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The mice were housed in an enriched environment, which consisted of 60 interconnected
cages, from age 6 weeks to 23 weeks and were then moved to standard cages after 4
months. Living in the enriched environment improved several measures of metabolism,
which are known risk factors for AD. Credit: Biological Psychiatry

About two-thirds of the risk for Alzheimer's disease (AD) is thought to arise from
genetic influences, but about a third could be influenced by environment and
lifestyle, opening the door for behavioral interventions that could delay or prevent
pathophysiological changes that occur with AD. Now a new study in a mouse model
of AD examines the effects of environmental enrichment on AD symptom
progression and pathology. The study appears in Biological Psychiatry.

Gerd Kempermann, Ph.D., from the German Center for Neurodegenerative Diseases
in Dresden, Germany, and senior author of the study, emphasized the importance of
studying the early stages of disease, when interventions might be most effective.

Dr. Kempermann commented, "AD does not start when the symptoms become
obvious. There is a decades-long silent period, during which the pathology
progresses undetected. Clinicians and researchers have become increasingly
interested in what happens during this phase."

To study this early pathology, Dr. Kempermann and colleagues used a mouse model
of AD that replicates this silent period. The model contains several mutations
associated with human AD in the gene encoding amyloid precursor protein (App).
These AppN~F mice develop toxic amyloid-beta plaques by age 6 months

and cognitive impairment by 18 months.

Dr. Kempermann said, "However, we discovered that there are already subtle but
important behavioral changes long before the first plaques appear, and the cognitive
deficits become detectable."

The mice were housed in an enriched environment, which consisted of 60
interconnected cages, from age 6 weeks to 23 weeks and were then moved to
standard cages after 4 months. Living in the enriched environment improved several
measures of metabolism, which are known risk factors for AD.
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Dr. Kempermann explained, "The [AD model] mice in our study showed a reduction in
individual behaviors. They became more similar and more rigid. As this
individualization is to a large degree driven by individual behavior and depends on
brain plasticity, we can conclude that the affected mice had behavioral deficits very
early in the course of the disease. They did not respond normally to the offerings of
their environment."

"This finding is important, because it will help us to understand how we can best
tailor preventive measures during the pre-clinical phase. It also underscores that
prevention has to start early."

The researchers also examined markers of neurogenesis in the mice. Paradoxically,
the AppN-F mice had higher rates of neurogenesis than control mice, which is
interpreted as a failing attempt at compensation and as paradoxically
counterproductive. This overshooting compensation was normalized by exposure to
enrichment.

John Krystal, MD, Editor of Biological Psychiatry, said of the work, "This novel study
suggests that environmental enrichment may reduce the early accumulation of
amyloid plaques in a mouse model of AD. This insight may suggest a strategy for
delaying the development of symptoms associated with this disorder."

More information: Fanny Ehret et al, Pre-symptomatic reduction of individuality in
the App NL-F knock-in model of Alzheimer's disease, Biological
Psychiatry (2023). DOI: 10.1016/j.biopsych.2023.04.009

Journal information: Biological Psychiatry

Provided by Elsevier
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PAINTing a wound-healing ink into cuts with a
3D-printing pen
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This 3D printing pen is painting a gel that can help wounds of all shapes heal quickly and
effectively. Credit: Adapted from ACS Applied Materials & Interfaces, 2023, DOI:

10.1021/acsami.3c03630

The body is pretty good at healing itself, though more severe wounds can require
bandages or stitches. But researchers publishing in ACS Applied Materials &
Interfaces have developed a wound-healing ink that can actively encourage the body
to heal by exposing the cut to immune-system vesicles. The ink can be spread into a
cut of any shape using a 3D-printing pen, and in mice, the technology nearly
completely repaired wounds in just 12 days.

