. "The development
of dementia is often what determines whether someone with Parkinson's is able to remain in their

home or has to go into a nursing home."
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An estimated 930,000 people in the U.S. live with Parkinson's. The disease is thought to be caused by
toxic clumps of a protein called alpha-synuclein that build up in a part of the brain devoted to

movement. The clumps damage and can kill brain cells.

Cognitive problems tend to arise many years after the motor symptoms. The protein clusters
implicated in movement problems also are linked with dementia, but how this happens is not clear.
Davis and his colleagues - including senior author David Holtzman, MD, the Andrew B. and Gretchen

P. Jones Professor and head of the Department of Neurology- saw a clue in the risky nature of APOE.

A variant of APOE known as APOE4 raises the risk of Alzheimer's disease threefold to fivefold. Like
Parkinson's, Alzheimer's is a neurodegenerative condition caused by the spread of toxic protein
clusters throughout the brain, although some of the proteins involved are different. APOE4 increases
the chance of Alzheimer's dementia partly because it spurs Alzheimer's proteins to collect into
clumps that injure the brain. The researchers suspected that APOE4 similarly triggers the growth of

toxic clusters of Parkinson's proteins.

Studying mice with a form of alpha-synuclein prone to clumping, Davis, Holtzman and colleagues
genetically modified the mice to carry human variants of APOE - APOE2, APOE3 or APOE4 - or no
APOE atall.

The researchers found that APOE4 mice had more alpha-synuclein clusters than APOE3 or APOE2
mice. Further experiments showed that the clumps spread more widely in APOE4 mice as well.
Together, the findings showed that APOE4 was directly involved in exacerbating signs of disease in

the mice's brains.

"What really stood out is how much less affected the APOE2 mice were than the others," Davis said.
"It actually may have a protective effect, and we are investigating this now. If we do find that APOE2
is protective, we might be able to use that information to design therapies to reduce the risk of

dementia."

To study the effect of APOE variants on dementia in people with Parkinson's, the researchers
analyzed publicly available data from three separate sets of people with Parkinson's. Two of the
cohorts - one from the Parkinson's Progression Markers Initiative, with 251 patients, and the other
from the Washington University Movement Disorders Center, with 170 patients - had been followed
for several years. In both cohorts, cognitive skills declined faster in people with APOE4 than in those
with APOE3. People with two copies of APOE2 are very rare, but none of the three patients in the
group with two copies of APOE2 showed any cognitive decline over the period of the study.

The third cohort, from the NeuroGenetics Research Consortium, was made up of 1,030 people with
Parkinson's whose cognitive skills had been evaluated just once. The researchers found that people
with APOE4 in the cohort had developed cognitive problems at a younger age and had more severe

cognitive deficits at the time they were evaluated than people with APOE3 or APOE2.
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"Parkinson's is the most common, but there are other, rarer diseases that also are caused by alpha-
synuclein aggregation and also have very limited treatment options," Davis said. "Targeting APOE

with therapeutics might be a way to change the course of such diseases."

APOE doesn't affect the overall risk of developing Parkinson's or how quickly movement symptoms
worsen, so an APOE-targeted therapy might stave off dementia without doing anything for the other

symptoms. Even so, it could be beneficial, Davis said.

"Once people with Parkinson's develop dementia, the financial and emotional costs to them and their
families are just enormous,” Davis said. "If we can reduce their risk of dementia, we could

dramatically improve their quality of life."
HH#

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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Summary:

Scientists have identified a molecular 'switch' that controls the immune machinery
responsible for chronic inflammation in the body. The finding could lead to new ways to halt
or even reverse many age-related conditions, from from Alzheimer's and Parkinson's to
diabetes and cancer.

Share:

FULL STORY

Hourglass, aging concept (stock image).

Credit: © photosaint / Adobe Stock

Chronic inflammation, which results when old age, stress or environmental
toxins keep the body's immune system in overdrive, can contribute to a
variety of devastating diseases, from Alzheimer's and Parkinson's to diabetes
and cancer.

Now, scientists at the University of California, Berkeley, have identified a molecular "switch" that
controls the immune machinery responsible for chronic inflammation in the body. The finding,
which appears online Feb. 6 in the journal Cell Metabolism, could lead to new ways to halt or even
reverse many of these age-related conditions.
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"My lab is very interested in understanding the reversibility of aging," said senior author Danica
Chen, associate professor of metabolic biology, nutritional sciences and toxicology at UC Berkeley.
"In the past, we showed that aged stem cells can be rejuvenated. Now, we are asking: to what extent
can aging be reversed? And we are doing that by looking at physiological conditions, like
inflammation and insulin resistance, that have been associated with aging-related degeneration and
diseases."

