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Gilead nets up to $210M from Abingworth to fund Trodelvy lung cancer trials | FirstWord
Pharma
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National, reqional, and global estimates of low birthweight in 2020, with trends from 2000: a
systematic analysis - The Lancet
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The Culprits Behind Motion Sickness | TS Digest | The Scientist (the-scientist.com)
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Sumitomo Pharma lays off 400 US staffers as sales slide (fiercepharma.com)
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Every Cure to Receive $48.3M from ARPA-H to Develop Al-Driven Platform to Revolutionize
Future of Drug Development and Repurposing (prnewswire.com)
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Lilly Makes Weight-Loss Drug Zepbound Available Through Amazon Pharmacy | BioSpace
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US FDA approves first drug for fatty liver disease NASH | Reuters
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Lilly weight-loss drug Zepbound new US prescriptions surpass Wegovy for first time | Reuters
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US approves first gene therapy for children with rare genetic disease | Reuters
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An orally bioavailable SARS-CoV-2 main protease inhibitor exhibits improved affinity and
reduced sensitivity to mutations | Science Translational Medicine
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J&J-partnered Contineum jumps in IPO queue | FirstWord Pharma
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Lecanemab deliberations at the CHMP regarding the Marketing Authorisation Application in
the EU have been rescheduled due to procedural reasons (prnewswire.com)
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How 40Hz sensory gamma rhythm
stimulation clears amyloid in Alzheimer's
mice
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February 28, 2024
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Summary:

Stimulating a key brain rhythm with light and sound increases peptide release from
interneurons, driving clearance of Alzheimer's protein via the brain's glymphatic
system, new study suggests.
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FULL STORY

Studies at MIT and elsewhere are producing mounting evidence
that light flickering and sound clicking at the gamma brain rhythm
frequency of 40 Hz can reduce Alzheimer's disease (AD)
progression and treat symptoms in human volunteers as well as lab
mice. In a new study in Nature using a mouse model of the disease,
researchers at The Picower Institute for Learning and Memory of
MIT reveal a key mechanism that may contribute to these beneficial
effects: clearance of amyloid proteins, a hallmark of AD pathology,
via the brain's glymphatic system, a recently discovered "plumbing"
network parallel to the brain's blood vessels.

"Ever since we published our first results in 2016, people have asked me how does it
work? Why 40 Hz? Why not some other frequency?" said study senior author Li-Hueli
Tsai, Picower Professor of Neuroscience and director of The Picower Institute and
MIT's Aging Brain Initiative. "These are indeed very important questions we have
worked very hard in the lab to address."

The new paper describes a series of experiments, led by Mitch Murdock when he
was a Brain and Cognitive Sciences doctoral student at MIT, showing that when
sensory gamma stimulation increases 40 Hz power and synchrony in the brains of
mice, that prompts a particular type of neuron to release peptides. The study results
further suggest that those short protein signals then drive specific processes that
promote increased amyloid clearance via the glymphatic system.

"We do not yet have a linear map of the exact sequence of events that occurs," said
Murdock, who was jointly supervised by Tsai and co-author and collaborator Ed
Boyden, Y. Eva Tan Professor of Neurotechnology at MIT, a member of the
McGovern Institute for Brain Research and an affiliate member of The Picower
Institute. "But the findings in our experiments support this clearance pathway through
the major glymphatic routes."”

From Gamma to Glymphatics

Because prior research has shown that the glymphatic system is a key conduit for
brain waste clearance and may be regulated by brain rhythms, Tsai and Murdock's
team hypothesized that it might help explain the lab's prior observations that gamma
sensory stimulation reduces amyloid levels in Alzheimer's model mice.

Working with "5XFAD" mice, which genentically model Alzheimer's, Murdock and co-
authors first replicated the lab's prior results that 40 Hz sensory stimulation increases
40 Hz neuronal activity in the brain and reduces amyloid levels. Then they set out to
measure whether there was any correlated change in the fluids that flow through the
glymphatic system to carry away wastes. Indeed, they measured increases in
cerebrospinal fluid in the brain tissue of mice treated with sensory gamma
stimulation compared to untreated controls. They also measured an increase in the



rate of interstitial fluid leaving the brain. Moreover, in the gamma-treated mice he
measured increased diameter of the lymphatic vessels that drain away the fluids and
measured increased accumulation of amyloid in cervical lymph nodes, which is the
drainage site for that flow.

To investigate how this increased fluid flow might be happening, the team focused
on the aquaporin 4 (AQP4) water channel of astrocyte cells, which enables the cells
to facilitate glymphatic fluid exchange. When they blocked APQ4 function with a
chemical, that prevented sensory gamma stimulation from reducing amyloid levels
and prevented it from improving mouse learning and memory. And when, as an
added test they used a genetic technique for disrupting AQP4, that also interfered
with gamma-driven amyloid clearance.

In addition to the fluid exchange promoted by APQ4 activity in astrocytes, another
mechanism by which gamma waves promote glymphatic flow is by increasing the
pulsation of neighboring blood vessels. Several measurements showed stronger
arterial pulsatility in mice subjected to sensory gamma stimulation compared to
untreated controls.

One of the best new techniques for tracking how a condition, such as sensory
gamma stimulation, affects different cell types is to sequence their RNA to track
changes in how they express their genes. Using this method, Tsai and Murdock's
team saw that gamma sensory stimulation indeed promoted changes consistent with
increased astrocyte AQP4 activity.

Prompted by peptides

The RNA sequencing data also revealed that upon gamma sensory stimulation a
subset of neurons, called "interneurons," experienced a notable uptick in the
production of several peptides. This was not surprising in the sense that peptide
release is known to be dependent on brain rhythm frequencies, but it was still
notable because one peptide in particular, VIP, is associated with Alzheimer's-
fighting benefits and helps to regulate vascular cells, blood flow and glymphatic
clearance.

