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NEWS RELEASE 4-OCT-2019

PICOWER INSTITUTE AT MIT

VIDEO: Starting early in the life of an Alzheimer’'s model (5XFAD) mouse using SWITCH
technology, researchers were able to see amyloid plaque buildups (stained white) in deep
regions of the brain... view more

Long before symptoms like memory loss even emerge, the underlying pathology of Alzheimer's

disease, such as an accumulation of amyloid protein plaques, is well underway in the brain. A


https://www.eurekalert.org/multimedia/pub/213092.php

longtime goal of the field has been to understand where it starts so that future interventions could
begin there. A new study by MIT neuroscientists at The Picower Institute for Learning and Memory
could help those efforts by pinpointing the regions with the earliest emergence of amyloid in the
brain of a prominent mouse model of the disease. Notably, the study also shows that the degree of
amyloid accumulation in one of those same regions of the human brain correlates strongly with the

progression of the disease.

"Alzheimer's is a neurodegenerative disease so in the end you can see a lot of neuron loss," said
Wen-Chin "Brian" Huang, co-lead author of the study and a postdoc in the lab of co-senior author Li-
Huei Tsai, Picower Professor of Neuroscience and director of the Picower Institute. "At that point it
would be hard to cure the symptoms. It's really critical to understand what circuits and regions show
neuronal dysfunction early in the disease. This will in turn facilitate the development of effective

therapeutics.”

In addition to Huang, the study's co-lead authors are Rebecca Canter, a former member of the Tsai
lab, and Heejin Choi, a former member of the lab of co-senior author Kwanghun Chung, associate
professor of chemical engineering and a member of the Picower Institute and the Institute for

Medical Engineering and Science.
Tracking plaques

Many research groups have made progress in recent years by tracing amyloid's path in the brain
using technologies such as positron emission tomography and by looking at brains post-mortem, but
the new study adds substantial new evidence from the 5XFAD mouse model because it presents an
unbiased look at the entire brain as early as one month of age. The study reveals that amyloid begins
its terrible march in deep brain regions such as the mammillary body, the lateral septum and the
subiculum before making its way along specific brain circuits that ultimately lead it to the

hippocampus, a key region for memory, and the cortex, a key region for cognition.

The team used SWITCH, a technology developed by Chung, to label amyloid plaques and to clarify
the whole brains of 5XFAD mice so that they could be imaged in fine detail at different ages. The
team was consistently able to see that plaques first emerged in the deep brain structures and then
tracked along circuits such as the Papez memory circuit to spread throughout the brain by 6-12

months (a mouse's lifespan is up to three years).

The findings help to cement an understanding that has been harder to obtain from human brains,
Huang said, because post-mortem dissection cannot easily account for how the disease developed

over time and PET scans don't offer the kind of resolution the new study provides from the mice.
Key validations

Importantly, the team directly validated a key prediction of their mouse findings in human tissue: If

the mammillary body is indeed a very early place that amyloid plaques emerge, then the density of



those plaques should increase in proportion with how far advanced the disease is. Sure enough,
when the team used SWITCH to examine the mammillary bodies of post-mortem human brains at
different stages of the disease, they saw exactly that relationship: The later the stage, the more

densely plaque-packed the mammillary body was.

"This suggests that human brain alterations in Alzheimer's disease look similar to what we observe
in mouse," the authors wrote. "Thus we propose that amyloid-beta deposits start in susceptible
subcortical structures and spread to increasingly complex memory and cognitive networks with
age."

The team also performed experiments to determine whether the accumulation of plaques they
observed were of real disease-related consequence for neurons in affected regions. One of the
hallmarks of Alzheimer's disease is a vicious cycle in which amyloid makes neurons too easily
excited and overexcitement causes neurons to produce more amyloid. The team measured the
excitability of neurons in the mammillary body of 5XFAD mice and found they were more excitable

than otherwise similar mice that did not harbor the 5XFAD set of genetic alterations.

In a preview of a potential future therapeutic strategy, when the researchers used a genetic
approach to silence the neurons in the mammillary body of some 5XFAD mice but left neurons in

others unaffected, the mice with silenced neurons produced less amyloid.

While the study findings help explain much about how amyloid spreads in the brain over space and
time, they also raise new questions, Huang said. How might the mammillary body affect memory and

what types of cells are most affected there?

"This study sets a stage for further investigation of how dysfunction in these brain regions and

circuits contributes to the symptoms of Alzheimer's disease," he said.
Hi#

In addition to Huang, Canter, Choi, Tsai and Chung, the paper's other authors are Jun Wang, Lauren
Ashley Watson, Christine Yao, Fatema Abdurrob, Stephanie Bousleiman, Jennie Young, David Bennett

and Ivana Dellalle.

The National Institutes of Health, the JPB Foundation, Norman B. Leventhal and Barbara Weedon
fellowships, The Burroughs Wellcome Fund, the Searle Scholars Program, a Packard Award, a
NARSAD Young Investigator Award and the NCSOFT Cultural Foundation funded the research.