In the study, Chen and her team show that a bulky collection of immune proteins called the NLRP3
inflammasome -- responsible for sensing potential threats to the body and launching an
inflammation response -- can be essentially switched off by removing a small bit of molecular matter
in a process called deacetylation.

Overactivation of the NLRP3 inflammasome has been linked to a variety of chronic conditions,
including multiple sclerosis, cancer, diabetes and dementia. Chen's results suggest that drugs
targeted toward deacetylating, or switching off, this NLRP3 inflammasome might help prevent or
treat these conditions and possibly age-related degeneration in general.

"This acetylation can serve as a switch," Chen said. "So, when it is acetylated, this inflammasome is
on. When it is deacetylated, the inflammasome is off."

By studying mice and immune cells called macrophages, the team found that a protein called SIRT2
is responsible for deacetylating the NLRP3 inflammasome. Mice that were bred with a genetic
mutation that prevented them from producing SIRT2 showed more signs of inflammation at the ripe
old age of two than their normal counterparts. These mice also exhibited higher insulin resistance, a
condition associated with type 2 diabetes and metabolic syndrome.

The team also studied older mice whose immune systems had been destroyed with radiation and
then reconstituted with blood stem cells that produced either the deacetylated or the acetylated
version of the NLRP3 inflammasome. Those who were given the deacetylated, or "off," version of the
inflammasome had improved insulin resistance after six weeks, indicating that switching off this
immune machinery might actually reverse the course of metabolic disease.

"[ think this finding has very important implications in treating major human chronic diseases," Chen
said. "It's also a timely question to ask, because in the past year, many promising Alzheimer's disease
trials ended in failure. One possible explanation is that treatment starts too late, and it has gone to
the point of no return. So, I think it's more urgent than ever to understand the reversibility of aging-
related conditions and use that knowledge to aid a drug development for aging-related diseases."

Co-authors of the study include Ming He, Hou-Hsien Chiang and Hanzhi Luo, previously at UC
Berkeley where the research was carried out; Zhifang Zheng, Mingdian Tan, Rika Ohkubo and Wei-
Chieh Mu at UC Berkeley; Qi Qiao, Li Wang and Hao Wu at Harvard Medical School; and Shimin Zhao
at Fudan University.

This research was supported in part by the National Institutes of Health under grants
R01DK117481, R01DK101885, R0O1AG063404, RO1AG 063389, DP1HD087988 and R01A1124491;
the National Institute of Food and Agriculture; the France-Berkeley Fund, a Glenn/AFAR
Scholarship; the Dr. and Mrs. James C.Y. Soong Fellowship; the Government Scholarship for Study
Abroad (GSSA) from Taiwan; the ITO Foundation Scholarship and the Honjo International
Scholarship.

Story Source:

Materials provided by University of California - Berkeley. Original written by Kara Manke. Note:
Content may be edited for style and length.

17


https://news.berkeley.edu/2020/02/06/molecular-switch-reverses-chronic-inflammation-and-aging/
http://www.berkeley.edu/

Journal Reference:

Ming He, Hou-Hsien Chiang, Hanzhi Luo, Zhifang Zheng, Qi Qiao, Li Wang, Mingdian Tan, Rika
Ohkubo, Wei-Chieh Mu, Shimin Zhao, Hao Wu, Danica Chen. An Acetylation Switch of the NLRP3
Inflammasome Regulates Aging-Associated Chronic Inflammation and Insulin Resistance. Cell
Metabolism, 2020; DOI: 10.1016/j.cmet.2020.01.009

Cite This Page:
o MLA
o APA
e | Chicago

University of California - Berkeley. "Molecular 'switch' reverses chronic inflammation and aging."
ScienceDaily. ScienceDaily, 6 February 2020.
<www.sciencedaily.com/releases/2020/02/200206144837.htm>.