Seizing on this intriguing result, the team ran tests that revealed increased VIP in the
brains of gamma-treated mice. The researchers also used a sensor of peptide
release and observed that sensory gamma stimulation resulted in an increase in
peptide release from VIP-expressing interneurons.

But did this gamma-stimulated peptide release mediate the glymphatic clearance of
amyloid? To find out, the team ran another experiment: they chemically shut down
the VIP neurons. When they did so, and then exposed mice to sensory gamma
stimulation, they found that there was no longer an increase in arterial pulsatility and
there was no more gamma-stimulated amyloid clearance.

"We think that many neuropeptides are involved,"” Murdock said. Tsai added that a
major new direction for the lab's research will be determining what other peptides or
other molecular factors may be driven by sensory gamma stimulation.

Tsai and Murdock added that while this paper focuses on what is likely an important
mechanism -- glymphatic clearance of amyloid -- by which sensory gamma
stimulation helps the brain, it's probably not the only underlying mechanism that
matters. The clearance effects shown in this study occurred rather rapidly but in lab



experiments and clinical studies weeks or months of chronic sensory gamma
stimulation have been needed to have sustained effects on cognition.

With each new study, however, scientists learn more about how sensory stimulation
of brain rhythms may help treat neurological disorders.

In addition to Tsai, Murdock and Boyden, the paper's other authors are Cheng-Yi
Yang, Na Sun, Ping-Chieh Pao, Cristina Blanco-Duque, Martin C. Kahn, Nicolas S.
Lavoie, Matheus B. Victor, Md Rezaul Islam, Fabiola Galiana, Noelle Leary, Sidney
Wang, Adele Bubnys, Emily Ma, Leyla A. Akay, TaeHyun Kim, Madison Sneve,
Yong Qian, Cuixin Lai, Michelle M. McCarthy, Nancy Kopell, Manolis Kellis, Kiryl D.
Piatkevich.

Support for the study came from Barbara J. Weedon, Henry E. Singleton, the
Hubolow family, Robert A. and Renee E. Belfer, Eduardo Eurnekian, the Ko Hahn
family, the Carol and Gene Ludwig Family Foundation, the Halis Family Foundation,
Lester A. Gimpelson, the Dolby family, Jay L. and Carroll D. Miller, Lawrence and
Debra Hilibrand, David B. Emmes, the Marc Haas Foundation, The Picower Institute
for Learning and Memory, The JPB Foundation, and the National Institutes of Health.
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Change in gene code may explain how human
ancestors lost tails

Mechanism behind change may reveal new role for parts of the genetic code
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IMAGE:

TAIL LOSS IN GORILLAS, CHIMPANZEES, AND HUMANS IS BELIEVED TO HAVE OCCURRED ABOUT 25
MILLION YEARS AGO, WHEN THE GROUP EVOLVED AWAY FROM OLD WORLD MONKEYS.

view more

A genetic change in our ancient ancestors may partly explain why humans don't have tails
like monkeys, finds a new study led by researchers at NYU Grossman School of Medicine.

Published online February 28 as the cover story of the journal Nature, the work compared
the DNA of tail-less apes and humans to that of tailed monkeys, and found an insertion of
DNA shared by apes and humans, but missing in monkeys. When the research team
engineered a series of mice to examine whether the insertion, in a gene called TBXT, affected
their tails, they found a variety of tail effects, including some mice born without tails.

“Our study begins to explain how evolution removed our tails, a question that has intrigued
me since | was young,” says corresponding study author Bo Xia, PhD, a student at the time
of the study in the labs of study senior co-authors Jef D. Boeke, PhD, and Itai Yanai, PhD at
NYU Grossman School of Medicine. Xia is now a junior fellow of the Harvard Society of
Fellows, and a principal investigator at the Broad Institute of MIT and Harvard.

More than 100 genes had been linked by past work to the development of tails in various
vertebrate species, and the study authors hypothesized that tail loss occurred through
changes in the DNA code (mutations) of one or more of them. Remarkably, say the study
authors, the new study found that the differences in tails came not from TBXT mutations,
but instead from the insertion of a DNA snippet called AluY into the gene’s regulatory code
in the ancestors of apes and humans.

Profound Surprise
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The new finding proceeds from the process by which genetic instructions are converted into
proteins, the molecules that make up the body’s structures and signals. DNA is “read” and
converted into a related material in RNA, and ultimately into mature messenger RNA
(mRNA), which produces proteins.

In a key step that produces mRNA, “spacer” sections called introns are cut out of the code,
but before that guide the stitching together (splicing) of just the DNA sections, called exons,
which encode the final instructions. Further, the genomes of vertebrate animals evolved to
feature alternative splicing, in which a single gene can code for more than one protein by
leaving out or adding exon sequences. Beyond splicing, the human genome grew more
complex still by evolving to include “countless” switches, part of the poorly understood “dark
matter” that turns on genes at different levels in different cell types.

Still other work has shown that half of this non-gene “dark matter” in the human genome,
which lies both between genes and within the introns, consists of highly repeated DNA
sequences. Further, most of these repeats consist of retrotransposons, also called “jumping
genes” or “mobile elements,” which can move around and insert themselves repeatedly and
randomly in human code.

Pulling these details together, the “astounding” current study found that the transposon
insertion of interest, AluY, which affected tail length, had randomly occurred in an intron
within the TBXT code. Although it did not change a coding portion, the intron insertion, so
the research team showed, influenced alternative splicing, something not seen before, to
result in a variety of tail lengths. Xia found an AluY insertion that remained in the same
location within the TBXT gene in humans and apes resulted in the production of two forms
of TBXT RNA. One of these, they theorize, directly contributed to tail loss.

“This finding is remarkable because most human introns carry copies of repetitive, jumping
DNAs without any effect on gene expression, but this particular AluY insertion did something
as obvious as determine tail length,” said Boeke, the Sol and Judith Bergstein Director of

the Institute for System Genetics at NYU Langone Health.

