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First mice engineered to survive COVID-19
like young, healthy humans

Model offers new ways to study disease impact and treatment approaches
Date:

November 1, 2023
Source:
NYU Langone Health / NYU Grossman School of Medicine

Summary:


https://www.sciencedaily.com/releases/2023/11/231101180522.htm

Researchers have genetically engineered the first mice that get a human-like form of
COVID-19, according to a new study.

FULL STORY

Researchers have genetically engineered the first mice that get a
human-like form of COVID-19, according to a study published
online November 1lin Nature.

Led by researchers from NYU Grossman School of Medicine, the new work created
lab mice with human genetic material for ACE2 -- a protein snagged by the
pandemic virus so it can attach to human cells as part of the infection.

The mice with this genetic change developed symptoms similar to young humans
infected with the virus causing COVID-19, instead of dying upon infection as had
occurred with prior mouse models.

"That these mice survive creates the first animal model that mimics the form of
COVID-19 seen in most people -- down to the immune system cells activated and
comparable symptoms," said senior study author Jef Boeke, the Sol and Judith
Bergstein Director of the Institute for Systems Genetics at NYU Langone Health.

"This has been a major missing piece in efforts to develop new drugs against this
virus."

"Given that mice have been the lead genetic model for decades," added Boeke,
"there are thousands of existing mouse lines that can now be crossbred with our
humanized ACE2 mice to study how the body reacts differently to the virus in
patients with diabetes or obesity, or as people age."

Problem of Large DNA

The new study revolves around a new method to edit DNA, the 3 billion "letters" of
the genetic code that serve as instructions for building our cells and bodies.

While famous techniques like CRISPR enable the editing of DNA editing just one or
a few letters at a time, some challenges require changes throughout genes that can
be up to 2 million letters long.

In such cases, it may be more efficient to build DNA from scratch, with far-flung
changes made in large swaths of code pre-assembled and then swapped into a cell
in place of its natural counterpart.

Because human genes are so complex, Boeke's lab first developed its "genome
writing" approach in yeast, one-celled fungi that share many features with human
cells but that are simpler and easier to study.

More recently, Boeke's team adapted their yeast techniques to the mammalian
genetic code, which is made up of not just of genes that encode proteins, but also of
many switches that turn on different genes at different levels in different cell types.



By studying this poorly understood "dark matter" that regulates genes, the research
team was able to design living mice with cells that had more human-like levels
of ACE gene activity for the first time.

The study authors used yeast cells to assemble DNA sequences of up to 200,000
letters in a single step, and then delivered these "naked" DNAs into mouse
embryonic stem cells using their new delivery method, mSwAP-In.

Overcoming the size limits of past methods, mSwAP-In delivered a humanized
mouse model of COVID-19 pathology by "overwriting” 72 kilobases (kb) of
mouse Ace2 code with 180 kb of the human ACE2 gene and its regulatory DNA.

To accomplish this cross-species swap, the study method cut into a key spot in the
DNA code around the natural gene, swapped in a synthetic counterpart in steps, and
with each addition, added a quality control mechanism so that only cells with the
synthetic gene survived.

The research team then worked with Sang Yong Kim at NYU's Rodent Genome
Engineering Lab using a stem cell technique called "tetraploid complementation” to
create a living mouse whose cells included the overwritten genes.

In addition, the researchers had previously designed a synthetic version of the
gene Trp53, the mouse version of the human gene TP53, and swapped it into mouse
cells.

The protein encoded by this gene coordinates the cell's response to damaged DNA,
and can even instruct cells containing it to die to prevent the build-up of cancerous
cells.

When this "guardian of the genome" itself becomes faulty, it is a major contributor to
human cancers.

Whereas the ACE2 experiments had swapped in an unchanged version of a human
gene, the synthetic, swapped-in Trp53 gene had been designed to no longer include
a combination of molecular code letters -- cytosine (C) next to guanine (G) -- known
to be vulnerable to random, cancer-causing changes.

The researchers overwrote key CG "hotspots” with code containing a different DNA
letter in adenine (A).

"The AG switch left the gene's function intact, but lessened its vulnerability to
mutation, with the swap predicted to lead to a 10-to-50 fold lower mutation rate," said
first author Weimin Zhang, PhD, a post-doctoral scholar in Boeke's lab.

"Our goal is to demonstrate in a living test animal that this swap leads to fewer
mutations and fewer resulting tumors, and those experiments are being planned.”

The work was funded by National Institutes of Health CEGS grant 1IRM1HG009491
and Perlmutter Cancer Center Support Grant P30CA016087. Boeke is a founder of
CDI Labs, Inc., a founder of Neochromosome, Inc.; a founder of ReOpen
Diagnostics, LLC, and serves or has served on the scientific advisory boards of
Logomix Inc., Modern Meadow, Inc., Rome Therapeutics, Inc., Sample6, Inc.,
Sangamo, Inc., Tessera Therapeutics, Inc. and the Wyss Institute. Boeke also
receives consulting fees and royalties from OpenTrons, and holds equity in the
company. These relationships are managed in accordance with the policies of NYU.