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 4-OCT-2019

A team from the George Washington University published research in the journal

Gastroenterology, which found a connection between bacterial species living in the
microbiome and development of colon cancer

GEORGE WASHINGTON UNIVERSITY

A mutant protein found in humans with colon cancer blocks a pathway that regulates proliferation
and expansion of cells, increasing amounts of bacterial species associated with the development of
colon cancer. These findings, showcasing the connection between bacteria in the microbiome and
colon cancer, were published by a team of researchers from the George Washington University (GW)

in the journal Gastroenterology.

"Colon cancer is increasing in young people. Current guidelines recommend screening those over
age 50 for colon cancer, but today we are seeing that 15% of those with colon cancer are under the
age of 50," said Lopa Mishra, MD, director of the Center for Translational Medicine at the GW Cancer
Center and professor of surgery at the GW School of Medicine and Health Sciences. "We
hypothesized that diet and its effects on the microbiome may be big players, which is where we

focused our study."



Mishra and the research team looked at the interactions among proteins of the carcinoembryonic
antigen related cell adhesion molecular (CAECAM) family, which interact with microbes, leading to
changes in the growth factor beta (TGFB) signaling pathway. The team collected data on DNA
sequences, mRNA expression levels, and patient survival times from 456 colorectal adenocarcinoma
cases, and a separate set of 594 samples of colorectal adenocarcinomas, in The Cancer Genome Atlas.
The team then used the GW Genomics Core to perform shotgun metagenomic sequencing analysis of
feces from mice with defects in TGFB signaling to identify changes in the microbiome before colon

tumors developed.

The team found that the expression of CEACAMs and genes that regulate stem cell features of cells
are increased in colon cancer and inversely correlated with expression of TGFB pathway genes. They
also found colon cancer to express mutant forms of CEACAMS5 that inhibit TGFB signaling and
increase proliferation and colony formation. This could lead to less invasive screening techniques for

colon cancer, particularly for younger patients.

"We found four microbiome species profoundly altered in our mouse study," said Shuyun Rao, PhD,
assistant research professor of surgery at the GW School of Medicine and Health Sciences. "Our next
steps are to explore this in greater detail and in a much larger population - in the future, younger

patients can simply have their stool tested for these altered microbiomes and look for risk for colon

cancer, preventing its development.”

In addition to Mishra and Rao, the research team consisted of Shoujun Gu, PhD, bioinformatics
scientist at the National Institutes of Health, and Sobia Zaidi, PhD, postdoctoral scientist at the GW
School of Medicine and Health Sciences. There were also significant contributions made by Raja
Mazumder, PhD, co-author and professor of biochemistry and molecular medicine at the GW School
of Medicine and Health Sciences and Keith A. Crandall, PhD, director of the Computational Biology
Institute at Milken Institute School of Public Health at GW, and their research teams, who just

published a microbial profile in the journal PLOS ONE.
HH#H#

"Mutated CEACAMs Disrupt Transforming Growth Factor beta Signaling and Alter the Intestinal
Microbiome to Promote Colorectal Carcinogenesis" was published in Gastroenterology and is

available at https: //www.gastrojournal.org/article /S0016-5085(19)41365-6 /fulltext.

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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William G.  Sir Peter J. Gregg L
Kaelin Jr. Ratcliffe Semenza

“for their discoveries of how cells sense
and adapt to oxygen availability”
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The Nobel Assembly at Karolinska Institutet

has today decided to award

the 2019 Nobel Prize in Physiology or Medicine

jointly to

William G. Kaelin, Jr., Sir Peter J. Ratcliffe and Gregg L. Semenza.

for their discoveries of how cells sense and adapt to oxygen availability
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SUMMARY

Animals need oxygen for the conversion of food into useful energy. The fundamental
importance of oxygen has been understood for centuries, but how cells adapt to changes
in levels of oxygen has long been unknown.

William G. Kaelin Jr., Sir Peter J. Ratcliffe and Gregg L. Semenza discovered how cells
can sense and adapt to changing oxygen availability. They identified molecular
machinery that regulates the activity of genes in response to varying levels of oxygen.

The seminal discoveries by this year’s Nobel Laureates revealed the mechanism for one
of life’s most essential adaptive processes. They established the basis for our
understanding of how oxygen levels affect cellular metabolism and physiological
function. Their discoveries have also paved the way for promising new strategies to
fight anemia, cancer and many other diseases.

Oxygen at center stage

Oxygen, with the formula 02, makes up about one fifth of Earth’s atmosphere. Oxygen is
essential for animal life: it is used by the mitochondria present in virtually all animal
cells in order to convert food into useful energy. Otto Warburg, the recipient of the 1931
Nobel Prize in Physiology or Medicine, revealed that this conversion is an enzymatic
process.

During evolution, mechanisms developed to ensure a sufficient supply of oxygen to
tissues and cells. The carotid body, adjacent to large blood vessels on both sides of the
neck, contains specialized cells that sense the blood's oxygen levels. The 1938 Nobel
Prize in Physiology or Medicine to Corneille Heymans awarded discoveries showing
how blood oxygen sensing via the carotid body controls our respiratory rate by
communicating directly with the brain.