Tail loss in the group of primates that includes gorillas, chimpanzees, and humans is
believed to have occurred about 25 million years ago, when the group evolved away from
Old World monkeys, said the authors. Following this evolutionary split, the group of apes
that includes present-day humans evolved the formation of fewer tail vertebrae, giving rise
to the coccyx, or tailbone. Although the reason for the tail loss is uncertain, some experts
propose that it may have better suited life on the ground than in the trees.

Any advantage that came with tail loss was likely powerful, the researchers say, because it
may have happened despite coming with a cost. Genes often influence more than one
function in the body, so changes that bring an advantage in one place may be detrimental
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elsewhere. Specifically, the research team found a small uptick in neural tube defects in
mice with the study insertion in the TBXT gene.

“Future experiments will test the theory that, in an ancient evolutionary trade-off, the loss of
a tail in humans contributed to the neural tube birth defects, like those involved in spinal
bifida, which are seen today in one in a thousand human neonates,” said Yanai, also in the
Institute for Systems Genetics.

In addition to Xia, Boeke and Yanai, other NYU Langone study authors were Weimin Zhang,
Guisheng Zhao, Ran Brosh, Aleksandra Wudzinska, Emily Huang, Hannah Ashe, Gwen Ellis,
Maayan Pour, Yu Zhao, Camila Coelho, Yinan Zhu, Alexander Miller, Jeremy Dasen, Matthew
Maurano, and Sang Yong Kim. The mouse engineering work was supported by the NYU
Langone Health Rodent Genetic Engineering Laboratory (RGEL) led by Dr. Sang Yong Kim.

The study was funded by NYU Langone research fund and National Institutes of Health
grants RM1HG009491, PO1AG051449, DP50D033430, and R35GM119703, and by NYSTEM
predoctoral fellowship C322560GG.
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< F 3> Al analysis predicts smoking during pregnancy may increase the risk of behavioral
disorders in newborns (medicalxpress.com)

Al analysis predicts smoking during
pregnancy may increase the risk of behavioral
disorders in newborns
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Establishment of nicotine exposure mice and postnatal development. (A): schematic
drawing showing the experimental design of the prenatal nicotine exposure (PNE). Water
with nicotine and sucrose (PNE), or sucrose only (Con), was supplied to pregnant C57BL/6J
mice, starting from embryonic day 14 until delivery, postnatal day 0 (P0). Mothers and pups
were supplied with normal drinking water thereafter. (B): the developmental changes in the
body weight of PNE (n = 8) and Con (n = 8) pups until the date of the behavioral experiments.
A slight decrease in the body weight was observed in PNE mice, but this was not statistically
significant. (C): the survival curve of the PNE (n = 24) and Con (n = 24) mice indicated no
change in the mortality after prenatal exposure of nicotine.

The fact that smoking is a risk factor for several diseases, including cancer, stroke,
and diabetes, has been known for approximately half a century. However, over the
past few decades, scientists have brought to light many of the detrimental effects of
smoking during pregnancy, linking this habit to high infant mortality, failed delivery,
and low body weight at birth.

In addition, recent studies suggest that prenatal nicotine exposure (PNE) may be
related to neurodevelopmental disorders, such as attention-deficit/hyperactivity
disorder (ADHD) and autism spectrum disorder (ASD).

For a long time now, scientists have used animal models (like rodents) to
understand how PNE leads to neurodevelopmental disorders. By carefully analyzing
the behavior of rodents, they can infer whether PNE is causing neurological changes
and the brain regions affected by it; this can later be confirmed through histological
analyses.
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Unfortunately, thus far, studies on behavioral changes induced by PNE in mice have
shown varied results, some of which are contradictory. Although there could be
multiple reasons behind these discrepancies, human error and bias are prime
suspects. In general, the assessment of complex animal behaviors, especially social
interactions, relies on the efforts of human observers, which introduces a baseline
level of subjectivity that is hard to dispel.

But what if we can leverage artificial intelligence (Al) to produce more accurate and
unbiased results from observations of PNE mice behavior?

In a study published in Cells, researchers from the Department of Molecular and
Cellular Physiology at the Shinshu University School of Medicine, including graduate
student Mengyun Zhou, Assistant Professor Takuma Mori, and Professor Katsuhiko
Tabuchi, developed and trained a deep learning-based system to automatically
analyze footage from behavioral experiments on mice.

They used this tool to explore the behavioral changes induced by PNE in mice
without observer biases, seeking to shed light on the link between nicotine and
neurodevelopmental disorders.

The proposed Al-based framework relied on a combination of two well-established
open-source toolkits, namely DeepLabCut and Simple Behavioral Analysis (SimBA).
"Al tools can label the body parts of animals in markerless video footage and
precisely estimate their poses using supervised machine learning," explains Prof.
Tabuchi.

"Since animal behaviors are defined as a specific arrangement of body parts over a
short period of time, deep-learning toolkits like SimBA can use the pose estimations
obtained with DeepLabCut to classify different types of animal behaviors."

After reaching an optimal training protocol for their framework using manually
labeled data, the researchers conducted several experiments using PNE and control
mice, looking for indicators of ADHD- and ASD-like behaviors.

First, they carried out cliff avoidance reaction tests, which are used to test
impulsivity. In these tests, they placed the subject mouse on top of a slightly
elevated platform and took note—both manually and with the Al system—of how long
the mouse waited before jumping down the platform. The test results suggested that
PNE mice are more impulsive, a behavioral feature of ADHD in humans.

They also tested the working memory of mice using a Y-shaped maze and counted
the number of times each mouse spontaneously switched from one arm of the maze
to another.

"We observed a decrease in the spontaneous alteration in PNE mice, suggesting that
their working memory was altered, which is another behavioral feature of ADHD,"
comments Mengyun Zhou. "These results suggest prenatal exposure to nicotine may
cause ADHD in mice, which is consistent with clinical reports in humans."
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Finally, the researchers conducted open-field and social-interaction experiments,
which represented the main challenge for their Al-based system. In these
experiments, the researchers observed either one or two mice behaving freely in a
large enclosure and looked for indicators of anxiety and social behaviors, such as
grooming and following. Interestingly, PNE mice exhibited social behavioral deficits
and increased anxiety, which are features of ASD.