Story Source:

Materials provided by NYU Langone Health / NYU Grossman School of
Medicine. Note: Content may be edited for style and length.
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Female sex determining gene identified in
mice

Date:

November 2, 2023
Source:

The Francis Crick Institute

Summary:


https://www.sciencedaily.com/releases/2023/11/231102162539.htm

Researchers have identified a gene which is an early determining factor of ovary
development in mice.

FULL STORY

Researchers at the Francis Crick Institute and the Université Cote
d'Azur, together with other labs in France and Switzerland, have
iIdentified a gene which is an early determining factor of ovary
development in mice.

Typically, mice with XY sex chromosomes develop testes, and mice with XX
chromosomes develop ovaries.

Whether early gonads become ovaries or testes is due to cells either becoming
Sertoli cells for testes, or pregranulosa cells for ovaries.

This decision results from the coordinated activity of a set of genes, such as
the Sry gene on the Y chromosome which has a short window of time to drive testes
development.

If this doesn't happen, the gonads default to become ovaries.

In research published today in Science, the team investigated the role of another
gene, Wtl, in sex development in mice.

They produced mice with genetic alterations in this gene to understand its effect.

They found that one form of the WT1 protein (-KTS) was essential to gonad
formation, as in its absence, neither Sertoli cells nor granulosa cells could form in
both XY and XX mice.

They then looked at mice where Wtl1 was mutated to only make the -KTS form of the
protein.

Here the researchers saw that twice as much -KTS was produced to compensate for
the lack of other forms of the protein.

The higher amounts of -KTS reduced the expression of Sry in XY gonads and
increased genes involved in ovarian development.

The production of SRY never reached the level needed to trigger testes
development.

This meant that an XY mouse developed female gonads in the presence of too much
-KTS, showing that the -KTS form of WT1 is an early trigger for female gonad
development, regardless of XX or XY chromosomes.

In humans, mutations in WT1 can lead to Frasier syndrome, which causes impaired
kidney function and gonad development.

It impacts people with both XX and XY chromosomes, but notably leads to ovaries in
people with XY chromosomes, although these degenerate prior to birth.



Robin Lovell-Badge, Group Leader of the Stem Cell Biology and Developmental
Genetics Laboratory at the Crick, said: "We have known about Wt1 and its variants
for a long time, but the true role of the -KTS version has been hiding in plain sight
until now! This discovery should help us understand the very early stages of gonad
development when critical decisions that affect not only the fate of the gonad, but the
sex of the rest of the body, take place in just a few cells."

Marie-Christine Chaboissier, group leader in the Institut de Biologie Valrose, at the
Université Cote d'Azur, said: "When Sry, the testis determining gene, was identified
in the early nineties, it was hoped that the other main players involved in the choice
of making testes or ovaries would rapidly emerge. But although many other genes
required have gradually fallen into place, it has taken until now, with a collaborative
effort involving five European teams, to find an equivalent master ovarian
determinant. It is perhaps a little ironic that this long-sought factor is a variant of
the Wtl gene which was also described at the same time, however, with the
complexity of the gene and the system, we needed the modern tools of molecular
genetics to obtain the proof.”

Elodie Gregoire, a senior scientist ('ingenieure d'études’) in the Chaboissier lab at
Université Cote d'Azur, said: "Because the -KTS variant of WT1 acts so early, it
represents an ideal entry point to decipher the regulatory gene networks involved in
initiating ovary development, which may in turn help to identify the molecular and
genetic basis of spontaneous or unexplained disorders of sex development.”

As well as fulfilling an important piece of the puzzle for sex determination, this
discovery will help researchers understand how WT1 acts in other systems, like
kidney development and Wilms tumour, a type of kidney cancer. It may also give
clues to the mechanisms underlying how cell fate is decided more generally.

Story Source:

Materials provided by The Francis Crick Institute. Note: Content may be edited for
style and length.
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Reducing vitamin B5 slows breast cancer
growth in mice

Date:


https://www.sciencedaily.com/releases/2023/11/231109121427.htm

November 9, 2023
Source:

The Francis Crick Institute
Summary:

Researchers have discovered that breast cancer cells expressing a cancer-driving
gene heavily rely on vitamin B5 to grow and survive.

FULL STORY

A group of researchers led by the Francis Crick Institute, working
with the National Physical Laboratory (NPL) and Imperial College
London, have discovered that breast cancer cells expressing a
cancer-driving gene heavily rely on vitamin B5 to grow and survive.
The researchers are part of Cancer Grand Challenges team
Rosetta, funded by Cancer Research UK.

In their research published today in Nature Metabolism, the team studied the
metabolic effects of one of the major cancer-driving genes called Myc. In tumour
cells where Myc is highly expressed, it disturbs normal processes, drives cell growth
and also makes tumour cells dependent on certain nutrients.