18


http://dx.doi.org/10.1016/j.cmet.2020.01.009
https://www.sciencedaily.com/releases/2020/02/200206144837.htm#citation_mla
https://www.sciencedaily.com/releases/2020/02/200206144837.htm#citation_apa
https://www.sciencedaily.com/releases/2020/02/200206144837.htm#citation_chicago

4. AIXDMEABERRNENDNE AR ERRICENLAIREMS

Hft:2020£ 2 B 10 8
Y—=R: ¥V MERT
B=:

MOFOEMENSIVRICBIESN-BEEDESICESIFT. ERETILEFEALLE:
BHEX. RREFDBBEEICODNTESICER-DIZERICEI>TE, =L, —
HBOEIZOWTIE. ChoDETIVIEEFOESICET I+ MRARERHBTETLE
W RE—MBHULEERKES THIVFAMHARBEILZOEELGH THY. RIFLE
MEBRELEZEOFRLARMHELTLS,

A=A VR T IE ERERICKSWVERICHBRBEXBRICRIET 5. TL T, ELE
. EBICAERNRHETHS, LOLBERKIC.EFDEESICENIFZELUTLANIEARBEAT
Hot=,

ZFITIAX DEPRERESIE. AIXDOEENELDEBICEULTOEINEINEZRRST=
H. 83 EDAXMLREZEBBYTILEAFL. BENLEL FREZTV. COKESE
SIERITHEME. BLUMEREL,
BEDZEMI.EFNOERBLIUERMREDRELIIZLELGLIN AT AMIZTES
THBENICEDNLGETLTHY  BFICHBRBEREDFTRERNET H-HDENEEE
ICTHLTCERLGEREEZSIENTES, LELTWVS,

MEEE-1—R/ MDYy TIR—JIZRS

<FEIX >https://medical xpress. com/news/2020-02-f i do—brain-cancer. html

19


http://www.jax.org/

JAX cancer researcher Roel Verhaak with his pet chihuahua Lola. Credit: The Jackson Laboratory

Cancer research using experimental models—everything from cancer cells in a dish to
patient tumors transplanted in mice—has been extremely useful for learning more
about the disease and how we might treat it. For some cancers, however, these models
have failed to provide sufficient insight for medical progress. Diffuse glioma, the most
common malignant brain tumor, is a prominent example, and it continues to have near-
universal rates of recurrence and poor patient prognoses.

A significant problem with the experimental systems is that while they may model the
cancer cells quite well, they don't fully capture their environment within the body,
including nearby healthy tissues, immune cells and signaling, and more. So how can
researchers learn how to better treat cancers within the context of a patient's body
instead of isolated from it? In a paper published in Cancer Cell, "Comparative molecular
life history of spontaneous canine and human gliomas," a team led by Jackson
Laboratory (JAX) Professor Roel Verhaak, Ph.D., presents a possible answer: working to
cure our beloved pet dogs.

Molecular similarity:

Companion dogs spontaneously develop gliomas about as often as humans do. They
arise in adult dogs, but at the age of human children in calendar years. And, as in
humans, they're sadly very difficult to treat. Caring for pet dogs with glioma can be quite
challenging for their owners. Therein lies an opportunity: they may benefit from
experimental approaches, which at the same time may provide clues on how to better
treat glioma in humans. But it's not known how well they resemble human tumors. To
investigate how similar canine tumors are to human tumors—or not—Verhaak and his
team obtained posthumous tumor samples from 83 dogs for thorough molecular
examination. By comparing the results in detail to those from human glioma patients,
both from children and adults, they identified the commonalities driving the disease.
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The molecular "life history" obtained provides a better understanding of glioma across
both species.

What they found was that there are indeed important similarities between gliomas
across dogs, children and adults. Shared molecular traits included mutations in
particular genes and pathways such as the DNA repair system known to be altered in
human glioma. These findings extended to changes in the number of chromosomes,
known as aneuploidy. A remarkable outcome of the comparison was the observation
that canine glioma resembled pediatric glioma much more than glioma in adult patients.

The team also assessed how well canine gliomas model human immune response and
the immune microenvironment. They found that the immunological features of dogs
with spontaneously arising gliomas closely resemble those in human patients. The
advent of immunotherapies in human medicine has seen encouraging successes but also
low patient response rates. Using them for canine gliomas may provide an effective
venue to assess efficacy and to improve response in both dogs and people.

Convergent evolution:

Overall, the convergence of glioma traits across species indicates the tumors are
adapting to similar selective pressures exerted by their environments in both human
and dog brains. An interesting note is that the average age of the canine cohort was
about nine years. Their glioma samples had a lower number of mutations than human
adult gliomas but resembled pediatric gliomas, whose patients have also aged relatively
few calendar years, in the rates of genetic changes found. This aspect of canine gliomas
can be important for studying the functional role of such variation and how it can be
targeted for therapy.