Subsequent histological analysis of hippocampal brain tissue confirmed decreased
neurogenesis, a hallmark of ASD. Thus, it appears that smoking may not only
increase the risk of ADHD but also ASD.

Worth noting, the results obtained using the Al-based system were highly reliable.
Prof. Tabuchi says, "We validated the accuracy of our behavioral analysis framework
by drawing a careful comparison between the results generated by the model and
behavior assessments made by multiple human annotators, which is considered the
gold standard." These analyses cement the potential of the proposed approach and
showcase its capabilities for many types of behavioral studies.

With any luck, further efforts will pave the way to a solid understanding of
mechanisms behind neurodevelopmental disorders like ASD and ADHD, ultimately
leading to better diagnostic tools and therapeutic methods.

More information: Mengyun Zhou et al, Deep-Learning-Based Analysis Reveals a
Social Behavior Deficit in Mice Exposed Prenatally to Nicotine, Cells (2024). DOL:
10.3390/cells13030275

Provided by Shinshu University
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Earliest-yet Alzheimer's biomarker found in
mouse model could point to new targets

Date:

March 6, 2024
Source:

University of Illinois at Urbana-Champaign, News Bureau
Summary:

A surge of a neural-specific protein in the brain is the earliest-yet biomarker for
Alzheimer's disease, report researchers studying a mouse model of the disease.
Furthermore, the increased protein activity leads to the seizures associated with the
earliest stages of neurodegeneration, and inhibiting the protein in the mice slowed
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the onset and progression of seizure activity. The neural-specific protein, PSD-95,
could pose a new target for Alzheimer's research, early diagnosis and treatment.

FULL STORY

A surge of a neural-specific protein in the brain is the earliest-yet
biomarker for Alzheimer's disease, report University of Illinois
Urbana-Champaign researchers studying a mouse model of the
disease. Furthermore, the increased protein activity leads to the
seizures associated with the earliest stages of neurodegeneration,
and inhibiting the protein in the mice slowed the onset and
progression of seizure activity.

The neural-specific protein, PSD-95, could pose a new target for Alzheimer's
research, early diagnosis and treatment, said study leader Nien-Pei Tsai, an lllinois
professor of molecular and integrative physiology.

Tsai's group studies mice that make more of the proteins that form amyloid-beta,
which progressively aggregates in Alzheimer's disease to form plagues in the brain
that hamper neural activity.

However, in the new work, the group focused on a time frame much earlier in the
mouse lifespan than others have studied -- when no other markers or abnormalities
have been reported, Tsai said.

"We were thinking, if we can catch anything that is happening early enough, maybe
we can find a way to diagnose the disease earlier or slow down the progression,"
Tsai said.

"We know that Alzheimer's is irreversible. But if we can slow down the progression or
even delay the onset of the disease, we can improve the quality of life for patients."

While watching early neural development, first in neuron cultures and then in live
mice, the researchers saw an elevation in PSD-95 levels.

The PSD-95 protein's job is to attract and pull other receptors to the synaptic surface
-- the space where two neurons pass signals to one another.

"Our data suggests that the elevated PSD-95 is contributing to hyperexcitability in
the brain. That's a common phenotype is some of the early stages of Alzheimer's
disease patients: They tend to have hyperexcitability or elevated seizure
susceptibility in the brain, preceding and exacerbating the neurodegeneration that
follows," said Tsai, who also is affiliated with the Beckman Institute of Advanced
Science and Technology at the U. of I.

To confirm that increased PSD-95 was a driving force behind the seizure activity, the
researchers inhibited PSD-95 in a mouse cohort.

They saw reduced receptor activity at the synapse, fewer seizures in the mice and
reduced mortality from seizures.



"Our findings show that PSD-95 is a critical contributor to the hyperexcitability in the
earliest stages of Alzheimer's. So we think that PSD-95 can be an early biomarker to
indicate that a patient could have Alzheimer's disease or elevated seizure
susceptibility. In terms of treatment, antibody inhibitors for PSD-95 could be useful in
the early onset of Alzheimer's, with more clinical study."

The group published its findings in the journal EMBO Reports.

The researchers hope to partner with clinical research teams to determine whether
their findings in mice correlate with samples from human patients.

They also plan to study other receptors that PSD-95 interacts with on the synaptic
surface to see if it plays a role in other symptoms of the disease or stages of its
progression.

"For example, the NMDA receptor has been shown to contribute to neural cell death
in Alzheimer's disease. So we're trying to see whether by inhibiting PSD-95, we also
can inhibit this particular NMDA receptor to slow down cell death."

The National Institutes of Health and the Alzheimer's Association supported this
work.

The National Institute of Health supported this work through grants ROINS105615,
R0O1MH124827 and R21AG071278.

Story Source:

Materials provided by University of lllinois at Urbana-Champaign, News Bureau.
Original written by Liz Ahlberg Touchstone. Note: Content may be edited for style
and length.
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|[Maternal obesity may promote liver cancer

Date:

March 12, 2024
Source:

Université de Geneve
Summary:

Obesity, which could reach 50% of the population in certain developed countries by
2030, is a major public health concern. It not only affects the health of those who
suffer from it, but could also have serious consequences for their offspring. Scientists
have studied the impact of maternal obesity on the risk of developing liver disease
and liver cancer. Using an animal model, the team discovered that this risk was
indeed much higher in the offspring of mothers suffering from obesity.
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FULL STORY

Obesity, which could reach 50% of the population in certain
developed countries by 2030, is a major public health concern. It
not only affects the health of those who suffer from it, but could also
have serious consequences for their offspring. Scientists at the
University of Geneva (UNIGE) and the Geneva University Hospitals
(HUG) have studied the impact of maternal obesity on the risk of
developing liver disease and liver cancer. Using an animal model,
the team discovered that this risk was indeed much higher in the
offspring of mothers suffering from obesity. One of the main causes
was the transmission of a disturbed intestinal microbiota from the
mother, resulting in a chronic liver disease whose effects became
apparent in adulthood. These results, which have yet to be
confirmed in humans, are a warning signal and a call for action to
limit the deleterious effect of obesity on children. This research is
published in the journal JHEP Reports.