These dependencies could be exploited as potential therapeutic targets, but it's hard
to appropriately identify and target metabolic dependencies in human tumours,
as Myc expression can vary throughout the tumour.

The researchers developed tumours inside mice with two different types of cells,
either with high or low levels of Myc. They also transplanted human breast cancer
tumour tissue into mice, which also had a mixture of Myc-high and Myc-low areas.

By using a technique called mass spectrometry imaging, the researchers saw that
vitamin B5 was associated with Myc-high areas of both mice and human
transplanted tumours. This association was also observed in biopsies taken from
patients with breast cancer.

They found that Myc increased the amount of a multivitamin transporter, which
allowed more vitamin B5 to enter the cells. When the researchers made the cells
produce more molecules which make up the transporter, more vitamin B5 entered
the cells, even in Myc-low cells. This was enough to enable faster growth of these
cells, just like Myc would normally do.

They then fed mice a vitamin B5-deficient diet, and saw that their Myc-low and Myc-
high mixed tumours grew more slowly than tumours in mice who were fed a standard
diet. This also happened in the human breast cancer tissue when transplanted into
the mice.



The researchers believe that this association with tumour growth is due to the key
role vitamin B5 plays in metabolism. Once taken into cells, it is converted into a
molecule called coenzyme A, which can then be used in lots of metabolic pathways.
This ultimately leads to more energy and the production of materials (like fats,
proteins and carbohydrates), enabling the cell to grow.

Although the study links vitamin B5 and tumour growth, it would be too simple to just
restrict vitamin B5 intake for people with cancer -- vitamins are also important for the
immune system to fight back against the tumour. The researchers are now devising
strategies to selectively weaken the tumours, without affecting the immune system,
to increase the likelihood of a favourable clinical outcome.

Peter Kreuzaler, former postdoctoral researcher in the Oncogenes and Tumour
Metabolism Laboratory at the Crick, and now Group Leader at the University of
Cologne, said: "Previously, tumour metabolism was measured in bulk, and couldn't
give too many insights into how areas of tumours use molecules like vitamins
differently. By using a specialised imaging technique with high resolution in this
study, we could see how metabolism differs across a tumour, and that taking away
just one vitamin stops a cascade of cancer-driving events. But it's not yet the full
picture -- the mice used in this study had a weakened immune system, so next steps
are to see the impact of removing vitamin B5 within a strong immune system."

Tracking vitamin B5 levels could also be used as a biomarker, to help researchers
and doctors understand the genetic makeup of a person's tumour. In collaboration
with King's College London, the team are also developing tracers for vitamin B5
which could be used to identify patients who are more likely to respond to Myc-
specific treatments in clinical trials.

Mariia Yuneva, senior group leader of the Oncogenes and Tumour Metabolism
Laboratory at the Crick, and co-investigator in the Cancer Grand Challenges Rosetta
team, said: "Many people have cancer which doesn't respond well to treatment or
where existing treatments are too toxic. Metabolic dependencies of tumours have
been explored as potential therapeutic targets in mouse models of cancer and
showed promise. However, human tumours are much more complex. It's important
we understand the role of different genetic profiles, and interactions between the
tumours and the body's own cells, to design effective therapies targeting tumour
metabolism in humans.

"Vitamin B5 is needed for normal body functions, so attempting to restrict access to
vitamin B5 to the tumour is a fine balance and could have toxic side effects. It is also
not an easy task as vitamin B5 is produced by microbes in the gut. But it would be
interesting to test how altering vitamin levels make a difference in treatment, or how
we can use vitamin B5 metabolism to characterise what type of tumour a person has
and whether it will respond to different treatments.”

Cancer Grand Challenges -- a global funding initiative co-founded by Cancer
Research UK and the National Cancer Institute in the US -- unites the world's
greatest minds to take on cancer's toughest challenges. Team Rosetta, which was
funded by Cancer Research UK, has been addressing the challenge of mapping
cancer at the molecular and cellular level, with the aim to transform how we
understand and treat cancer.



David Scott, Director of Cancer Grand Challenges, said: "It's fantastic to see how the
Rosetta team is applying the mass spectrometry imaging pipeline it has developed to
better understand tumour metabolism, revealing important insights into the effects of
vitamin B5 on tumour growth.

"At Cancer Grand Challenges, we are proud to support discovery science like this,
which we hope will ultimately be able to help inform new treatment strategies to
improve outcomes for people affected by cancer."

Story Source:

Materials provided by The Francis Crick Institute. Note: Content may be edited for
style and length.
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Researchers reveal that vitamin B12 significantly boosts the efficiency of cellular
reprogramming, thus holding promise for regenerative medicine. Vitamin B12
supplementation shows potential in speeding up tissue repair in a model of ulcerative
colitis -- an observation that points to potential new treatments for inflammatory
diseases.

FULL STORY

Vitamin B12 is a well-known micronutrient that has long been
acknowledged for its essential role in maintaining nerve function,
supporting red blood cell production, and facilitating DNA synthesis,
all vital processes for overall health. Researchers led by Dr. Manuel
Serrano at IRB Barcelona have now revealed that vitamin B12 also
plays a pivotal role in cellular reprogramming and tissue
regeneration. The findings have been published in the

journal Nature Metabolism.