HIF enters the scene

In addition to the carotid body-controlled rapid adaptation to low oxygen levels
(hypoxia), there are other fundamental physiological adaptations. A key physiological
response to hypoxia is the rise in levels of the hormone erythropoietin (EPO), which
leads to increased production of red blood cells (erythropoiesis). The importance of
hormonal control of erythropoiesis was already known at the beginning of the 20th
century, but how this process was itself controlled by 02 remained a mystery.

Gregg Semenza studied the EPO gene and how it is regulated by varying oxygen levels.
By using gene-modified mice, specific DNA segments located next to the EPO gene were
shown to mediate the response to hypoxia. Sir Peter Ratcliffe also studied 02-
dependent regulation of the EPO gene, and both research groups found that the oxygen
sensing mechanism was present in virtually all tissues, not only in the kidney cells
where EPO is normally produced. These were important findings showing that the
mechanism was general and functional in many different cell types.
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Semenza wished to identify the cellular components mediating this response. In
cultured liver cells he discovered a protein complex that binds to the identified DNA
segment in an oxygendependent manner. He called this complex the hypoxia-inducible
factor (HIF) . Extensive efforts to purify the HIF complex began, and in 1995, Semenza
was able to publish some of his key findings, including identification of the genes
encoding HIF. HIF was found to consist of two different DNA-binding proteins, so called
transcription factors, now named HIF-1a and ARNT. Now the researchers could begin
solving the puzzle, allowing them to understand which additional components were
involved and how the machinery works.

VHL: an unexpected partner

When oxygen levels are high, cells contain very little HIF-1a. However, when oxygen
levels are low, the amount of HIF-1a increases so that it can bind to and thus regulate
the EPO gene as well as other genes with HIF-binding DNA segments (Figure 1). Several
research groups showed that HIF-1a, which is normally rapidly degraded, is protected
from degradation in hypoxia. At normal oxygen levels, a cellular machine called the
proteasome, recognized by the 2004 Nobel Prize in Chemistry to Aaron Ciechanover,
Avram Hershko and Irwin Rose, degrades HIF-1a. Under such conditions a small
peptide, ubiquitin, is added to the HIF-1a protein. Ubiquitin functions as a tag for
proteins destined for degradation in the proteasome. How ubiquitin binds to HIF-1a in
an oxygen-dependent manner remained a central question.

The answer came from an unexpected direction. At about the same time as Semenza
and

Ratcliffe were exploring the regulation of the EPO gene, cancer researcher William
Kaelin, Jr. was researching an inherited syndrome, von Hippel-Lindau's disease (VHL
disease). This genetic disease leads to dramatically increased risk of certain cancers in
families with inherited VHL mutations. Kaelin showed that the VHL gene encodes a
protein that prevents the onset of cancer. Kaelin also showed that cancer cells lacking a
functional VHL gene express abnormally high levels of hypoxia-regulated genes; but
that when the VHL gene was reintroduced into cancer cells, normal levels were
restored. This was an important clue showing that VHL was somehow involved in
controlling responses to hypoxia. Additional clues came from several research groups
showing that VHL is part of a complex that labels proteins with ubiquitin, marking them
for degradation in the proteasome. Ratcliffe and his research group then made a key
discovery: demonstrating that VHL can physically interact with HIF-1a and is required
for its degradation at normal oxygen levels. This conclusively linked VHL to HIF-1a.

Oxygen sHIFts the balance

Many pieces had fallen into place, but what was still lacking was an understanding of
how 02 levels regulate the interaction between VHL and HIF-1a. The search focused on
a specific portion of the HIF-1a protein known to be important for VHL-dependent
degradation, and both Kaelin and Ratcliffe suspected that the key to 02-sensing resided
somewhere in this protein domain. In 2001, in two simultaneously published articles
they showed that under normal oxygen levels, hydroxyl groups are added at two
specific positions in HIF-1a (Figure 1). This protein modification, called prolyl
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hydroxylation, allows VHL to recognize and bind to HIF-1a and thus explained how
normal oxygen levels control rapid HIF-1a degradation with the help of oxygen-
sensitive enzymes (so-called prolyl hydroxylases). Further research by Ratcliffe and
others identified the responsible prolyl hydroxylases. It was also shown that the gene
activating function of HIF-1a was regulated by oxygen-dependent hydroxylation. The
Nobel Laureates had now elucidated the oxygen sensing mechanism and had shown
how it works.

Figure 1 When oxygen levels are low (hypoxia), HIF-1a is protected from degradation
and accumulates in the nucleus, where it associates with ARNT and binds to specific
DNA sequences (HRE) in hypoxia-regulated genes (1). At normal oxygen levels, HIF-1a
is rapidly degraded by the proteasome (2). Oxygen regulates the degradation process by
the addition of hydroxyl groups (OH) to HIF-1a (3). The VHL protein can then recognize
and form a complex with HIF-1a leading to its degradation in an oxygen-dependent
manner (4).