The paper's findings provide important insight into canine gliomas and indicate that the
results are likely relevant to human gliomas and potential therapies, particularly in
children. While the veterinarian's office is somewhat different from both human
medical and basic research settings, dogs represent a potentially effective model for
humans. Striving to cure them, and learning what works best—and, importantly, why it
works—can inform our own therapy regimens, providing an important opportunity to
improve prognoses for glioma patients.

Explore further

Study uncovers unexpected connection between gliomas, neurodegenerative diseases

More information: Samirkumar B. Amin et al, Comparative Molecular Life History of
Spontaneous Canine and Human Gliomas, Cancer Cell (2020). DOI: 10.1016/j.ccell.2020.01.004

Journal information: Cancer Cell

Provided by Jackson Laboratory
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Professor John Marshall, Queen Mary University of London. Credit: Cancer Research UK

The foot-and-mouth-disease virus is helping scientists to tackle a common cancer with
the worst survival rate—pancreatic cancer.

Researchers at Queen Mary University of London have identified a peptide, or protein
fragment, taken from the foot-and-mouth-disease virus that targets another protein,
called AvB6 (alpha-v-beta-6). This protein is found at high levels on the surface of the
majority of pancreatic cancer cells.

Working jointly with Spirogen (now part of AstraZeneca) and ADC Therapeutics, the
team have used the peptide to carry a highly potent drug, called tesirine, to the
pancreatic cancer cells. When mice with pancreatic cancer tumours were treated with
the drug and peptide combination, the tumours were completely killed.

The study, published in Theranostics, was funded by the UK medical research charity
Pancreatic Cancer Research Fund.

Lead researcher Professor John Marshall, from the Cancer Research UK Barts Centre,
explains: "Foot-and-mouth-disease virus uses AvB6 as a route to infect cattle, as the
virus binds to this protein on a cow's tongue. By testing pieces of the protein in the virus
that attaches to AvB6, we've developed a route to deliver a drug specifically to
pancreatic cancers. Our previous research had shown that 84 per cent of pancreatic
cancer patients have high levels of AvB6 on their cancers."

The team performed tests of the peptide/tesirine combination in both cells in the
laboratory and in mice. They used genetically identical human cancer cells, some that
had AvB6 on their surface and some that had no AvB6. Both types of cells were exposed
to the peptide and drug combination. The cells with AvB6 were most affected, while the
AvB6 negative cells needed much higher doses of the drug for the cells to be killed.

24


https://medicalxpress.com/tags/protein+fragment/
https://medicalxpress.com/tags/protein+fragment/
https://medicalxpress.com/tags/pancreatic+cancer/
https://medicalxpress.com/tags/cells/

The tests in mice gave the most impressive results. Mice that had AvB6-positive
tumours were given a tiny dose of the peptide-drug combination three times a week,
and this stopped the tumours growing completely. But when the dose was increased
and given just twice a week, all tumours in mice that were AvB6 positive were
completely killed.

"These very exciting results, that are the result of many years of laboratory testing, offer
a completely new way of treating pancreatic cancer." says Professor Marshall. "One
advantage of targeting AvB6 is that it is very specific to the cancer, because most normal
human tissues have little or none of this protein. So we're hopeful that, if we can
develop this into an effective treatment for pancreatic cancer, it would have limited side
effects.”

The team now plan to further test the peptide and drug combination in more complex
mice models, to determine if it can also impact on pancreatic cancer metastases, before
moving to clinical trials.

Dr. Emily Farthing, senior research information manager at Cancer Research UK said:
"Although we have made great progress in treating many types of cancer, survival
remains stubbornly low for people with pancreatic cancer and there is an urgent need
for more effective treatments. This early-stage research has developed a promising new
drug that reduces the growth of pancreatic tumours in the lab. And with further
research to see if it's safe and effective for patients, we hope that this could one day
offer new hope for people with this disease."

Explore further

Researchers modify common flu virus to attack pancreatic cancer

More information: Theranostics, DOI: 10.7150/thno.38702

Provided by Pancreatic Cancer Research Fund
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Researchers have lifted fertility rates in older female mice with small doses of a metabolic
compound that reverses the aging process in eggs, offering hope for some women struggling
to conceive.

FULL STORY

Lab mouse (stock image).

Credit: © filin174 / Adobe Stock

Researchers have lifted fertility rates in older female mice with small doses of
a metabolic compound that reverses the aging process in eggs, offering hope
for some women struggling to conceive.