The research was focused on an experimental process known as cellular
reprogramming which is thought to mimic the early phases of tissue repair.

The IRB team found that cellular reprogramming in mice consumes large amounts of
vitamin B12.

Indeed, the depletion of vitamin B12 becomes a limiting factor that delays and
impairs some aspects of the reprogramming process.

Considering the abundance of vitamin B12 in the normal diet of mice, the
investigators were surprised to observe that the simple supplementation of vitamin
B12 significantly enhanced the efficiency of reprogramming.

Therapeutic potential in ulcerative colitis

The researchers validated their findings in a model of ulcerative colitis,
demonstrating that the intestinal cells initiating repair undergo a process similar to
cellular reprogramming and also benefit from vitamin B12 supplementation.

Patients with intestinal bowel disease could potentially benefit from vitamin B12
supplementation.

"Our research uncovers a critical role of vitamin B12 in cellular reprogramming and
tissue repair. These findings hold promise for regenerative medicine, with the
potential to benefit patients through an improved nutrition,” says Dr. Manuel Serrano.

Understanding the role of vitamin B12 in cellular reprogramming

In this study, the researchers delved into the metabolic requirements of cellular
reprogramming and found that vitamin B12 is a limiting factor for a particular branch
of metabolism involved in a reaction known as methylation.



Precisely, the DNA of the cells initiating reprogramming or tissue repair require very
high levels of this methylation reaction and therefore of vitamin B12.

The researchers discovered that vitamin B12 insufficiency during reprogramming or
tissue repair resulted in significant epigenetic changes, leading to errors in the
function of multiple genes.

"Supplementation with vitamin B12 corrected this imbalance, resulting in enhanced
gene function fidelity and overall improved reprogramming efficiency," confirms Dr.
Marta Kovatcheva, first author of the study and a postdoctoral researcher in the
same laboratory.

Dr. Kovatcheva will open a new laboratory in 2024 at the Istituto Fondazione di
Oncologia Molecolare ETS (IFOM) in Milan, Italy, which will be focused on the study
of partially reprogrammed cells in vivo.

Separate study links vitamin B12 to lower inflammation

The group led by Dr. Serrano has recently published another study, in collaboration
with the laboratory of Dr. Rosa Lamuela-Raventds at the University of Barcelona
(UB), and Dr. Ramon Estruch at the Hospital Clinic of Barcelona, in which they
concluded that people with higher levels of vitamin B12 in blood had lower levels of
inflammatory markers (IL-6 and CRP). The researchers also observed a similar
relationship in aged mice.

These observations suggest that vitamin B12 exerts anti-inflammatory action by
reducing these markers in the body and they provide valuable insights into the
potential health benefits of vitamin B12.

This research project was conducted in collaboration with the groups of Dr. Guido
Kroemer at the Institut Gustave Roussy (in France), the laboratory led by Dr. Oscar
Yanes at the Universitat Rovira i Virgili (Spain), IRB Barcelona's Bioinformatics and
Biostatistics Core Facility, led by Dr. Camille Stephan-Otto Attolini and the
Histopathology Core Facility, led by Dr. Neus prats both at IRB Barcelona and the
University of Barcelona.

Dr. Manuel Serrano is presently working at Altos Labs, Cambridge, UK.

The project has received funding from the following agencies: the Barcelona Institute
of Science and Technology (BIST); the Asociacion Espafiola Contra el Cancer
(AECC); the European Molecular Biology Organization (EMBO); the Karolinska
Institute, the Swedish Research Council; the Ligue contre le Cancer; the Agence
National de la Recherche (ANR); the Association pour la recherche sur le cancer
(ARC); the Fondation pour la Recherche Médicale (FRM); the European Joint
Programme on Rare Diseases (EJPRD); the European Research Council (ERC); the
Institut National du Cancer (INCa); the Institut Universitaire de France; the Mark
Foundation; the Seerave Foundation; "la Caixa" Foundation; the Milky Way
Research Foundation; the Spanish Ministry of Science, the European Regional
Development Fund (ERDF); and the Secretaria d'Universitats i Recerca del

Story Source:



Materials provided by Institute for Research in Biomedicine (IRB
Barcelona). Note: Content may be edited for style and length.