When the skin is cut or torn, the body's natural "construction crew" kicks in to fix it
back up—clearing out any bacterial invaders, regrowing broken blood vessels and
eventually forming a scar. Many techniques used to heal wounds can't do much
beyond helping the body do its job better. Bandages or stitches are used to prevent
further bleeding, while antibiotics work to prevent complications from infections.

But by adding members of the construction crew to a wound-healing treatment or
bandage, it could actually accelerate the natural healing process. Specifically, white
blood cells or the extracellular vesicles (EVs) secreted from them play important
roles in promoting blood vessel formation and reducing inflammation during healing.
So, Dan Li, Xianguang Ding and Lianhui Wang wanted to incorporate these EVs into a
hydrogel-based wound healing ink that could be painted into cuts of any shape.

The team developed a system called PAINT, or "portable bioactive ink for tissue
healing," using EVs secreted from macrophages combined with sodium alginate.
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These components were combined in a 3D-printing pen, where they mixed at the
pen's tip and formed a sturdy gel at the site of injury within three minutes.

The EVs promoted blood vessel formation and reduced inflammatory markers in
human epithelial cells, shifting them into the "proliferative," or growth, phase of
healing. PAINT was also tested on injured mice, where it promoted collagen fiber
formation. Mice treated with PAINT had almost healed completely from a large
wound after 12 days, compared to mice that didn't receive the treatment, who were
not nearly as far along in the healing process at this time point.

The researchers say that this work could help heal a wide variety of cuts quickly and
easily, without the need for complex procedures.

More information: Li Li et al, Paintable Bioactive Extracellular Vesicle Ink for Wound
Healing, ACS Applied Materials & Interfaces (2023). DOI: 10.1021/acsami.3c03630

Journal information: ACS Applied Materials and Interfaces
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Chemists develop a new class of antibiotics to
fight resistant bacteria
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Structural model of the Lpt machinery.(A) Protein assembly of the Lpt in Gram-negative bacteria.
(B) Schematic representation of the postulated mode of action based on this work: Thanatin
inhibits the LptA-LptA and LptC-LptA protein-protein interactions and disassembles the Lpt

periplasmic protein bridge. Note that two LptA molecules are depicted although the exact number

is unknown. Credit: Science Advances (2023). DOI: 10.1126/sciadv.adg3683

Health professionals are in urgent need of new antibiotics to tackle resistant bacteria.
Researchers at the University of Zurich and the company Spexis have now modified the
chemical structure of naturally occurring peptides to develop antimicrobial molecules that
bind to novel targets in the bacteria’s metabolism.

Each year, more than five million people worldwide die as a result of bacteria that are
resistant to most common antibiotics. New antibiotics are urgently needed to ensure that
bacterial infections in patients can still be treated successfully. “Unfortunately, the
development pipeline for new antibiotics is fairly empty,” says chemist Oliver Zerbe, head
of the NMR facilities at the University of Zurich. “It's been more than 50 years since the
last antibiotics against previously unused target molecules were approved.”

In a study recently published in Science Advances, Zerbe now discusses the development
of a highly effective class of antibiotics that fight Gram—negative bacteria in a novel way.
The WHO classifies this group of bacteria as extremely dangerous. The group, whose
resistance is particularly high due to their double cell membrane, includes carbapenem—
resistant enterobacteria, for example. Besides the UZH team, researchers from the
pharmaceutical company Spexis AG were also involved in the study.

Natural peptide chemically optimized

The starting point for the researchers’ study was a naturally occurring peptide called
thanatin, which insects use to fend off infections. Thanatin disrupts an important


https://phys.org/tags/bacteria/

lipopolysaccharide transport bridge between the outer and inner membrane of Gram—
negative bacteria, as revealed a few years ago in a study by now retired UZH professor
John Robinson.

As a result, these metabolites build up inside the cells, and the bacteria perish. However,
thanatin isn't suitable for use as an antibiotic drug, among other things due to its low
effectiveness and because bacteria quickly become resistant to it.