The University of Queensland study found a non-invasive treatment could maintain or restore the
quality and number of eggs and alleviate the biggest barrier to pregnancy for older women.

A team led by UQ's Professor Hayden Homer found the loss of egg quality through aging was due to
lower levels of a particular molecule in cells critical for generating energy.

"Quality eggs are essential for pregnancy success because they provide virtually all the building
blocks required by an embryo," Professor Homer said.

"We investigated whether the reproductive aging process could be reversed by an oral dose of a
'precursor' compound -- used by cells to create the molecule.”

The molecule in question is known as NAD (nicotinamide adenine dinucleotide) and the 'precursor’
as NMN (nicotinamide mononucleotide).

Professor Homer said fertility in mice starts to decline from around one year of age due to defects in
egg quality similar to changes observed in human eggs from older women.
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"We treated the mice with low doses of NMN in their drinking water over four weeks, and we were
able to dramatically restore egg quality and increase live births during a breeding trial," Professor
Homer said.

Professor Homer said poor egg quality had become the single biggest challenge facing human
fertility in developed countries.

"This is an increasing issue as more women are embarking on pregnancy later in life, and one in four
Australian women who undergo IVF treatment are aged 40 or older," he said.

"IVF cannot improve egg quality, so the only alternative for older women at present is to use eggs
donated by younger women.

"Our findings suggest there is an opportunity to restore egg quality and in turn female reproductive
function using oral administration of NAD-boosting agents -- which would be far less invasive than
[VF. It is important to stress, however, that although promising, the potential benefits of these agents
remains to be tested in clinical trials."

This study was conducted in collaboration with UNSW and published in the journal Cell Reports.

Story Source:

Materials provided by University of Queensland. Note: Content may be edited for style and length.
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NEWS RELEASE 14-FEB-2020

PARKINSON'S UK

A promising molecule has offered hope for a new treatment that could stop or slow Parkinson's,

something no treatment can currently do.

Researchers from the University of Helsinki found that molecule BT13 has the potential to both
boost levels of dopamine, the chemical that is lost in Parkinson's, as well as protect the dopamine-

producing brain cells from dying.

The results from the study, co-funded by Parkinson's UK and published online today in the journal
Movement Disorders, showed an increase in dopamine levels in the brains of mice following the
injection of the molecule. BT13 also activated a specific receptor in the mouse brains to protect the

cells.
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Typically, by the time people are diagnosed with Parkinson's, they have already lost 70-80 per cent

of their dopamine-producing cells, which are involved in coordinating movement.

While current treatments mask the symptoms, there is nothing that can slow down its progression
or prevent more brain cells from being lost, and as dopamine levels continue to fall, symptoms get

worse and new symptoms can appear.

Researchers are now working on improving the properties of BT13 to make it more effective as a
potential treatment which, if successful, could benefit the 145,000 people living with Parkinson's in
the UK.

The study builds on previous research on another molecule that targets the same receptors in the
brain, glial cell line-derived neurotrophic factor (GDNF), an experimental treatment for Parkinson's
which was the subject of a BBC documentary in February 2019. While the results were not clear cut,

GDNF has shown promise to restore damaged cells in Parkinson's.

However, the GDNF protein requires complex surgery to deliver the treatment to the brain because
it's a large molecule that cannot cross the blood-brain barrier - a protective barrier that prevents

some drugs from getting into the brain.

BT13, a smaller molecule, is able to cross the blood-brain barrier - and therefore could be more

easily administered as a treatment, if shown to be beneficial in further clinical trials.
Professor David Dexter, Deputy Director of Research at Parkinson's UK, said:

"People with Parkinson's desperately need a new treatment that can stop the condition in its tracks,

instead of just masking the symptoms.

"One of the biggest challenges for Parkinson's research is how to get drugs past the blood-brain
barrier, so the exciting discovery of BT13 has opened up a new avenue for research to explore, and

the molecule holds great promise as a way to slow or stop Parkinson's.

"More research is needed to turn BT13 into a treatment to be tested in clinical trials, to see if it really

could transform the lives of people living with Parkinson's."

Dr Yulia Sidorova, lead researcher on the study, said: "We are constantly working on improving the
effectiveness of BT13. We are now testing a series of similar BT13 compounds, which were

predicted by a computer program to have even better characteristics.
"Our ultimate goal is to progress these compounds to clinical trials in a few coming years."