The scientific community suspects that maternal obesity disrupts the metabolic
balance of the unborn child, and even increases the risk of childhood cancer and
colorectal cancer.

But to what extent? "We wanted to understand whether the children of mothers
suffering from obesity were at greater risk of developing liver diseases, and by what
biological mechanisms," explains Christian Toso, full professor at the UNIGE Faculty
of Medicine and director of the Division of digestive surgery at the HUG, who led this
research.

"Indeed, while the risk of liver cancer due to a hepatic virus is decreasing, obesity-
related liver diseases are constantly on the rise."

The scientists studied two groups of female mice: the first fed with a diet rich in fat
and sugar -- similar to junk food -- which rapidly became obese.

The second -- the control group -- was fed normally. All their offspring were fed with
a normal diet and were not overweight.

The only difference was therefore the maternal obesity of the first group.

"At 20 weeks, which corresponds to adulthood in humans, we could not detect any
notable differences,"” explains Beat Moeckli, junior staff surgeon and researcher in
professor Toso's team, the first author of this work.

"However, at 40 weeks, a senior age in mice, the liver health of the first group began
to deteriorate.

All the parameters of liver disease -- fat deposits, fibrosis, and inflammation -- were
significantly higher in the offspring of mothers suffering from obesity.



And these are the main risk factors for liver cancer in humans".
From disease to cancer: the role of microbiota

To confirm whether these mice had a higher risk of developing liver cancer, the team
injected two groups of these mice with an oncogenic product just after weaning.

And indeed, the offspring of obese mothers had an 80% risk of developing cancer,
compared with 20% for the control group.

"The mother's obesity thus has an impact long after the birth of its offspring, which
seem to inherit a dysfunctional microbiota despite their own living conditions,"
analyses Beat Moeckli.

"Obesity alters the composition and diversity of the mother's microbiota, which is
passed on to the next generation and persists throughout life".

However, by placing mice from both groups in the same cage, the scientists
observed a normalisation of the microbiota.

As mice are coprophagous (they eat their faeces), they quickly share the same
microbiotic strains.

Bacterial diversity then increased, favouring the good bacteria.

As a result, the healthy microbiota naturally regains the upper hand, and the marker
of liver disease dramatically decreased.

"We see a clear effect of the microbiota on the risk of developing liver cancer,
indicating its central role in transmitting the risk of disease from mother to child.”

The junk food diet encourages the proliferation of bad bacteria and reduces bacterial
diversity.

This altered microbiota, transmitted at birth, then leads to greater inflammation in the
liver and, over time, generates fibrosis and steatosis (an excessive presence of fat),
which in turn increase the risk of developing liver cancer.

Normalising the microbiota also normalises the risk of cancer.
And in humans?

These data come from a study on an animal model, in a highly controlled
environment. To be applied in a clinical context, they need to be confirmed in
humans under real-life conditions. The first stage will consist of an epidemiological
study based on large bodies of data obtained from following mothers and their
children over several decades. "However, we already know that it is possible to
modify the microbiota, for instance by using probiotics. "Having highlighted the
importance of the microbiome represents a first step towards new therapies," the
scientists conclude.

Story Source:

Materials provided by Université de Geneve. Note: Content may be edited for style
and length.
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[Poor sleep linked to migraine attacks

Date:

March 13, 2024
Source:

University of Arizona Health Sciences
Summary:

A new study has identified a link between poor sleep and migraine attacks that
suggests improving sleep health may diminish migraine attacks in people with
migraine.
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FULL STORY

A new study by researchers at the University of Arizona Health
Sciences identified a link between poor sleep and migraine attacks
that suggests improving sleep health may diminish migraine attacks
In people with migraine.

Many people with migraine report having sleeping disorders, including insomnia,
trouble falling or staying asleep, poor sleep quality, excessive daytime sleepiness,
waking up from sleep and being forced to sleep because of a migraine headache.

Until now, it was unknown whether migraine causes poor sleep or vice versa.

"It has been recognized for quite a long time that there is a relationship between
sleep and migraine," said principal investigator Frank Porreca, PhD, research
director for the Comprehensive Center for Pain & Addiction and professor of
pharmacology at the UArizona College of Medicine -- Tucson.

"The way it has been investigated in the past has been through patient-reported
information, which is subjective. We quantitatively measured sleep in preclinical
models and found that migraine-like pain does not influence sleep, but if you have
disrupted sleep, your chances of having a migraine attack if you're a migraine patient
are much higher."

Porreca led a research team that used preclinical mouse models to evaluate sleep
disruption, as the sleep architecture of mice closely matches that of people, including
cycles of deep sleep, REM sleep and light sleep.

Sleep was assessed using electroencephalogram recordings and visual
observations.

Researchers found that when mice were sleep deprived, they were more likely to
experience migraine-like pain, but migraine-like pain did not disrupt normal sleep.

Porreca noted that sleep deprivation can happen for many reasons, including stress.

For this study, the research team ensured they were studying the effect of sleep, and
not stress, on migraine by giving mice novel objects to explore to keep them awake.

"Mice are compelled to explore novel objects. They just have to go and look,"
Porreca said.

"It reminds me of how teenagers are often sleep deprived because they're on their
phones. Anybody who studies sleep will tell you that from a sleep hygiene point of
view, you don't want any devices in your bedroom where you're trying to sleep."

For people with migraine, limiting the use of electronic devices before bedtime and
following other sleep health tips could be an easy way to limit the likelihood of
migraine attacks.