Journal Reference:

1. Marta Kovatcheva, Elena Melendez, Dafni Chondronasiou, Federico Pietrocola,
Raquel Bernad, Adria Caballe, Alexandra Junza, Jordi Capellades, Adrian Holguin-
Horcajo, Neus Prats, Sylvere Durand, Meritxell Rovira, Oscar Yanes, Camille
Stephan-Otto Attolini, Guido Kroemer, Manuel Serrano. Vitamin B12 is a limiting
factor for induced cellular plasticity and tissue repair. Nature Metabolism, 2023;

DOI: 10.1038/s42255-023-00916-6



https://www.irbbarcelona.org/en/news/scientific/vitamin-b12-key-player-cellular-reprogramming-and-tissue-regeneration
https://www.irbbarcelona.org/en
https://www.irbbarcelona.org/en
http://dx.doi.org/10.1038/s42255-023-00916-6

5. SHATVTFDERMN, FILINAI—IROREIRIVEBEDHH LA

B{t:2023 & 11 A 16 H
V=R I¥YFa—yYIFHKE
B

Dx—FILIGLIAJICHEBHIN-COMEIL. RO RZEMBTHASIIVRT T DI INY
BEEREIELIMTHYLGHORNEGEGFEEN. TILINAI—RORIE IR V& &
AT BIIEDLAREMENHEIZEEEDILEDTH S, MIT D Picower Institute for
Learning and Memory DI ERESIZLBEHLLVHAETIX. COEEMNIHIOST ) 7D HEE
ERLGVD.BEZOIILEVWIRINELHONEFELGGRBALTL S,

COMETIE. TREM2 2V /XU BE D RATH/+EREZH DELDIYATYTHRTILYINA
I—EDREICEAET DI OMDRIEERTEFHALSMIILTWS, EERI/OY
D7 IEREZSITREILOTL FABEEGIIHTINENEBLL 7EIAMRR—24E
DEELGYMEZRET HEENDEL,

T HARESA REM2 ZEDOEFSI/OTYTEY IV ADRICHBELE-HER. VTR
(Z2a—a ED2ENY) DEAZELIREDLIZA . CHILRIEGE DR EEE T 50
REMEAH D, COFREIL TREM2 RATH/+EENTILIYNAI—RIZEDLSIITHFET S
NERSROMAETIEEVELOD., FIf-GIUN LYV FENEBEFIRELTWS,

MEEE—_1—R/MDrYyTR—JIZRS

< X >How a mutation in microglia elevates Alzheimer's risk (medicalxpress.com)

How a mutation in microglia elevates
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Bright green staining highlights human microglia implanted in the hippocampus region of the brain
of a mouse. Credit: Jay Penney/MIT Picower Institute

A rare but potent genetic mutation that alters a protein in the brain’s immune cells,
known as microglia, can give people as much as a three—fold greater risk of developing
Alzheimer's disease. A new study by researchers in The Picower Institute for Learning
and Memory at MIT details how the mutation undermines microglia function, explaining
how it seems to generate that higher risk.

“This TREM2 R47H/+ mutation is a pretty important risk factor for Alzheimer's disease,”
said study lead author Jay Penney, a former postdoc in the MIT lab of Picower Professor
Li—Huei Tsai. Penney is now an incoming assistant professor at the University of Prince
Edward Island. “This study adds clear evidence that microglia dysfunction contributes to
Alzheimer's disease risk.”

In the study in the journal GL/A, Tsai and Penney’s team shows that human microglia with
the R47H/+ mutation in the TREM2 protein exhibit several deficits related to Alzheimer’'s
pathology. Mutant microglia are prone to inflammation yet are worse at responding to
neuron injury and less able to clear harmful debris including the Alzheimer’s hallmark
protein amyloid beta.

And when the scientists transferred TREM2 mutant human microglia into the brains of
mice, the mice suffered a significant decline in the number of synapses, or connections
between their neurons, which can impair the circuits that enable brain functions such as
memory.


https://medicalxpress.com/tags/microglia/
https://onlinelibrary.wiley.com/doi/10.1002/glia.24485

The study is not the first to ask how the TREM2 R47H/+ mutation contributes to
Alzheimer’s, but it may advance scientists’ emerging understanding, Penney said. Early
studies suggested that the mutation simply robbed the protein of its function, but the new
evidence paints a deeper and more nuanced picture. While the microglia do exhibit
reduced debris clearance and injury response, they become overactive in other ways,
such as their overzealous inflammation and synapse pruning.

“There is a partial loss of function but also a gain of function for certain things,” Penney
said.

Misbehaving microglia

Rather than rely on mouse models of TREM2 R47H/+ mutation, Penney, Tsai and their
co—authors focused their work on human microglia cell cultures. To do this they used a
stem cell line derived from skin cells donated by a healthy 75—year—old woman. In some of
the stem cells they then used CRISPR gene editing to insert the R47H/+ mutation and
then cultured both edited and unedited stem cells to become microglia.

This strategy gave them a supply of mutated microglia and healthy microglia, to act as
experimental controls, that were otherwise genetically identical.

Control TREMZ2 R47H/+

Green staining in hippocampus tissue indicates levels of a protein associated with synapses. The
staining is noticeably brighter in a mouse that received healthy human microglia (control) compared
to in a mouse that received mutant microglia. Credit: Jay Penney/MIT Picower Institute
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The team then looked to see how harboring the mutation affected each cell line's
expression of its genes. The scientists measured more than 1,000 differences but an
especially noticeable finding was that microglia with the mutation increased their
expression of genes associated with inflammation and immune responses.