The researchers therefore modified the chemical structure of thanatin to enhance the

peptide’'s characteristics. “To do this, structural analyses were essential,” says Zerbe. His
team synthetically assembled the various components of the bacterial transport bridge
and then used nuclear magnetic resonance (NMR) to visualize where and how thanatin

binds to and disrupts the transport bridge.

Using this information, researchers from Spexis AG planned the chemical modifications
that were necessary to boost the peptide’s antibacterial effects. Further mutations were
made to increase the molecule’s stability, among other things.

Effective, safe and immune to resistance

The synthetic peptides were then tested in mice with bacterial infections—and yielded
outstanding results. “The novel antibiotics proved very effective, especially for treating
lung infections,” says Zerbe. “They are also highly effective against carbapenem—
resistant enterobacteria, where most other antibiotics fail.”

In addition, the newly developed peptides aren’t toxic or harmful to the kidneys, and they
also proved stable in the blood over a longer period—all of which are properties that are
required for gaining approval as a drug. However, further preclinical studies are needed
before the first tests in humans can begin.

When choosing the most promising peptides for their study, the researchers made sure
that they would also be effective against bacteria that have already developed resistance
to thanatin. “We're confident this will significantly slow down the development of
antibacterial resistance,” says Zerbe. “We now have the prospect of a new class of
antibiotics becoming available that is also effective against resistant bacteria.”

More information: Matthias Schuster et al, Peptidomimetic antibiotics disrupt the
lipopolysaccharide transport bridge of drug—resistant Enterobacteriaceae, Science
Advances (2023). DOI: 10.1126/sciadv.adg3683

Journal information: Science Advances

Provided by University of Zurich
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A new clue to endometriosis, an agonizing and
poorly understood disease
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Early findings suggest common bacteria play a role in the chronic
condition, which causes extreme pain and potential infertility

By Sabrina Malhi

June 14, 2023 at 2:00 p.m. EDT

More than 6 million American women have endometriosis, a chronic condition that causes extreme
pain and infertility.

Emerging research points to a possible link between endometriosis, a chronic disease
that causes debilitating pain, and bacteria commonly found in the mouth and
gastrointestinal tract.

Endometriosis has baffled physicians for years. The condition affects roughly 10
percent of women worldwide and more than_11 percent in the United States. Scientists
have theorized about possible triggers, but for now the root cause is largely unknown,
which means treatment options are limited.

In a study published Wednesday in the journal Science Translational Medicine, Japanese
researchers examined vaginal swab samples from 155 women — 76 healthy women
and 79 women with endometriosis. They found that 64 percent of the women with
endometriosis tested positive for bacteria in the genus fusobacterium in their uterine
lining, while less than 10 percent of the healthy women carried the bacteria there.
After the initial discovery, researchers used mouse models to investigate the link
further. They found an increase in endometriotic lesions after injecting mice with
fusobacterium. When they gave antibiotics to the mice, the lesions’ number and weight
declined significantly.

Some strains of fusobacterium are harmless, but others can cause severe infections in
humans. Fusobacterium are associated with oral diseases such as periodontitis and
tonsillitis, but this is the first time the bacteria have been linked to problems with the
female reproductive system.

Yutaka Kondo, one of the study authors and a cancer biologist from Nagoya University
Graduate School of Medicine in Japan, described the discovery as groundbreaking in the
field of women’s health care.

“Previously, nobody thought that endometriosis came from a bacterial infection, so this
is a very new idea,” Kondo said.

Endometriosis is a condition in which tissues similar to those in the uterine lining grow
outside the uterus. The lesions cause excruciating menstrual cramps and digestive
issues and can lead to infertility. Previous research attributed the affliction to
retrograde menstruation, a genetic predisposition or hormones, though no one knows
the exact cause.