"Early morning is one of the most common times people experience migraine
attacks," Porreca said.



"Migraine is highly female prevalent -- it's 3 to 1, women to men -- and almost all the
women are of childbearing age. Many people with migraine probably have children.
They wake up with a migraine attack and are immediately stressed. They don't have
time to take care of themselves, they have to get the kids ready for school and they
have to get ready for work. That migraine attack is happening in the worst time of the
day for function. Improved sleep is critically important and probably would diminish
the frequency of migraine attacks."

The American Migraine Foundation estimates more than 39 million people in the
U.S. live with migraine, though that number is probably higher due to the number of
people who do not get a diagnosis or treatment.

Story Source:

Materials provided by University of Arizona Health Sciences. Note: Content may
be edited for style and length.
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DNA origami-based vaccines toward safe and
highly-effective precision cancer
immunotherapy

Broadly applicable vaccine platform enables enhanced anti-tumor responses through
nanometer-precise spacing of adjuvant molecules and a variety of antigens

Date:

March 15, 2024
Source:

Wyss Institute for Biologically Inspired Engineering at Harvard
Summary:

Researchers have created a DNA origami platform called DoriVac, whose core
component is a self-assembling square block-shaped nanostructure. DoriVac
vaccines enabled tumor-bearing mice to better control the growth of tumors and to
survive significantly longer than control mice.

FULL STORY

Therapeutic cancer vaccines are a form of immunotherapy in the
making that could not only destroy cancer cells in patients, but keep
a cancer from coming back and spreading. Multiple therapeutic
cancer vaccines are being studied in clinical trials, but despite their
promise, they are not routinely used yet by clinical oncologists to
treat their patients.

The central ingredient of therapeutic cancer vaccines is antigens, which are
preferentially produced or newly produced (neoantigens) by tumor cells and enable a
patient's immune system to search and destroy the cancerous cells. In most cases,
those antigens cannot act alone and need the help of adjuvant molecules that trigger
a general alarm signal in immune cells known as antigen-presenting cells (APCSs).
APCs internalize both antigen and adjuvant molecules and present the antigens to
different types of T cells. Those T cells then launch an immediate attack against the
tumor, or preserve a longer-lasting memory of the tumor for future defense.

A cancer vaccine's effectiveness depends on the level and duration of the "alarm” its
adjuvants can ring in APCs. Previously, researchers found that delivering adjuvant
and antigen molecules to APCs simultaneously using nanostructures like DNA
origami can increase APC activation. However, none of these approaches
systematically investigated how the number and nanoscale arrangement of adjuvant
molecules affect downstream tumor-directed immunity.




Now, a research team at the Wyss Institute at Harvard University, Dana-Farber
Cancer Institute (DFCI), Harvard Medical School (HMS), and Korea Institute of
Science and Technology (KIST) has created a DNA origami platform called DoriVac,
whose core component is a self-assembling square block-shaped nanostructure. To
one face of the square block, defined numbers of adjuvant molecules can be
attached in highly tunable, nanoprecise patterns, while the opposite face can bind
tumor antigens. The study found that molecules of an adjuvant known as CpG
spaced exactly 3.5 nanometers apart from each other resulted in the most beneficial
stimulation of APCs that induced a highly-desirable profile of T cells, including those
that kill cancer cells (cytotoxic T cells), those that cause beneficial inflammation (Th-
1 polarized T cells), and those that provide a long-term immune memory of the tumor
(memory T cells). DoriVac vaccines enabled tumor-bearing mice to better control the
growth of tumors and to survive significantly longer than control mice. Importantly,
the effects of DoriVac also synergized with those of immune checkpoint inhibitors,
which are a highly successful immunotherapy that is already widely used in the
clinic. The findings are published in Nature Nanotechnology.

"DoriVac's DNA origami vaccine technology merges different nanotechnological
capabilities that we have developed over the years with an ever-deepening
knowledge about cancer-suppressing immune processes," said Wyss Core Faculty
member William Shih, Ph.D., who led the Wyss Institute team together with first-
author Yang (Claire) Zeng, M.D., Ph.D.. "We envision that in the future, antigens
identified in patients with different types of tumors could be quickly loaded onto
prefabricated, adjuvant-containing DNA origami to enable highly effective
personalized cancer vaccines that can be paired with FDA-approved checkpoint
inhibitors in combination therapies." Shih is also a Professor at HMS and DFCI's
Department of Cancer Biology and, as some of the other authors, a member of the
NIH-funded cross-institutional "Immuno-engineering to Improve Immunotherapy” (i3)
Center based at the Wyss.

DNA origami rationale

The CpG adjuvant is a synthetic strand of DNA made up of repeated CpG nucleotide
motifs that mimic the genetic material from immune cell-invading bacterial and viral
pathogens. Like its natural counterparts, CpG adjuvants bind to a "danger receptor"
called TLR9 in immune cells, which in turn induces an inflammatory (innate) immune
response that works in concert with the antigen-induced (adaptive) immune
response.

"We knew from previous work that to trigger strong inflammatory responses, TLR9
receptors need to dimerize and aggregate into multimeric complexes binding to
multiple CpG molecules. The nanoscale distances between the CpG-binding
domains in effective TLR9 assemblies revealed by structural analysis fell right into
the range of what we hypothesized we could mirror with DNA origami structures
presenting precisely spaced CpG molecules,” explained Zeng, who was an Instructor
in Medicine at the time of the study and now is a senior scientist at DFCI and
Harvard Medical School (HMS). In addition to Shih, Zeng was also mentored on the
project by senior authors Ju Hee Ryu, Ph.D., a Principal Researcher at KIST, and
Wyss Founding Core Faculty member David Mooney, Ph.D., who also is Professor
at Harvard John A. Paulson School of Engineering and Applied Sciences (SEAS),
and one of the i3 Center's Principal Investigators.