HHH
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Parkinson's UK is the largest charitable funder of Parkinson's research in Europe. The charity has

invested £93 million into researching Parkinson's and treatments since 1969.
Media enquiries
For more information please contact:

Amy Dodge, Media and PR Manager, Parkinson's UK, 020 7932 1362
adodge@parkinsons.org.uk

Out of hours: 07961 460248
Notes to editors

For a preview of the paper, see: https://onlinelibrary.wiley.com/doi/full/10.1002 /mds.27943

About Parkinson's
Anyone can get Parkinson's, young or old. Every hour, two more people are diagnosed.

Parkinson's is what happens when the brain cells that make dopamine start to die. There are over 40
symptoms, from tremor and pain to anxiety. Some are treatable, but the drugs can have serious side

effects. It gets worse over time and there's no cure. Yet.

But we know we're close to major breakthroughs. By funding the right research into the most

promising treatments, we get closer to a cure every day.

Until then, we're here for everyone affected by Parkinson's. Fighting for fair treatment and better

services. Making everyone see its real impact.
We are Parkinson's UK. Powered by people. Funded by you. Together we'll find a cure.

Advice, information and support is available via our website, http://www.parkinsons.org.uk, or our
free, confidential helpline on 0808 800 0303.

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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NEWS RELEASE 19-FEB-2020

Design breakthrough could avoid the need for valve replacement surgery as a child

grows; adults could also benefit

BOSTON CHILDREN'S HOSPITAL
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IMAGE: This view from above demonstrates the valve retaining its essential shape at
various states of diametric expansion (from 1x to 1.8x). The prototype was created by
Sophie C. Hofferberth in... view more

Current prosthetic heart valves for children with congenital heart disease are fixed in size, requiring
repeated open-heart surgeries during childhood to replace the valve with a larger version. But a
surprising new design created at Boston Children's Hospital could allow children to keep the same
prosthetic valve until adulthood, and could also benefit adults with heart valve defects. The new

device is described in Science Translational Medicine, published online February 19.

Benchtop studies, computer simulations and extensive testing in large animal models demonstrate
that the new prosthetic valve design works across a wide range of sizes, and that the valve retains its

functionality when expanded via a minimally invasive balloon catheter procedure.

"We hope to bring this new device into clinical testing fairly rapidly,” says Pedro ]. del Nido, MD,
Chairman of Cardiovascular Surgery at Boston Children's Hospital and senior author on the paper. "If

our preclinical results hold up in human testing, this could transform the field."
Less is more: Two valve leaflets versus three

More than 330,000 children worldwide are born with a heart valve defect, and millions of others
develop rheumatic heart disease requiring early valve replacement. Current prosthetic heart valves
are fixed in diameter, so typically need to be replaced every few years; children receiving their first
replacement before age 2 will need as many as five high-risk open-heart operations before reaching
adulthood.

Commercially available prosthetic heart valves have three leaflets, tiny flaps that provide a one-way
inlet or outlet for blood to keep it flowing in the right direction. The new design was inspired by
human venous valves, located in the deep veins of the leg. Unlike our hearts' native outflow valves,
our venous valves have just two leaflets, and a geometry that is optimized to maintain closure and
one-way flow even when the veins expand in diameter to accommodate larger volumes of blood

passing through.
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"Veins carry approximately 70 percent of our blood volume," says Sophie C. Hofferberth, MD, a
surgical resident at Brigham and Women's Hospital who led the research in del Nido's lab at Boston
Children's. "The vein dimensions can change dramatically depending on body position, yet the valves
must remain functional. We mimicked the geometric profile of the human venous valve to design a
bileaflet valve of programmed dimensions that is adaptable to growth without loss of one-way flow

control."

In multiple rounds of testing, in both benchtop and large animal models, valve prototypes with the
biomimetic two-leaflet design were able to expand to accommodate growth and structural
asymmetries within the heart. The valves remained fully functional across a wide range of

dimensions, at a range of pressure and flow rates.

Because the valve is designed to expand without requiring the frame and leaflet to stretch or enlarge,
it is compatible with a range of off-the-shelf materials, the researchers say. The study showed the
device could be effectively expanded at multiple timepoints in a growing animal model, using a

minimally invasive balloon catheter approach.
Potential for fewer blood clots

The researchers also observed that their "geometrically adaptable” design encourages a favorable
blood flow profile through the valve, potentially reducing the risk for blood clot formation often seen
with existing valve replacement devices. In the growing sheep model, there was no evidence of blood
clot formation over 10 weeks of observation, even without the use of blood-thinning medication

typically given to prosthetic valve recipients.