Then, when they exposed microglia in culture to chemicals that simulate infection, the
mutant microglia demonstrated a significantly more pronounced response than normal
microglia, suggesting that the mutation makes microglia much more inflammation—prone.

In further experiments with the cells, the team exposed them to three kinds of the debris
microglia typically clear away in the brain: myelin, synaptic proteins and amyloid beta. The
mutant microglia cleared less than the healthy ones.

Another job of microglia is to respond when cells, such as neurons, are injured. Penney
and Tsai's team co—cultured microglia and neurons and then zapped the neurons with a
laser. For the next 90 minutes after the injury the team tracked the movement of
surrounding microglia. Compared to normal microglia, those with the mutation proved less
likely to head toward the injured cell.

Finally, to test how the mutant microglia act in a living brain, the scientists transplanted
mutant or healthy control microglia into mice in a memory—focused region of the brain
called the hippocampus. The scientists then stained that region to highlight various
proteins of interest. Having mutant or normal human microglia didn't matter for some
measures, but proteins associated with synapses were greatly reduced in mice where the
mutated microglia were implanted.

By combining evidence from the gene expression measurements and the evidence from
microglia function experiments, the researchers were able to formulate new ideas about
what drives at least some of the microglial misbehavior. For instance, Penney and Tsai's
team noticed a decline in the expression of a “purinergic” receptor protein involving
sensing neuronal injury perhaps explaining why mutant microglia struggled with that task.

They also noted that mice with the mutation overexpressed “complement” proteins used
to tag synapses for removal. That might explain why mutant microglia were overzealous
about clearing away synapses in the mice, Penney said, though increased inflammation
might also cause that by harming neurons overall.

As the molecular mechanisms underlying microglial dysfunction become clearer, Penney

said, drug developers will gain critical insights into ways to target the higher disease risk
associated with the TREM2 R47H/+ mutation.

“Our findings highlight multiple effects of the TREM2 R47H/+ mutation likely to underlie
its association with Alzheimer’s disease risk and suggest new nodes that could be
exploited for therapeutic intervention,” the authors conclude.


https://medicalxpress.com/tags/molecular+mechanisms/

More information: Jay Penney et al, iPSC-derived microglia carrying the TREM2 R47H/+
mutation are proinflammatory and promote synapse loss, GLIA (2023). DOI:
10.1002/glia.24485
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Study reveals surprising link between
malnutrition and rising antibiotic resistance

Peer-Reviewed Publication

UNIVERSITY OF BRITISH COLUMBIA

University of B.C. researchers have uncovered startling connections between micronutrient
deficiencies and the composition of gut microbiomes in early life that could help explain why resistance

to antibiotics has been rising across the globe.

The team investigated how deficiencies in crucial micronutrients such as vitamin A, B12, folate, iron,
and zinc affected the community of bacteria, viruses, fungi and other microbes that live in the

digestive system.

They discovered that these deficiencies led to significant shifts in the gut microbiome of mice—most

notably an alarming expansion of bacteria and fungi known to be opportunistic pathogens.



https://www.eurekalert.org/news-releases/1008490
https://www.eurekalert.org/releaseguidelines

Importantly, mice with micronutrient deficiencies also exhibited a higher enrichment of genes that have

been linked to antibiotic resistance.

“Micronutrient deficiency has been an overlooked factor in the conversation about global antibiotic
resistance,” said Dr. Paula Littlejohn, a postdoctoral research fellow with UBC's department of medical
genetics and department of pediatrics, and the BC Children’ s Hospital Research Institute. “This is a
significant discovery, as it suggests that nutrient deficiencies can make the gut environment more

conducive to the development of antibiotic resistance, which is a major global health concern.”

Bacteria naturally possess these genes as a defence mechanism. Certain circumstances, such as
antibiotic pressure or nutrient stress, cause an increase in these mechanisms. This poses a threat
that could render many potent antibiotics ineffective and lead to a future where common infections

could become deadly.

Antibiotic resistance is often attributed to overuse and misuse of antibiotics, but the work of Dr.
Littlejohn and her UBC colleagues suggests that the 'hidden hunger’ of micronutrient deficiencies is

another important factor.

“Globally, around 340 million children under five suffer from multiple micronutrient deficiencies, which
not only affect their growth but also significantly alter their gut microbiomes,” said Dr. Littlejohn. “Our
findings are particularly concerning as these children are often prescribed antibiotics for malnutrition—
related illnesses. Ironically, their gut microbiome may be primed for antibiotic resistance due to the

underlying micronutrient deficiencies.”

The study, published this week in Nature Microbiology, offers critical insights into the far—reaching
consequences of micronutrient deficiencies in early life. It underscores the need for comprehensive
strategies to address undernutrition and its ripple effects on health. Addressing micronutrient
deficiencies is about more than overcoming malnutrition, it may also be a critical step in fighting the

global scourge of antibiotic resistance.
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A new study in mice shows that cutting down the amount of a single amino acid
called isoleucine can, among other benefits, extend their lifespan, make them leaner
and less frail as they age and reduce cancer and prostate problems, all while the
mice ate more calories.