Oxygen shapes physiology and pathology

Thanks to the groundbreaking work of these Nobel Laureates, we know much more
about how different oxygen levels regulate fundamental physiological processes.
Oxygen sensing allows cells to adapt their metabolism to low oxygen levels: for
example, in our muscles during intense exercise. Other examples of adaptive processes
controlled by oxygen sensing include the generation of new blood vessels and the
production of red blood cells. Our immune system and many other physiological
functions are also fine-tuned by the O2sensing machinery. Oxygen sensing has even
been shown to be essential during fetal development for controlling normal blood
vessel formation and placenta development.

Oxygen sensing is central to a large number of diseases (Figure 2). For example,
patients with chronic renal failure often suffer from severe anemia due to decreased
EPO expression. EPO is produced by cells in the kidney and is essential for controlling
the formation of red blood cells, as explained above. Moreover, the oxygen-regulated
machinery has an important role in cancer. In tumors, the oxygen-regulated machinery
is utilized to stimulate blood vessel formation and reshape metabolism for effective
proliferation of cancer cells. Intense ongoing efforts in academic laboratories and
pharmaceutical companies are now focused on developing drugs that can interfere with
different disease states by either activating, or blocking, the oxygen-sensing machinery.

Figure 2 The awarded mechanism for oxygen sensing has fundamental importance in
physiology, for example for our metabolism, immune response and ability to adapt to
exercise. Many pathological processes are also affected. Intensive efforts are ongoing to
develop new drugs that can either inhibit or activate the oxygenregulated machinery for
treatment of anemia, cancer and other diseases.
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Artificial intelligence—equipped rovers could offer psychologists a new—and highly
malleable—model of the brain.

WILLIAM HAHN/FLORIDA ATLANTIC UNIVERSITY

Could robots be psychology’s new lab rats?

By Kelly ServickOct. 7, 2019 , 4:15 PM
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WASHINGTON, D.C.—Sending a mouse through a maze can tell you a lot about how its
little brain learns. But what if you could change the size and structure of its brain at will
to study what makes different behaviors possible? That’ s what Elan Barenholtz and
William Hahn are proposing. The cognitive psychologist and computer scientist, both at
Florida Atlantic University in Boca Raton, are running versions of classic psychology
experiments on robots equipped with artificial intelligence. Their laptop—size robotic
rovers can move and sense the environment through a camera. And they’ re guided by
computers running neural networks—models that bear some resemblance to the human
brain.

Barenholtz presented this “robopsychology” approach here last week at the American
Psychological Association’ s Technology Mind & Society Conference. He and Hahn told
Science how they’ re using their unusual new test subjects. The interview has been
edited for clarity and length.

Q: Why put neural networks in robots instead of just studying them on a computer?

Elan Barenholtz: There are a number of groups trying to build models to simulate certain
functions of the brain. But they’ re not making a robot walk around and recognize stuff
and carry out complex cognitive functions.

William Hahn: What we want is the organism itself to guide its own behavior and get
rewards. One way to think about it would be to try to build the simplest possible models.
What is the minimum complexity you need to put in one of these agents so that it acts
like a squirrel or it acts like a cat?

Q: What kind of experiments can you run with these machines?

E.B.: We actually have a preliminary result with our little rover car, in what we jokingly call
a Skinner box. [In B. F. Skinner’ s classic experiments on animal learning], a pigeon
wanders around the cage, and then it maybe walks over to a certain location, and maybe
that’ s electrified. It gets a shock, so it learns very quickly not to go there. Or maybe the
pigeon pecks at a little button and it gets a food reward.

We put [the rover] in a box with colors on the various sides of the wall, and we just
reward it for facing the correct direction. We were asking whether we could get this kind
of robot to engage in a behavior just based on reinforcement. We’ re never telling it, “This
is the right thing to do.” Instead, we’ re just allowing it to explore, given, “Here’ s my
camera input, here’ s my behavior, is there an outcome—do I get rewarded?”

Q: And its “reward” is just being told it’ s correct?

E.B.: [Yes,] right now, this is what it’ s trying to optimize. And that brings up a very
interesting question—a psychological question: What’ s the nature of reward that really
best simulates the way it works in organisms? There isn’ t a score in our heads. There’s
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endorphins and there’ s serotonin, and there’ s all this stuff that happens that we call
reward.

Q: So did the robot learn to face the right wall?
E.B.: Yes, it was able to solve it.
Q: And what did that tell you?

E.B.: One is, OK, these systems are capable, in a real-world situation, of solving this kind
of problem. On the flip side, we also realized, through the course of trial and error, how
incredibly difficult even that simple task was.

Q: Are there more complex questions you’ d eventually like to ask in this type of
experiment?

E.B.: [We want to] extend the rover’ s capability beyond rotating on its axis in a little box
to be able to have, say, multistep kinds of processes to get the reward. It first has to go
to location A, and then location B. Even something as simple as that, in a small space, is
extraordinarily difficult.

Q: In your talk, you mentioned that you’ re testing whether some computational units in
these networks evolve properties of place cells—the neurons that fire when an animal is
at a particular location, no matter which way its head is facing. Can you tell me more
about that?

E.B.: We give [the robot] the current frame, and we say, “What do you think the world
would look like a second from now if you were to take a right?” To be able to do that, it
has to know where it is. It has to build, in its own mind, a map of, “I am here, and then
there’ s another world over there, and if I turn, I’ Il now be at that world.”