Birth control, a hormonal option that stops a person’s menstruation, is one of the
treatments for endometriosis. But it is only effective when a person is taking the pill.
Once they stop the medication to try to get pregnant, the pain resumes. And since 30 to
50 percent of people with endometriosis experience infertility, they are likely to spend
months trying to get pregnant while living in excruciating pain.

The only “cure” for endometriosis is removing a person’s reproductive organs.
“Medicine puts a Band-Aid on it,” said Allison K. Rodgers, a reproductive endocrinologist
at the Fertility Centers of Illinois who was not involved with the study.
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“I can give you medicine to stop your periods; I can give you birth control pills; I can
give you pain meds; I can cut it out with surgery,” she said. “But we haven’t figured out
the why, and once we start figuring out the why, we’ll be able to design targeted
approaches for treatment.”

Kondo emphasizes that while no conclusive treatments can be derived from this new
study, he hopes the discovery will ignite research into more potential therapies.

“If this indeed holds true for other patients, it may be worth investigating the
microbiome of patients with endometriosis from a larger population and assessing
whether there’s a mix of different infectious agents that cause inflammation and change
the tissue to behave like endometriosis,” said Raymond Manohar Anchan, director of the
Stem Cell Biology and Regenerative Medicine Research Laboratory at Brigham and
Women’s Hospital in Boston.

Anchan, who specializes in endometriosis, says that he would be “surprised” if this were
a complete correlation and that it “warrants more investigation.”

Anchan and Rodgers also note that the sample size is small, and said the study results
would not warrant patients being automatically prescribed antibiotics to treat their
endometriosis.

Still Rodgers similarly describes the results as “exciting, even though they’re in their
infancy.” She and other experts believe it is a jumping-off point for further research.
“Studies like this are exciting — for every 1,000, probably only one goes on to make a
giant discovery,” Rodgers said. “But once we can figure out why some people’s
endometrial cells are extra sticky, we can look at targets for a cure.”

By Sabrina Malhi

Sabrina Malhi is a health reporter. Twitter
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Summary:

As men age, some of their cells lose the very thing that makes them biological males --
the Y chromosome -- and this loss hampers the body's ability to fight cancer, according to
new research. The study found that loss of the Y chromosome helps cancer cells evade
the body's immune system. This common impact of the aging process in men results in
aggressive bladder cancer, but somehow also renders the disease more vulnerable --
and responsive -- to a standard treatment called immune checkpoint inhibitors.

FULL STORY

As men age, some of their cells lose the very thing that makes them
biological males -- the Y chromosome -- and this loss hampers the body's
ability to fight cancer, according to new research from Cedars-Sinai
Cancer.

The study, published today in the leading scientific journal Nature, found that loss of the Y
chromosome helps cancer cells evade the body's immune system. This common impact of the
aging process in men results in aggressive bladder cancer, but somehow also renders the
disease more vulnerable -- and responsive -- to a standard treatment called immune checkpoint
inhibitors.

Based on their research, investigators are developing a test for loss of the Y chromosome in
tumors with the goal of helping clinicians tailor immmune checkpoint inhibitor treatment for male
patients with bladder cancer.

"This study for the first time makes a connection that has never been made before between loss
of the Y chromosome and the immune system's response to cancer," said Dan Theodorescu,
MD, PhD, director of Cedars-Sinai Cancer, the PHASE ONE Distinguished Chair and
corresponding author of the publication, who initiated the research. "We discovered that loss of
the Y chromosome allows bladder cancer cells to elude the immune system and grow very
aggressively."

Lead collaborators on the study also included Johanna Schafer, a postdoctoral fellow, and Zihai
Li, MD, PhD, medical oncologist and immunologist, both at The Ohio State University
Comprehensive Cancer Center-James Cancer Hospital and Solove Research Institute.

In humans, each cell normally has one pair of sex chromosomes; men have one X and one Y
chromosome, while women have two X chromosomes. In men, loss of the Y chromosome has
been observed in several cancer types, including 10%-40% of bladder cancers. Loss of the Y
chromosome also has been associated with heart disease and Alzheimer's disease.