Zeng and the team fabricated DoriVac vaccines in which different numbers of CpG
strands were spaced at 2.5, 3.5, 5, or 7 nanometers apart from each other on one
face of the square block, and a model antigen was attached to the opposite face.
They protected their structures from being degraded in the body using a chemical
modification method that Shih's group had developed earlier. When internalized by
different types of APCs, including dendritic cells (DCs), which orchestrate tumor-
directed T cell responses, the DoriVac vaccines improved the uptake of antigens
compared to controls consisting of free antigen molecules. A CpG spacing of 3.5
nanometers produced the strongest and most beneficial responses in APCs, and
significantly outperformed a control vaccine containing only free CpG molecules.
"We were excited to find that the DoriVac vaccine preferentially induced an immune
activation state that supports anti-tumor immunity, which is what researchers
generally want to see in a good vaccine," said Zeng.

Besides spacing, the numbers of CpG molecules in DoriVac vaccines also mattered.
The team tested vaccines containing between 12 to 63 optimally spaced CpG
molecules and found that 18 CpG molecules provided the best APC activation. This
meant that their approach can also help limit the dosage of CpG molecules and thus
minimize commonly observed toxic side effects observed with adjuvants.

Gained in (tumor) translation

Importantly, these in vitro trends translated to in vivo mouse tumor models. When
prophylactically injected under the skin of mice, DoriVac vaccines accumulated in the
closest lymph nodes where they stimulated DCs. A vaccine loaded with a melanoma
antigen prevented the growth of subsequently injected aggressive melanoma cells.
While all control animals had succumbed to the cancer by day 42 of the experiment,
DoriVac-protected animals all were alive. DoriVac vaccines also inhibited tumor
growth in mice in which the formation of melanoma tumors was already underway,
with a 3.5 nanometer spacing of 18 CpG molecules again providing maximum effects
on DC and T cells, and the strongest reduction in tumor growth.

Next, the team asked whether DoriVac vaccines could also boost immune responses
produced by small "neoantigens” emerging in melanoma tumors. Neoantigens are
ideal targets because they are exclusively made by tumor cells. However, they often
are not very immunogenic themselves, which make highly effective adjuvants an
important component in neoantigen vaccines. A DoriVac vaccine customized with
four neoantigens enabled the researchers to significantly suppress growth of the
tumor in mice that produced the neoantigens.

Finally, the researchers asked whether DoriVac could synergize with immune
checkpoint therapy, which reactivates T cells that have been silenced in tumors. In
mice, the two therapies combined resulted in the total regression of melanoma
tumors, and prevented them from growing back when the animals were exposed to
the same tumor cells again four months later. The animals had built up an immune
memory of the tumor. The team obtained a similar vaccination efficiency in a mouse
lymphoma model.

"We think that DoriVac's value for determining a sweet spot in adjuvant delivery and
enhancing the delivery and effects of coupled antigens can pave the way to more
effective clinical cancer vaccines for use in patients with a variety of cancers," said
Zeng. The team is currently translating the DoriVac platform toward its clinical
application, which is supported by the study's assessment of vaccine distribution and



vaccine-directed antibodies in mice, as well as cytokines produced by immune cells
in response to the vaccines in vivo.

"The DoriVac platform is our first example of how our pursuit of what we call
Molecular Robotics -- synthetic bioinspired molecules that have programmable
shape and function -- can lead to entirely new and powerful therapeutics. This
technology opens an entirely new path for development of designer vaccines with
properties tailored to meet specific clinical challenges. We hope to see its rapid
translation into the clinic,” said Wyss Institute Founding Director Donald Ingber,
M.D., Ph.D., who is also the Judah Folkman Professor of Vascular Biology at HMS
and Boston Children's Hospital, and the Hansjérg Wyss Professor of Bioinspired
Engineering at SEAS.

Other authors on the study are Olivia Young, Christopher Wintersinger, Frances
Anastassacos, James MacDonald, Giorgia Isinelli, Maxence Dellacherie, Miguel
Sobral, Haiging Bai, Amanda Graveline, Andyna Vernet, Melinda Sanchez, Kathleen
Mulligan, Youngjin Choi, Thomas Ferrante, Derin Keskin, Geoffrey Fell, Donna
Neuberg, Cathrine Wu, and Ick Chan Kwon. The study was funded by the Wyss
Institute's Validation Project and Institute Project programs, Claudia Adams Barr
Program at DFCI, Korean Fund for Regenerative Medicine (award #21A0504L1),
Intramural Research Program of KIST (award #2E30840), and National Institutes of
Health (under the i3 Center supporting U54 grant (award #CA244726-01).
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Source:

Stanford Medicine
Summary:

Those with aging immune systems struggle to fight off novel viruses and respond
weakly to vaccination. Researchers were able to revitalize the immune system in
mice.

FULL STORY

Planes, trains, boats, automobiles and even feet. During the past
decades and centuries, global travel and human migration have
made all of us more worldly -- from our broadening awareness of
the world beyond our birthplaces, to our more sophisticated palates,
to our immune systems that are increasingly challenged by
unfamiliar bacteria and viruses.

In the elderly, these newly imported pathogens can gain the upper hand frighteningly
quickly. Unfortunately, however, vaccination in this age group isn't as effective as it is
in younger people.

Now a study conducted in mice by Stanford Medicine and the National Institute of
Health's Rocky Mountain Laboratories provides tantalizing evidence that it may one
day be possible to rev up an elderly immune system with a one-time treatment that
modulates the composition of a type of immune cell.

The treatment significantly improved the ability of geriatric animals' immune systems
to tackle a new virus head on, as well as to respond vigorously to vaccination --
enabling them to fight off a new threat months later.

"This is a real paradigm shift -- researchers and clinicians should think in a new way
about the immune system and aging," said postdoctoral scholar Jason Ross, MD,
PhD. "The idea that it's possible to tune the entire immune system of millions of cells
simply by affecting the function of such a rare population is surprising and exciting."