W.H.: [We want to know,] do we have to put place cells in there explicitly? Or if we just
[give] reinforcement, do place cells just show up because that makes it easier to find
reward?

Q: Do you encounter people who are skeptical that these robots are good models to
study the brain?

W.H.: We get pushback from both directions. People are like, “This doesn’ t look like
regular engineering robotics,” and then other people are like “This doesn’ t look like
psychology research. Why would you think this has anything to do with the brain?”

E.B.: [To those] who say, “This can’ t be the brain, the brain is much too complex,” *** my
response is: Let’ s see how far this can go. Let’ s see what it can’ t account for.

Q: Do you think these robot experiments could ever replace certain kinds of animal
research?
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W.H.: That’ s been one of our motivations. If you imagine 100 years from now, are we still
going to be running mice in mazes? Probably not.
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09 OCT 2019
GlobalData presents top 20 global innovative pharma companies
by market capitalization in Q1 2019

Business Fundamentals

Takeda Pharmaceutical Co Ltd broke into the list of top 20 publicly traded innovative global
pharmaceutical companies based on market capitalization (Market Cap) during the first
quarter (Q1) ended 31 March 2019, according to GlobalData, a leading data and analytics
company.

Takeda’ s Market Cap during Q1 2019 grew to US$63.4bn, at the back of its takeover of Irish
pharmaceuticals firm Shire Plc.

Quentin Horgan, Pharmaceutical Data and Analytics at GlobalData, comments: “Takeda is the
new entrant in the list, replacing Biogen Inc. Takeda’ s merger with Shire coupled with strong
growth in drugs such as Azilva (Azilsartan), which reported a 36% increase in sales in Q1
2019, saw its revenues almost double from the fourth quarter (Q4) 2018 to Q1 2019.”
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The top 20 pharma companies reported an aggregated Maket Cap of US$2.63 trillion in Q1
2019, a growth of 6.2% compared to US$2.47 trillion as on 31 December 2018 (Q4 2018).

Of the top 20,15 pharma companies reported quarter—on—quarter (QoQ) Market Cap growth,
with six of them, Takeda (grew by 141.8%), Celgene Corp (37.1%), Novo Nordisk AS (17%),
Novartis AG (14%) Merck KGaA (13%) and F. Hoffmann—La Roche Ltd (12.7%), registering
double digit growth.

This data can be found in GlobalData’ s Pharmaceutical Intelligence Center Financials
Database. Celgene Corp’ s share price grew from US$64.09 in Q4 2018 to US$87.45 at the
end of Q1 2019, following its impending merger with Bristol-Myers Squibb Co.

Novo Nordisk AS too reported significant improvement in its share price, which closed at
DKK348.4 as on Q1 2019, against DKK 297.9 at the end of Q4 2018. The rally in share price
was due to its strong performance in diabetes care and obesity markets, and positive
regulatory approvals helped Novartis AG to expand its Market Cap.
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Horgan explains: “For Novartis the Zolgensma launch has been successful with predicted
sales for 2019 reaching US$332mn and is predicted to cross the billion dollar mark in 2020,
whilst the recently launched Mayzent’ s predicted sales are less impressive but is still
predicted to reach over a billion by the year 2023.”

Other notable movements include Roche moving up a place to second in the ranking, with
Pfizer slipping a place to third.

Horgan continues: “Lyrica, Pfizer’ s biggest selling drug in 2018, showed a 10% drop in Q1
2019 sales against its Q4 2018 sales due to its encroaching US Drug Expiry in June 2019 and
its recent patent disputes which it lost in the UK at the end of 2018. This was compounded
by Enbrel, another Pfizer blockbuster, reporting a 14% drop in sales between Q1 2019 and Q4
2018.”

Roche was favorably benefited from key blockbuster drugs such as Ocrevus (Ocrelizumab),
which registered 23% growth; and others such as Kadcyla (Trastuzumab Emtansine) and
Hemlibra (emicizumab—kxwh), which saw 16% and 96% growth, respectively, during the period.

Among the five pharma companies which suffered Market Cap decline in Q1, AbbVie

registered more than 10% QoQ decline as a result of the weakening European sales of its
arthritis medication Humira following the introduction of biosimilar competition.
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Source:
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Summary:
Cancer cells are masters at avoiding detection, but a new system can make them stand out
from the crowd and help the immune system spot and eliminate tumors that other forms of
immunotherapies might miss.

FULL STORY
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Cancer cells are masters at avoiding detection, but a new system developed by
Yale scientists can make them stand out from the crowd and help the immune
system spot and eliminate tumors that other forms of immunotherapies might
miss, the researchers report Oct. 14 in the journal Nature Immunology.

The new system reduced or eliminated melanoma and triple-negative breast and pancreatic tumors
in mice, even those located far from the primary tumor source, the researchers report.

"This is an entirely new form of immunotherapy," said Sidi Chen, assistant professor of genetics and
senior author of the study.

Immunotherapy has revolutionized the treatment of cancer but existing therapies don't work on all
patients or not at all against some cancers. Existing therapies sometimes fail to recognize all
molecular disguises of cancer cells, rendering them less effective.