"A shortcoming of many existing devices is the presence of flow disruptions that lead to blood clot
formation and early valve deterioration," says Hofferberth, who is first author on the paper. "Our
design achieves a favorable flow profile that seems to facilitate effective valve washout and minimize

flow stagnation, which is likely to be an important determinant of long-term device durability."
The research team believes their data support initiation of a clinical study within one to two years.
Hit#

Mossab Saeed, Christopher Payne, Karl Price, and Peter Hammer of Boston Children's Department of
Cardiac Surgery were coauthors on the paper, together with Lara Tomholt, Matheus Fernandes, and
James Weaver of the Wyss Institute for Biologically Inspired Engineering; Gerald Marx, Jesse Esch,
and David Brown of Boston Children's Department of Cardiology; Jonathan Brown and Elazer
Edelman of MIT; and Richard W. Bianco of the University of Minnesota. The study was supported by
a NIH-NRSA postdoctoral fellowship grant (1F32HL138993-01), an Early Career Award from the
Thrasher Research Fund, and the Oakwood Foundation. A provisional patent has been filed naming

several of the authors.
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About Boston Children's Hospital

Boston Children's Hospital is ranked the #1 children's hospital in the nation by U.S. News & World
Report and is the primary pediatric teaching affiliate of Harvard Medical School. Home to the world's
largest research enterprise based at a pediatric medical center, its discoveries have benefited both
children and adults since 1869. Today, 3,000 researchers and scientific staff, including 8 members of
the National Academy of Sciences, 21 members of the National Academy of Medicine and 12 Howard
Hughes Medical Investigators comprise Boston Children's research community. Founded as a 20-bed
hospital for children, Boston Children's is now a 415-bed comprehensive center for pediatric and
adolescent health care. For more, visit our Discoveries blog and follow us on social media

@BostonChildrens, @BCH Innovation, Facebook and YouTube.

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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A deep-learning model identifies a powerful new drug that can
kill many species of antibiotic-resistant bacteria

Date:

February 20, 2020
Source:

Massachusetts Institute of Technology
Summary:

Using a machine-learning algorithm, researchers have identified a powerful new antibiotic
compound. In laboratory tests, the drug killed many of the world's most problematic
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disease-causing bacteria, including some strains that are resistant to all known antibiotics. It
also cleared infections in two different mouse models.

FULL STORY

Bacterial colony in dish (stock image).

Credit: © motorolka / Adobe Stock

Using a machine-learning algorithm, MIT researchers have identified a
powerful new antibiotic compound. In laboratory tests, the drug killed many
of the world's most problematic disease-causing bacteria, including some
strains that are resistant to all known antibiotics. It also cleared infections in
two different mouse models.

The computer model, which can screen more than a hundred million chemical compounds in a
matter of days, is designed to pick out potential antibiotics that kill bacteria using different
mechanisms than those of existing drugs.

"We wanted to develop a platform that would allow us to harness the power of artificial intelligence
to usher in a new age of antibiotic drug discovery," says James Collins, the Termeer Professor of
Medical Engineering and Science in MIT's Institute for Medical Engineering and Science (IMES) and
Department of Biological Engineering. "Our approach revealed this amazing molecule which is
arguably one of the more powerful antibiotics that has been discovered."

In their new study, the researchers also identified several other promising antibiotic candidates,
which they plan to test further. They believe the model could also be used to design new drugs,
based on what it has learned about chemical structures that enable drugs to kill bacteria.
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"The machine learning model can explore, in silico, large chemical spaces that can be prohibitively
expensive for traditional experimental approaches,” says Regina Barzilay, the Delta Electronics
Professor of Electrical Engineering and Computer Science in MIT's Computer Science and Artificial
Intelligence Laboratory (CSAIL).

Barzilay and Collins, who are faculty co-leads for MIT's Abdul Latif Jameel Clinic for Machine
Learning in Health, are the senior authors of the study, which appears today in Cell. The first author
of the paper is Jonathan Stokes, a postdoc at MIT and the Broad Institute of MIT and Harvard.

A new pipeline

Over the past few decades, very few new antibiotics have been developed, and most of those newly
approved antibiotics are slightly different variants of existing drugs. Current methods for screening
new antibiotics are often prohibitively costly, require a significant time investment, and are usually
limited to a narrow spectrum of chemical diversity.