Ross and Lara Myers, PhD, a research fellow at Rocky Mountain Laboratories, are
the lead authors of the study, which will be published March 27 in Nature. Irving
Weissman, MD, professor of pathology and of developmental biology, and Kim
Hasenkrug, PhD, the chief of Rocky Mountain Laboratories' Retroviral Immunology
Section, are the senior authors of the research.

A shift in the immune system

The targeted cells are a subset of what's known as hematopoietic stem cells, or
HSCs. HSCs are the granddaddies of the immune system, giving rise to all the other
types of blood and immune cells including B and T cells, which are collectively



known as lymphocytes. As we age, our HSCs begin to favor the production of other
immune cells called myeloid cells over lymphocytes. This shift hampers our ability to
fully react to new viral or bacterial threats and makes our response to vaccination
much less robust than that of younger people.

"Older people just don't make many new B and T cell lymphocytes," said Weissman,
who is the Virginia and D.K. Ludwig Professor in Clinical Investigation in Cancer
Research. "During the start of the COVID-19 pandemic it quickly became clear that
older people were dying in larger numbers than younger people. This trend
continued even after vaccinations became available. If we can revitalize the aging
human immune system like we did in mice, it could be lifesaving when the next
global pathogen arises."

Weissman was the first to isolate HSCs in mice and humans in the late 1980s. In the
years since, he and his colleagues have investigated the molecular minutiae of these
cells, painstakingly tracing the complicated relationships among the scores of cell
types that arise in their wake.

Some of these descendants make up what's known as the adaptive immune system:
highly specialized B and T lymphocytes that each recognize just one particular three-
dimensional structure -- perhaps a pointy bit here or a telltale knobby clump there --
that betrays an invading virus or bacteria. Like trained assassins once they spot their
mark, B lymphocytes churn out antibodies that latch onto the telltale structures and
target infected or foreign cells for destruction, while various subtypes of T
lymphocytes either demolish infected cells or raise a hue and cry to summon other
immune cells to finish off the enemy.

The specificity of the B and T lymphocytes allows the immune system to have
memory; once you've been exposed to a specific invader, the body reacts swiftly and
decisively if that same pathogen is seen again. This is the basic concept behind
vaccination -- trigger an initial response to a harmless mimic of a dangerous bacteria
or virus. In response, the lymphocytes that recognize the invader not only give rise to
cells that eliminate the infection but also generate long-lived memory B and T cells
that, in some cases, can last a lifetime. Thus, the system is primed when the threat
becomes real.

Another key part of our immune system is called innate immunity, and it's much less
discriminating. In the blood, it's run by a class of cells called myeloid cells. Like
school janitors, these cells scour the body, gobbling up any unfamiliar cells or bits of
detritus. They also trigger inflammatory responses, which recruit other cells and
chemicals to infected sites. Inflammation helps the body protect itself against
invaders, but it can be a major problem when triggered inappropriately or
overenthusiastically, and aging has been linked to chronic inflammation in humans.

An evolutionary disadvantage

Ross and Weissman knew from previous research that during aging, the number of
HSCs that make balanced proportions of lymphocytes and myeloid cells decline,
while those that are myeloid-biased increase their numbers. This favors the
production of myeloid cells. Early in human history, when people rarely left their
birthplace and lived shorter lives, this gradual change probably had no
consequences (it may even have been favorable) because people were likely to



encounter all their surrounding pathogens by young adulthood and be protected by
their memory lymphocytes. But now it's distinctly disadvantageous.

The researchers wondered if they could tilt the balance back toward a younger
immune system by depleting myeloid-leaning HSCs and allowing the more balanced
HSCs to replace them. Their hunch was correct. Mice between 18 and 24 months
old (doddering in the mouse world) that were treated with an antibody targeting the
myeloid-leaning HSCs for destruction had more of the balanced HSCs -- and more
new, naive B and T lymphocytes -- than their untreated peers even several weeks
later.

"These new, naive lymphocytes provide better immune coverage for novel infections
like those humans increasingly encounter as our world becomes more global,"
Weissman said. "Without this renewal, these new infectious agents would not be
recognized by the existing pool of memory lymphocytes."

The treatment also reduced some negative outcomes like inflammation that can
arise when an elderly immune system grapples with a new pathogen.

"Not only did we see a shift toward cells involved in adaptive immunity, but we also
observed a dampening in the levels of inflammatory proteins in the treated animals,”
Ross said. "We were surprised that a single course of treatment had such a long-
lasting effect. The difference between the treated and untreated animals remained
dramatic even two months later."

When the treated animals were vaccinated eight weeks later against a virus they
hadn't encountered before, their immune systems responded more vigorously than
untreated animals', and they were significantly better able to resist infection by that
virus. (In contrast, young mice used as controls passed all the challenges with flying
colors.)

"Every feature of an aging immune system -- functional markers on the cells, the
prevalence of inflammatory proteins, the response to vaccination and the ability to
resist a lethal infection -- was impacted by this single course of treatment targeting
just one cell type," Ross said.

Finally, the researchers showed that mouse and human myeloid-biased HSCs are
similar enough that it may one day be possible to use a similar technique to revitalize
aging human immune systems, perhaps making a person less vulnerable to novel
infections and improving their response to vaccination.

"We believe that this study represents the first steps in applying this strategy in
humans,” Ross said.

The study also has interesting implications for stem cell biology and the way HSCs
rely on biological niches, or specific neighborhoods of cells, for their longevity and
function throughout our lives.

"Most people in immunology have believed that you lose these kinds of tissue-
specific stem cells as you grow older,” Weissman said. "But that is completely
wrong. The problems arise when you start to favor one type of HSC over another.
And we've shown in mice that this can be reversed. This finding changes how we
think about stem cells during every stage of aging."



The study was funded by the National Institutes of Health (grants R35CA220434,
R01DK115600 and R01AI143889), the Virginia and D.K. Ludwig Fund for Cancer
Research, the RSNA Resident/Fellow Research Grant, a Stanford Cancer Institute
Fellowship grant, and the Ellie Guardino Research Fund.
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