To address those shortcomings, Chen's lab developed a new system that weds viral gene therapy and
CRISPR gene-editing technology. Instead of finding and editing pieces of DNA and inserting new
genes, the new system -- called Multiplexed Activation of Endogenous Genes as Immunotherapy
(MAEGI) -- launches a massive hunt of tens of thousands of cancer-related genes and then acts like a
GPS to mark their location and amplify the signals.

MAEGI marks the tumor cells for immune destruction, which turns a cold tumor (lacking immune
cells) into a hot tumor (with immune cells). It is the molecular equivalent of dressing tumor cells in
orange jump suits, allowing the immune system police to quickly find and eradicate the deadly cells,
Chen said.

"And once those cells are identified, the immune system immediately recognizes them if they show
up in the future,” Chen said.

The new system in theory should be effective against many cancer types, including those currently
resistant to immunotherapy, he said.

Upcoming studies will optimize the system for simpler manufacturing and prepare for clinical trials
in cancer patients.

Story Source:

Materials provided by Yale University. Original written by Bill Hathaway. Note: Content may be
edited for style and length.
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Yale University. "Scientists help immune system find hidden cancer cells." ScienceDaily. ScienceDaily,
14 October 2019. <www.sciencedaily.com/releases/2019/10/191014111747.htm>.
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Rare sex-specific neurons are present in the brains of male and
female mice

Date:

October 17,2019
Source:

California Institute of Technology
Summary:

Scientists discover that a brain region known to control sex and violence contains rare cell
types that differ in male versus female mice.
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FULL STORY

Caltech researchers have discovered rare brain cell types that are unique to
male mice and other types that are unique to female mice. These sex-specific
cells were found in a region of the brain that governs both aggression and
mating behaviors.

The study was done as a collaboration between the laboratory of David Anderson, Seymour Benzer
Professor of Biology, Tiangiao and Chrissy Chen Institute for Neuroscience Leadership Chair,
Howard Hughes Medical Institute Investigator, and director of the Tiangiao and Chrissy Chen
Institute for Neuroscience; and a team at the Allen Institute for Brain Sciences in Seattle,
Washington. A paper describing the research appears online on October 17 in the journal Cell.

"The results show that there are differences between male and female mammalian brains at the level
of cellular composition as well as gene expression but that those differences are subtle, and their
functional significance remains to be explained," says Anderson.

There are many different types of cells within the brain, such as neurons that transmit signals and
glial cells that support neural functions. Although all of these cells contain the same set of genes, or
genome, the types of cells differ in how they express those genes. As an analogy, one can imagine the
genome as an 88-key piano in each cell. Each cell does not use all 88 keys. Therefore, the subset of
keys that the cell "plays" determines the type of cell it is.

The hypothalamus is a fundamental region of the brain found in all vertebrates including humans.
Previous studies have shown that a specific anatomic subdivision in the hypothalamus, called the
ventrolateral subdivision of the ventromedial hypothalamus (VMHvI), contains cells that control
aggression and mating behaviors. In these studies, strong stimulation of these neurons in male and
female mice immediately caused the animals to become aggressive, even in the absence of any
threat. However, weak stimulation caused the mice to begin mating behaviors.

In this new work, led by Caltech graduate student Dong-Wook Kim, the researchers examined gene
expression in individual cells in the VMHvL. This was made possible by advanced transcriptomic
techniques that can enumerate and identify the RNA transcripts that a cell contains; this information
can then be used to classify different cell types. Previous studies were only able to examine 10
percent of the transcripts in each cell, whereas this study looked at a larger proportion of
transcripts. The team discovered that there are 17 different types of brain cells in this tiny region
alone. What is more, an examination of the patterns of gene expression revealed that some of these
17 cell types are much more abundant in male mice than in females, while others are found only in
females.

[t was known that different genes are expressed in the two mouse sexes -- indeed, a genetic test can
tell you whether a mouse is male or female -- but this is the first discovery of types of cells that are
sex-specific in a mammalian brain. Cells are considered to be distinct types when the expression of
large clusters of genes varies from cell to cell.

Future work will try to determine the functions of these differing cell types.

Story Source:

Materials provided by California Institute of Technology. Note: Content may be edited for style and
length.
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Summary:
Scientists are finding new ways to improve the use of the CRISPR enzyme Cas9 and reduce
the chances of off-target mutations in laboratory mice, according to new results. The findings
will help scientists contextualize a common concern related to gene editing and identify new
strategies to improve its precision.

FULL STORY

Scientists are finding new ways to improve the use of the CRISPR enzyme
Cas9 and reduce the chances of off-target mutations in laboratory mice,
according to new results from a research collaboration including Lauryl
Nutter, PhD, Senior Director, Science and Technology Development at The
Centre for Phenogenomics at The Hospital for Sick Children (SickKids) in
Toronto. The findings, which help scientists contextualize a common concern
related to gene editing and identify new strategies to improve its precision,
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were presented as a featured plenary abstract at the American Society of
Human Genetics 2019 Annual Meeting in Houston.