The Y chromosome contains the blueprints for certain genes. Based on the way these genes are
expressed in normal cells in the bladder lining, investigators developed a scoring system to
measure loss of the Y chromosome in cancers.

The investigators then reviewed data on two groups of men. One group had muscle invasive
bladder cancer and had their bladders removed, but were not treated with an immune checkpoint
inhibitor. The other group participated in a clinical trial and were treated with an immune
checkpoint inhibitor. They found that patients with loss of the Y chromosome had poorer
prognosis in the first group and much better overall survival rates in the latter.



To determine why this happens, investigators next compared growth rates of bladder cancer
cells from laboratory mice.

The investigators grew cancer cells in a dish where the cells were not exposed to immune cells.
The researchers also grew the diseased cells in mice that were missing a type of immune cell
called T-cells. In both cases, tumors with and without the Y chromosome grew at the same rate.

In mice with intact immune systems, tumors lacking the Y chromosome grew at a much faster
rate than did tumors with the intact Y chromosome.

"The fact that we only see a difference in growth rate when the immune system is in play is the
key to the 'loss-of-Y' effect in bladder cancer," Theodorescu said. "These results imply that when
cells lose the Y chromosome, they exhaust T-cells. And without T-cells to fight the cancer, the
tumor grows aggressively."

Based on their results derived from human patients and laboratory mice, Theodorescu and his
team also concluded that tumors missing the Y chromosome, while more aggressive, were also
more vulnerable and responsive to immune checkpoint inhibitors. This therapy, one of the two
mainstay bladder cancer treatments available to patients today, reverses T-cell exhaustion and
allows the body's immune system to fight the cancer.

"Fortunately, this aggressive cancer has an Achilles' heel, in that it is more sensitive than
cancers with an intact Y chromosome to immune checkpoint inhibitors," said Hany Abdel-Hafiz,
PhD, associate professor at Cedars-Sinai Cancer and co-first author of the study with Schafer
and Xingyu Chen, a research bioinformatician at Cedars-Sinai.

Preliminary data not yet published shows that loss of the Y chromosome also renders prostate
cancers more aggressive, Theodorescu said.

"Our investigators postulate that loss of the Y chromosome is an adaptive strategy that tumor
cells have developed to evade the immune system and survive in multiple organs,” said Shlomo
Melmed, MB, ChB, executive vice president of Academic Affairs and dean of the Medical Faculty
at Cedars-Sinai. "This exciting advance adds to our basic understanding of cancer biology and
could have far-reaching implications for cancer treatment going forward."

Further work is needed to help investigators understand the genetic connection between loss of
the Y chromosome and T-cell exhaustion.

"If we could understand those mechanics, we could prevent T-cell exhaustion," Theodorescu
said. "T-cell exhaustion can be partially reversed with checkpoint inhibitors, but if we could stop it
from happening in the first place, there is much potential to improve outcomes for patients."

While women do not have a Y chromosome, Theodorescu said these findings could have
implications for them as well. The Y chromosome contains a set of related genes, called
paralogue genes, on the X chromosome, and these might play a role in both women and in men.
Additional research is needed to determine what that role might be.

"Awareness of the significance of Y chromosome loss will stimulate discussions about the
importance of considering sex as a variable in all scientific research in human biology,"
Theodorescu said. "The fundamental new knowledge we provide here may explain why certain
cancers are worse in either men or women, and how best to treat them. It also illustrates that the
Y chromosome does more than determine human biologic sex."

Story Source:

Materials provided by Cedars-Sinai Medical Center. Note: Content may be edited for style and
length.
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Pain not perceived in the same way in people
with Alzheimer's Disease
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Summary:

New research has found that in a mouse model mimicking Alzheimer's Disease (AD) pain
signals are not processed in the same way as in healthy mice.