FULL STORY

A new study in mice, published recently in the journal Cell
Metabolism, shows that cutting down the amount of a single amino
acid called isoleucine can, among other benefits, extend their
lifespan, make them leaner and less frail as they age and reduce
cancer and prostate problems, all while the mice ate more calories.

There's a popular saying in some circles that "a calorie is a calorie," but science
shows that it may not be true. In fact, it may be possible to eat more of some kinds of
calories while also improving your health.

"We like to say a calorie is not just a calorie,” says Dudley Lamming, a professor and
metabolism researcher at the University of Wisconsin School of Medicine and Public
Health. "Different components of your diet have value and impact beyond their
function as a calorie, and we've been digging in on one component that many people
may be eating too much of."

Lamming is the lead author of a new study in mice, published recently in the

journal Cell Metabolism, showing that cutting down the amount of a single amino
acid called isoleucine can, among other benefits, extend their lifespan, make them
leaner and less frail as they age and reduce cancer and prostate problems, all while
the mice ate more calories.

Amino acids are the molecular building blocks of proteins, and Lamming and his
colleagues are interested in their connection to healthy aging.

In earlier research, data from UW-Madison's Survey of the Health of Wisconsin
showed the scientists that Wisconsinites with higher body mass index
measurements (higher is more overweight or obese) tend to consume more
isoleucine, an essential amino acid everyone needs to eat. Isoleucine is plentiful in
foods including eggs, dairy, soy protein and many kinds of meat.

To better understand its health effects, Lamming and collaborators from across
disciplines at UW-Madison fed genetically diverse mice either a balanced control
diet, a version of the balanced diet that was low in a group of about 20 amino acids,
or a diet formulated to cut out two-thirds of the diet's isoleucine. The mice, which
began the study at about 6 months of age (equivalent to a 30-year-old person) got to
eat as much as they wanted.

"Very quickly, we saw the mice on the reduced isoleucine diet lose adiposity -- their
bodies got leaner, they lost fat,” says Lamming, while the bodies of the mice on the
low-amino-acid diet also got leaner to start, but eventually regained weight and fat.



Mice on the low-isoleucine diet lived longer -- on average 33% longer for males and
7% longer for females. And, based on 26 measures of health, including assessments
ranging from muscle strength and endurance to tail use and even hair loss, the low-
isoleucine mice were in much better shape during their extended lives.

"Previous research has shown lifespan increase with low-calorie and low-protein or
low-amino-acid diets starting in very young mice," says Lamming, whose work is
supported by the National Institutes of Health. "We started with mice that were
already getting older. It's interesting and encouraging to think a dietary change could
still make such a big difference in lifespan and what we call 'healthspan,' even when
it started closer to mid-life."

The mice on the low-isoleucine diets chowed down, eating significantly more calories
than their study counterparts -- probably to try to make up for getting less isoleucine,
according to Lamming. But they also burned far more calories, losing and then
maintaining leaner body weights simply through adjustments in metabolism, not by
getting more exercise.

At the same time, Lamming says, they maintained steadier blood sugar levels and
male mice experienced less age-related prostate enlargement. And while cancer is
the leading cause of death for the diverse strain of mice in the study, the low-
isoleucine males were less likely to develop a tumor.

Dietary amino acids are linked to a gene called mTOR that appears to be a lever on
the aging process in mice and other animals as well as to a hormone that manages
the body's response to cold and has been considered a potential diabetes drug
candidate for human patients. But the mechanism behind the stark benefits of low-
isoleucine intake is not well understood. Lamming thinks the new study's results may
help future research pick apart causes.

"That we see less benefit for female mice than male mice is something we may be
able to use to get to that mechanism,” he says.

While the results are promising, humans do need isoleucine to live. And winnowing a
significant amount of isoleucine out of a diet that hasn't been preformulated by a
mouse chow company is not an easy task.

"We can't just switch everyone to a low-isoleucine diet," Lamming says. "But
narrowing these benefits down to a single amino acid gets us closer to
understanding the biological processes and maybe potential interventions for
humans, like an isoleucine-blocking drug."

The Survey of the Health of Wisconsin showed that people vary in isoleucine intake,
with leaner participants tending to eat a diet lower in isoleucine. Other data from
Lamming's lab suggest that overweight and obese Americans may be eating
significantly more isoleucine than they need.

"It could be that by choosing healthier foods and healthier eating in general, we
might be able to lower isoleucine enough to make a difference," Lamming says.