Dr. Nutter and her collaborators from the multi-institution Knockout Mouse Phenotyping Project
(KOMP2) regularly use Cas9 and gene editing to produce lines of laboratory mice with specific
mutations. In this work, they often encounter questions about the likelihood of off-target
mutagenesis -- unintended genetic mutations introduced by the gene editing process -- in their
mouse lines.

"We wanted to know: to what extent do we need to worry about off-target mutagenesis?" Dr. Nutter
explained. By demonstrating the degree of the problem in mice, the researchers hoped to be better
able to evaluate it in human cell lines being studied in the laboratory, as well as generate new ways
to improve the precision of Cas9-based gene editing.

To answer these questions, Dr. Nutter's team performed 58 genome editing experiments in mouse
embryos with Cas9 and guide RNAs configured to induce a specific, targeted mutation in a different
gene, which would be passed down to its descendants. Two to four guides were used for each
experiment for a total of 175 different guide RNAs. They then sequenced each mouse's whole
genome to search for any additional mutations that may have resulted. To get a baseline rate of
mutation, the whole genomes of Cas9-treated mouse lines were compared to those of 25 untreated
control mice.

In 31 of the Cas9-treated mouse lines, the researchers found zero off-target mutations, and in the
remaining 20 lines, they found an average of 2.3 off-target mutations. In comparison, among both the
treated and untreated mouse lines, they found an average of 3,500 naturally occurring, unique
mutations in each animal.

"Surprisingly, these results show that the number of naturally-occurring mutations far exceeded
those introduced by Cas9," Dr. Nutter said. "They also show that when guide RNAs are properly
designed, off-target mutagenesis is quite rare."

The results also add context to the use of inbred laboratory mouse lines in genetics research and the
assumptions that scientists make when using them.

"Historically, we have used inbred mouse lines to study genetics in mice because their genomes
differed only at certain, defined places, and we've assumed that any difference between the mice is
due to those differences,"” Dr. Nutter explained. "However, we found that even among mice in the
same litter, there could be thousands of naturally-occurring genetic differences."

"Our results highlight the need to be cognizant of using Cas9 and other tools in a genome that may
not be as well defined as we think," she added.

As next steps, Dr. Nutter and her collaborators plan to explore whether enzymes that inhibit or
enhance DNA repair can affect the rate at which new mutations arise. They also plan to examine the
tradeoff between improving the efficiency of Cas9 mutagenesis and improving its precision. Given
their focus on the production of laboratory mouse lines, the researchers hope their findings will
inform the development of better guide RNAs, the short pieces of RNA that enable Cas9 to bind to its
intended target and induce the intended mutation.

More broadly, they hope their findings will lead to better use of control groups and a more informed
perspective on experimental design. They noted that this knowledge will be particularly important
in gene editing research with potential therapeutic applications, including studies of the safety and
efficacy of genetics-based therapies.

Reference: L Nutter et al. (2019 Oct 18). Abstract: Whole genome sequencing puts Cas9 off-target
mutagenesis into the context of genetic drift. Presented at the American Society of Human Genetics
2019 Annual Meeting. Houston, Texas.
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PCB warning label affixed to a railroad signal power supply transformer dating from the 1930's
at CP-SLOPE interlocking, west of Altoona, PA on the Norfolk Southern Pittsburgh Line. Credit:
Sturmovik/Wikipedia

Human-made toxic chemicals that linger indefinitely in the environment disrupt the
performance of critical helper cells in the mouse brain, leading to impaired function
over long-term exposures, say neuroscientists at Georgetown University Medical Center.

Their study, believed to be the first to test polychlorinated biphenyls (PCBs) in
astrocytes—cells that support neurons and are critical for homeostasis throughout the
central nervous system—suggests that this persistent environmental toxicant could be
a contributing factor in the development of neurodegenerative disorders. They report
their findings at the annual meeting of the Society for Neuroscience in Chicago.

The research, conducted in laboratory tests of mouse brain cells, shows how a once
widely used mixture of PCBs turns on pathways in astrocytes that attempt to neutralize
the toxins. Many antioxidant genes known to be relevant to neurodegeneration in
humans are aberrantly activated in the mice cells, says the study's lead researcher,
Mondona McCann, a Ph.D. candidate in Georgetown's Interdisciplinary Program in
Neuroscience.

"Our findings to date show strong connections between these toxins and the health of
astrocytes. They also contribute to our understanding of how crucial these astrocytes
are to maintaining brain functioning," says McCann, who is conducting her research in
the lab of Kathleen Maguire-Zeiss, Ph.D., chair of Georgetown's Department of
Neuroscience.
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These star-shaped cells maintain the blood-brain barrier, support neurons, regulate
communication between neurons, and repair nervous tissue following injury, among
many other supportive tasks. "If astrocytes fail, neurons die. They are key to
maintaining homeostasis—physiological stability—throughout the brain," she says.

PCBs are known to cause cancer, suppress the immune system, disrupt hormonal
signals and impair reproduction. In postmortem studies, they have also been correlated
with death of nigral brain cells—dopamine-producing cells—in patients with
Parkinson's disease.