FULL STORY

New research from the Institute of Psychiatry, Psychology & Neuroscience
(loPPN) at King's College London has found that in a mouse model
mimicking Alzheimer's Disease (AD) pain signals are not processed in the
same way as in healthy mice.

The research, published in Nature Communications, suggests that the perception of pain in
people with Alzheimer's Disease may be altered, and asks whether changes in management of
pain in people with AD could improve their quality of life.

While chronic musculoskeletal pain is common in individuals with AD, it remains largely
untreated as it can go unreported due to the cognitive deficits attached to the disease.

In this study, the researchers sought to explore whether there is also an alteration in the body's
response to pain by the nervous system in people with AD.

In healthy mice, pain signals are transmitted from the point of origin to the central nervous
system to initiate an immune response. The protein Galectin-3 has been demonstrated to be
responsible for pain signal transmission to the spinal cord. Upon reaching the spinal cord, it binds
to another protein, TLR4, to initiate the immune response.

In this study, researchers used an AD mice model and gave them rheumatoid arthritis, a type of
chronic inflammatory disease, through blood transfer. They observed an increase in allodynia,
pain caused by a stimulus that doesn't normally provoke pain, as a response to the inflammation.
They also found and increased activation of a microglia -- resident immune cells -- in the spinal
cord. They determined that these effects were regulated by TLR4.

Researchers found that the mice with AD lacked TLR4 in the immune cells of their central
nervous system and were therefore unable to respond to pain in the typical way as the signals
were not being perceived.

This resulted in the mice with AD developing less joint inflammation related pain, and a less
powerful immune cell response to the pain signals received by the central nervous system.

Professor Marzia Malcangio, Professor of Neuropharmacology at King's IoPPN and the study's
senior author said, "Nociceptive pain -- pain which is the result of tissue damage -- is the second
most prevalent comorbidity in individuals with Alzheimer's disease. Our study has shown that, in
mice with Alzheimer's, the body's ability to process that pain is altered due to the lack of TLR4; a
protein vital to the immune response process in the central nervous system.

"These are important findings, as untreated pain can contribute to the psychiatric symptoms of
the disease. Increasing our understanding of this area could, with more research, lead to more
effective treatments and ultimately improve people's quality of life."

George Sideris-Lampretsas, a PhD student at King's IoPPN and the study's first author said,
"The results of this study have the potential to make an impact, not only by identifying Galectin-
3/TLR4 as a potential therapeutic target for chronic pain, but most importantly by raising
awareness around the underreported and untreated pain experienced by patients with AD."
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Summary:

Scientists found pairing specific diets with diarrheal disease-causing bacteria can create
lasting immunity in mice without a need to ever experience symptoms. The findings pave
the way for vaccine development that could reduce symptoms and mortality of diarrheal
illness and other diseases in humans.

FULL STORY

Worldwide, more than a million deaths occur each year due to diarrheal
diseases that lead to dehydration and malnutrition. Yet, no vaccine exists to
fight or prevent these diseases, which are caused by bacteria like certain
strains of E. coli. Instead, people withbacterial infections must rely on the
body taking one of two defense strategies: kill the intruders or impair the
intruders but keep them around. If the body chooses to impair the bacteria,
then the disease can occur without the diarrhea, but the infection can still
be transmitted -- a process called asymptomatic carriage.

Now, Salk scientists have found that pairing specific diets with disease-causing bacteria can
create lasting immunity in mice without the costs of developing sickness, revealing a new
potential vaccination strategy. Their findings, published in Science Advances on June 23, 2023,
pave the way for the development of new vaccines that could promote immunity for those with
diarrheal diseases and possibly other infections.

"We discovered that immunization against diarrheal infections is possible if we allow the bacteria
to retain some of its disease-causing behavior," says senior author Professor Janelle Ayres, Salk
Institute Legacy Chair and head of the Molecular and Systems Physiology Laboratory. "This
insight could lead to the development of vaccines that could reduce symptoms and mortality, as
well as protect against future infections."