This research was funded in part by grants from the National Institutes of Health
(AG056771, AG062328, AG081482, AG084156, DK125859, F31AG066311,
R0O1AG062328-03S1, F31AG081115, F31AG082504, T32AG000213,
F32AG077916, RF1IAG056771-06S1, KO1AG059899, R01DK133479,
P30DK020579, K12HD101368, RO1AA029124, P30 CA014520, P50DE026787,



U54DK104310, R01DK131175 and P30CA014520) and the U.S. Department of
Veterans Affairs (101-BX004031).
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Lowering a form of brain cholesterol reduces
Alzheimer's-like damage in mice

Targeting cholesterol potentially could help treat Alzheimer's, related
dementias
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Summary:

Researchers have found that a form of cholesterol known as cholesteryl esters builds
up in the brains of mice with Alzheimer's-like disease, and that clearing out the
cholesteryl esters helps prevent brain damage and behavioral changes.

FULL STORY

In Alzheimer's disease and related dementias, cognitive decline is
driven by the overaccumulation of a normal brain protein known as
tau. Wherever tau builds up, nearby brain tissue starts to
degenerate and die.

Now, researchers at Washington University School of Medicine in St. Louis have
found -- in mice -- that Alzheimer's-like tau deposits in the brain lead to the
accumulation of a form of cholesterol known as cholesteryl esters, and that lowering
cholesteryl ester levels helps prevent brain damage and behavioral changes.

"This has important therapeutic implications,” said senior author David M. Holtzman,
MD, the Barbara Burton and Reuben M. Morriss Il Distinguished Professor of
Neurology.

"The compound we used in this study has side effects that make it unsuitable for use
in people. But if you could develop a therapy that reduces cholesteryl esters inside
brain cells without unacceptable side effects, it would be a promising candidate to
test in neurodegenerative diseases."

The findings are published Nov. 22 in the journal Neuron.
The link between cholesterol and dementia is not as far-fetched as it might seem.

The biggest genetic risk factor for Alzheimer's is APOE, a gene involved in activating
the brain's immune cells.

When such cells are activated in the wrong way or at the wrong time, they can
damage brain tissue.

But APOE also has another important job in the body: It carries cholesterol and other
lipids around in the blood.

In this capacity, it plays a role in atherosclerosis.

To investigate the connections between APOE, lipids and brain damage, Holtzman
and first author Alexandra Litvinchuk, PhD, a postdoctoral researcher, studied mice
with a high-risk tau gene that predisposes them to accumulate tau in their brains.

Such mice start developing signs of neurodegeneration around 6 months of age.



By 9% months, their brains are severely damaged, and they no longer are able to
complete ordinary tasks of mouse life such as properly building a nest.

The mice also carried a second genetic modification: Their own APOE genes had
been removed and either replaced with a variant of the human APOE gene -

- APOE3, which confers an average risk of Alzheimer's; or APOE4, which doubles or
triples the risk of Alzheimer's -- or not replaced at all.

Investigation revealed that APOEA4 is linked to distorted lipid metabolism in the brain.

In 9%2-month-old tau mice carrying APOE4, the same brain areas that became
atrophied and damaged also amassed excess lipids, and in a strange pattern.

Levels of more than 180 kinds of lipids were altered. Among the most striking
differences was that immune cells known as microglia in those areas were filled to
the brim with cholesteryl esters.

APOE3 did not have the same effect. The measurement of the brain lipids was done
in collaboration with scientists at the company Denali Therapeutics led by Gilbert Di
Paolo, PhD.

"Microglia filled up with lipids become hyperinflammatory and start secreting things
that are not good for the brain," Holtzman said.

Therefore, clearing out lipids potentially could reduce brain inflammation and
neurodegeneration, he said.

To find out, Litvinchuk and Holtzman used an LXR agonist, a member of an
experimental class of drugs that lowers lipid levels in cells.

The researchers fed the drug, called GW3965, to tau mice carrying APOEA4, starting
at 6 months of age.

The mice were assessed at 9% months, by which point their brains normally would
have sustained considerable damage.

Mice that had received the drug retained significantly more brain volume than those
that had received a placebo.

They also had lower levels of tau, fewer inflammatory cells and less inflammation,
less loss of synapses in their brains, and were better at building nests.

Further investigation revealed that the LXR agonist works by upregulating a gene
called Abcal that helps move cholesterol and other lipids out of cells.

Using genetic methods to increase Abcal levels had the same effect as drug
treatment: less lipid accumulation, lower levels of tau, less inflammation and reduced
neurodegeneration.

"What's exciting is that we see all these effects in an animal model that shares a lot
of features with human neurodegenerative diseases," Holtzman said.

"It shows that this kind of approach could have a lot of promise."”

One major obstacle stands in the way of translating this approach to people,
Holtzman added.



LXR agonists also affect lipid metabolism in the liver, and so they tend to cause fatty
liver disease.

Chemists are hard at work trying to design LXR agonists without that side effect.

If they succeed, the resulting drugs may have benefits for heart disease as well as
brain disease.

"There's a lot of similarity between the mechanism that's driving immune cells to
damage the brain in Alzheimer's disease and the one that's driving the same kinds of
immune cells to cause vascular damage in atherosclerosis," Holtzman said. "In both
cases, lipids accumulate in immune cells, causing them to become
hyperinflammatory and damage nearby tissues. Getting rid of that lipid accumulation
may have double benefits for human health."
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