PCBs were globally manufactured and widely used in the 20th century because the
chemicals are stable, heat-resistant and electrically insulating, which made them ideal
for use in coolants, flame retardants, lubricants, paints, adhesives and many other
industrial products. Because of their toxicity, some countries began banning their use in
the 1970s and 1980s, but worldwide production only ended in 2001.

The effect of these toxins continues, McCann says. "The same stability that made PCBs
so useful also made them persist in the environment."

In addition to several human diseases, PCBs have recently been linked to the decline in
the Kkiller whale population; McCann suspects that a combination of environmental
stressors such as PCBs and genetic predispositions are linked to neurodegeneration.

"People in certain regions are constantly exposed to a low dose of PCBs and other
similar compounds for a long time over their lives," McCann says. "Our lab findings
suggest that such an accumulation can lead to oxidative stress in astrocytes, which
could not, then, support the neurons they maintain."

It is unlikely that we will ever be able to remove accumulated PCBs from a person, but if
research in humans uncovers the specific pathways affected in the brain, "it maybe
possible to compensate, clinically, for the deficits seen in functioning of astrocytes. We
might be able to engage compensatory mechanisms to increase the cells' capacity to
buffer these toxicants and promote survival," she says.

"This concept that environmental stressors impinge on astrocyte health is a fairly
understudied area," says Maguire-Zeiss.

Explore further

Study focuses on repair and reversal of damage caused by Huntington's disease

Provided by Georgetown University Medical Center
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Knowing how to raise and care for animals can improve research
on human communication

Date:

October 24, 2019
Source:

University at Buffalo
Summary:

Animal models can serve as gateways for understanding many human communication
disorders, but a new study suggests that the established practice of socially isolating mice
for such purposes might actually make them poor research models for humans, and a simple
shift to a more realistic social environment could greatly improve the utility of the future
studies.

FULL STORY

Animal models can serve as gateways for understanding many human
communication disorders. Insights into the genetic paths possibly responsible
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for conditions such as autism and schizophrenia often begin by studying
acoustic behavior in mice.

But a new study from the University at Buffalo suggests that the established practice of socially
isolating mice for such purposes might actually make them poor research models for humans, and a
simple shift to a more realistic social environment could greatly improve the utility of the future
studies.

That's because how mice are raised affects how they hear in the real world, according to Micheal
Dent, a professor in UB's Department of Psychology and coauthor of the paper with Laurel Screven, a
postdoctoral research fellow at Johns Hopkins, who was a UB graduate student when the research
was conducted.

Socialization is critical, according to Dent. "We need to raise our animals in more naturalistic
situations since it turns out that it has an effect on their acoustic communication, including how they
hear and how long it takes to train them on a behavioral task," says Dent, an expert in the perception
of complex auditory stimuli in birds and mammals.

"Normally when we do these studies, we isolate the animals for their entire lives. This is not a good
model for humans because we're creating these odd worlds for the mice. It's not natural. Having the
mice live together changes their perception of vocalizations, so clearly it is important.”

The findings of the new paper, which appear in the journal eNeuro, began as a curiosity Screven
expressed to Dent, her dissertation adviser at UB.

Screven was interested in the effects of social experience on acoustic communication in mice.
Previous research demonstrated that when female mice have babies, their neural responses to calls,
or ultrasonic vocalizations, change. Their response depended on whether or not the mice had pups.
Screven wondered if the social experience of vocalizations somehow changes the composition of the
brain, and changes the composition of the auditory areas of the brain..

[t was a possibility that had not been previously studied.

"We can't tell what kind of neural effects are taking place from our behavioral research, but what we
can say is that we should not be isolating mice," Dent says. "We should put them together in order to
create a more realistic situation, one that's more applicable to human communication.

"Knowing how to raise and care for these animals can improve research on human communication,”
says Dent.

For their study, Dent and Screven first trained mice to poke their noses through one hole to start a
repeating vocalization and then to poke their noses through a different hole when they heard a
different vocalization. Mice emit ultrasonic vocalizations (USVs), which vary in frequency, duration
and intensity.

The collective differences in these characteristics is the call's "shape.” The shapes perceived by the
mice are similar to how humans hear different words.

The socially isolated mice required significantly more time to learn to discriminate between the
USVs than the socially housed mice, and they used different aspects of the USVs to do it.

"The goal of the research in our lab is to first establish the baseline acoustic communication behavior
of the mice so in the future we can start understanding communication in mice with genetic
manipulations,” says Dent. "If we look at the genes found in humans who stutter, for instance, or
have high frequency hearing loss, or accelerated age-related hearing loss, we can see what happens
when we knock out those same genes in the mice.

"Eventually, we can attempt to 'fix' the disorders in mice, leading to possible treatments for
humans."
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For Dent, the findings are immediately applicable and she says the next step in her research will be
to house mice together in future experiments.

"Just the finding that the mice train faster when they live together is important for anyone in my line
of research wanting to get the data out faster,” says Dent. "But I also think that creating a more
natural living situation for the mice will make the results of these laboratory experiments more
relevant for human communication and studying how humans process vocalizations."

Story Source:

Materials provided by University at Buffalo. Note: Content may be edited for style and length.
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