In 2018, Ayres' lab looked at how dietary interventions can create an asymptomatic infection,
which Ayres calls a cooperative relationship between bacteria and host (the person or animal
that the bacteria have infected) where the host does not experience any symptoms. They
discovered that an iron-rich diet enabled mice to survive a normally lethal bacterial infection
without ever developing signs of sickness or disease. The high-iron diet increased unabsorbed
sugar (glucose) in the mice's intestines, which the bacteriacould feast on. The excess sugar
served as a "bribe" for the bacteria, keeping them full and incentivized to not attack the host.

This process produced long-term asymptomatic infection with the bacteria, leading the
researchers to believe that the adaptive immune system (cells and proteins that "remember"
infections) may be involved.

"Being able to generate lasting immunity against bacteria like C. rodentium or E. coli has not
been possible using established vaccination strategies. We wanted to figure out what mechanism
was sustaining this lasting immunity, so we could use that mechanism to create an impactful
solution to these diarrheal diseases," says first author Grischa Chen, a former postdoctoral
researcher in Ayres' lab.

The researchers moved to figure out how the body suppresses infection symptoms, whether
infection without symptoms can create long-term immunity, and whether that immunity is
reproducible as a vaccination strategy.

The team compared mice with iron-rich and normal diets after C. rodentium infection to find
whether the diet impacted symptomless infection. Immediately after infection, mice fed an iron-



rich diet had no symptoms whereas mice fed a normal diet did have symptoms. All mice were
then put on a normal diet to see whether the asymptomatic infection would last.

Mice with nonfunctional adaptive immune systems (the immune system that "remembers”
previous infections), regardless of whether they had ever been on an iron-rich diet, could not
continue to maintain a cooperative relationship with the bacteria. Although the iron-rich diet
suppressed symptoms immediately after infection, the adaptive immune system was required for
lasting cooperation. Importantly, the mice with functional adaptive immune systems had the
disease without any symptoms, with lastingimmunity, as demonstrated by survival upon
reinfection after a month.

Ayres and team concluded that an iron-rich diet alone can prevent bacteria from creating deadly
symptoms in mice during active infection. But a functional adaptive immune system is required
for immunity against future infection in the absence of dietary supplementation.

Some bacterial strains, if mutated enough, don't cause symptoms. To test whether such bacteria
could produce lasting immunity, the team repeated their iron-diet versus normal-diet experiment
in mice, but this time using bacteria that could cause disease and bacteria that could not cause
disease. They found that only mice that received disease-causing, unmutated bacteria were able
to support immunity upon reinfection.

The scientists note that people shouldn't consume large amounts of iron after reading this study.
Their findings are preliminary and will need to be confirmed in human subjects.

The researchers hope their insights will provide a basis for future research in humans and the
creation of a vaccination regiment that protects and prevents against diarrheal illness.

Other authors include Natalia R. Thorup, Abigail J. Miller, and Yao-Cheng Li of Salk.

The work was supported by the National Institutes of Health (DPI Al144249, R0O1AI4929), the
NOMIS Foundation, a DARPA Yong Faculty Award (YFA15 D15AP00097), a Hillblom
Foundation Fellowship Grant, the Chapman Foundation, the Helmsley Charitable Trust,
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Octopus sleep is surprisingly similar to
humans and contains a wake-like stage
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Summary:

Researchers have closely examined the brain activity and skin patterning in octopuses
(Octopus laqueus) during active sleep and discovered that it closely resembles neural
activity and skin patterning behavior seen when awake.
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FULL STORY

When octopuses sleep, their quiet periods of slumber are punctuated by
short bursts of frenzied activity. Their arms and eyes twitch, their breathing
rate quickens, and their skin flashes with vibrant colors.