"We're facing a growing crisis around antibiotic resistance, and this situation is being generated by
both an increasing number of pathogens becoming resistant to existing antibiotics, and an anemic
pipeline in the biotech and pharmaceutical industries for new antibiotics," Collins says.

To try to find completely novel compounds, he teamed up with Barzilay, Professor Tommi Jaakkola,
and their students Kevin Yang, Kyle Swanson, and Wengong Jin, who have previously developed
machine-learning computer models that can be trained to analyze the molecular structures of
compounds and correlate them with particular traits, such as the ability to kill bacteria.

The idea of using predictive computer models for "in silico” screening is not new, but until now,
these models were not sufficiently accurate to transform drug discovery. Previously, molecules were
represented as vectors reflecting the presence or absence of certain chemical groups. However, the
new neural networks can learn these representations automatically, mapping molecules into
continuous vectors which are subsequently used to predict their properties.

In this case, the researchers designed their model to look for chemical features that make molecules
effective at killing E. coli. To do so, they trained the model on about 2,500 molecules, including about
1,700 FDA-approved drugs and a set of 800 natural products with diverse structures and a wide
range of bioactivities.

Once the model was trained, the researchers tested it on the Broad Institute's Drug Repurposing
Hub, a library of about 6,000 compounds. The model picked out one molecule that was predicted to
have strong antibacterial activity and had a chemical structure different from any existing
antibiotics. Using a different machine-learning model, the researchers also showed that this
molecule would likely have low toxicity to human cells.

This molecule, which the researchers decided to call halicin, after the fictional artificial intelligence
system from "2001: A Space Odyssey," has been previously investigated as possible diabetes drug.
The researchers tested it against dozens of bacterial strains isolated from patients and grown in lab
dishes, and found that it was able to kill many that are resistant to treatment, including Clostridium
difficile, Acinetobacter baumannii, and Mycobacterium tuberculosis. The drug worked against every
species that they tested, with the exception of Pseudomonas aeruginosa, a difficult-to-treat lung
pathogen.

To test halicin's effectiveness in living animals, the researchers used it to treat mice infected with A.
baumannii, a bacterium that has infected many U.S. soldiers stationed in Iraq and Afghanistan. The
strain of A. baumannii that they used is resistant to all known antibiotics, but application of a halicin-
containing ointment completely cleared the infections within 24 hours.

Preliminary studies suggest that halicin kills bacteria by disrupting their ability to maintain an
electrochemical gradient across their cell membranes. This gradient is necessary, among other
functions, to produce ATP (molecules that cells use to store energy), so if the gradient breaks down,
the cells die. This type of killing mechanism could be difficult for bacteria to develop resistance to,
the researchers say.
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"When you're dealing with a molecule that likely associates with membrane components, a cell can't
necessarily acquire a single mutation or a couple of mutations to change the chemistry of the outer
membrane. Mutations like that tend to be far more complex to acquire evolutionarily," Stokes says.

In this study, the researchers found that E. coli did not develop any resistance to halicin during a 30-
day treatment period. In contrast, the bacteria started to develop resistance to the antibiotic
ciprofloxacin within one to three days, and after 30 days, the bacteria were about 200 times more
resistant to ciprofloxacin than they were at the beginning of the experiment.

The researchers plan to pursue further studies of halicin, working with a pharmaceutical company
or nonprofit organization, in hopes of developing it for use in humans.

Optimized molecules

After identifying halicin, the researchers also used their model to screen more than 100 million
molecules selected from the ZINC15 database, an online collection of about 1.5 billion chemical
compounds. This screen, which took only three days, identified 23 candidates that were structurally
dissimilar from existing antibiotics and predicted to be nontoxic to human cells.

In laboratory tests against five species of bacteria, the researchers found that eight of the molecules
showed antibacterial activity, and two were particularly powerful. The researchers now plan to test
these molecules further, and also to screen more of the ZINC15 database.

The researchers also plan to use their model to design new antibiotics and to optimize existing
molecules. For example, they could train the model to add features that would make a particular
antibiotic target only certain bacteria, preventing it from killing beneficial bacteria in a patient's
digestive tract.

Story Source:
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Note: Content may be edited for style and length.
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Massachusetts Institute of Technology. "Artificial intelligence yields new antibiotic: A deep-learning
model identifies a powerful new drug that can kill many species of antibiotic-resistant bacteria."
ScienceDaily. ScienceDaily, 20 February 2020.
<www.sciencedaily.com/releases/2020/02/200220141748.htm>.
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