Now, researchers from the Okinawa Institute of Science and Technology (OIST), in collaboration
with the University of Washington, have closely examined the brain activity and skin patterning in
octopuses (Octopus laqueus) during this active period of sleep and discovered that they closely
resemble neural activity and skin patterning behavior seen when awake. Wake-like activity also
occurs during rapid eye movement (REM) sleep in mammals -- the phase in which most dreams
occur.

The study, published 28 June in Nature, highlights the remarkable similarities between the
sleeping behavior of octopuses and humans and provides fascinating insights about the origin
and function of sleep.

"All animals seem to show some form of sleep, even simple animals like jellyfish and fruit flies.
But for a long time, only vertebrates were known to cycle between two different sleep stages,”
said senior author, Professor Sam Reiter, who leads the Computational Neuroethology Unit at
OIST.

"The fact that two-stage sleep has independently evolved in distantly related creatures, like
octopuses, which have large but completely different brain structures from vertebrates, suggests
that possessing an active, wake-like stage may be a general feature of complex cognition,” said
author Dr. Leenoy Meshulam, a statistical physicist at the University of Washington, who helped
design the research during her three month stay at OIST as a guest of the Theoretical Sciences
Visiting Program.

To begin, the scientists checked whether the octopuses were truly asleep during this active
period. They tested how the octopuses responded to a physical stimulus and found that when in
both the quiet and active stage of sleep, the octopuses required stronger stimulation before
reacting, compared to when they were awake. The team also discovered that if they prevented
the octopuses from sleeping, or disrupted them during the active phase of sleep, the octopuses
later entered active sleep sooner and more frequently.

"This compensatory behavior nails down the active stage as being an essential stage of sleep
that is needed for octopuses to properly function,” said Aditi Pophale, co-first author of the study
and PhD student at OIST.

The researchers also delved into the brain activity of the octopuses when awake and asleep.
During quiet sleep, the scientists saw characteristic brain waves that closely resemble certain
waveforms seen during non-REM sleep in mammalian brains called sleep spindles. Although the
exact function of these waveforms is unclear even within humans, scientists believe they aid in
consolidating memories. Using a cutting-edge microscope built by co-first author Dr. Tomoyuki
Mano, the researchers determined that these sleep spindle-like waves occur in regions of the
octopuses' brains associated with learning and memory, suggesting that these waves potentially
serve a similar function to humans.

Roughly once an hour, the octopuses entered an active sleep phase for around a minute. During
this stage, the octopuses' brain activity very closely resembled their brain activity while awake,
just like REM sleep does in humans.

The research group also captured and analyzed the changing skin patterns of the octopuses
when awake and asleep in ultra-high 8K resolution.



"By filming in such high resolution, we can see how each individual pigmented cell behaves in
order to create an overall skin pattern,” said Dr. Meshulam. "This could help us create simple
skin pattern models to understand the general principles of waking and sleeping patterning
behavior."

When awake, octopuses control thousands of tiny, pigmented cells in their skin, creating a vast
array of different skin patterns. They use these patterns to camouflage themselves in different
environments, and in social or threat displays, such as warning off predators and communicating
with each other. During active sleep, the scientists reported that the octopuses cycled through
these same skin patterns.

The similarities between active sleep and awake states could be explained by a variety of
reasons, said the scientists. One theory is that octopuses may be practicing their skin patterns to
improve their waking camouflage behavior, or simply maintaining the pigment cells.

Another intriguing idea is that the octopuses could be re-living and learning from their waking
experiences, such as hunting or hiding from a predator, and reactivating the skin pattern
associated with each experience. In other words, they could be doing something similar to
dreaming.

"In this sense, while humans can verbally report what kind of dreams they had only once they
wake, the octopuses' skin pattern acts as a visual readout of their brain activity during sleep,"
said Prof. Reiter.

He added, "We currently don't know which of these explanations, if any, could be correct. We are
very interested in investigating further.”
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