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A team led by UC Davis researchers has used a public database of genetic knockout mice to
identify dozens of genetic mutations linked to eye and skin disorders, including forms of
albinism and phakomatoses. The newly discovered genes could help clinicians identify related
human genes in patients with no known cause for their disorder. This image shows an eye from
an albino mouse lacking pigment (left) and a normal mouse. Credit: Ala Moshiri, UC Davis

Albinism is the best-known of a group of rare genetic disorders that can affect both eyes
and skin. Some genes have been identified that are linked to these conditions, but many
remain mysterious. Now a team led by UC Davis researchers has identified dozens of
these genetic mutations in a screen of gene-targeted "knockout" mice. The authors hope
the work, published Aug. 1 in Scientific Reports, will be a resource for clinicians
specializing in genetic disorders.

"This mouse data may be of interest to clinicians, especially for patients with no known
genetic cause for their condition,” said Ala Moshiri, associate professor of
ophthalmology in the UC Davis School of Medicine and corresponding author on the

paper.

Skin, eyes and nerve tissue are linked because they all develop from the same early
embryonic tissue. Another group of rare eye and skin disorders distinct from albinism,
called phakomatoses, are also caused by genetic alterations inherited from parents or
that occur by accident early in embryo development.

Albino people and animals lack pigment in their hair, skin and eyes. The degree of
pigment loss varies, depending probably on the genetic change responsible. Some
albinos are entirely lacking in pigment; at the other end of the scale, some people with
"blonde" coloration may have a mild form of albinism.


https://medicalxpress.com/tags/genetic+cause/
https://medicalxpress.com/tags/skin/

There are known genes linked to albinism in humans, but not all cases have a clear
genetic cause.

Lab mouse a model for human genetics

Moshiri, Bret Moore, resident at the UC Davis Veterinary Medical Teaching Hospital and
an international team of colleagues searched the public database of gene knockout mice
created by the International Mouse Phenotyping Consortium (IMPC) for animals with
skin, hair or pigmentation abnormalities. Then they cross-checked for those which also
had eye defects. That produced a list of 52 genes affecting both skin and eye organ
systems, 35 of which were previously unknown.

"I expect the majority of these genes will cause similar problems in humans," Moshiri
said.

The IMPC is an international effort including the Mouse Biology Program at UC Davis.
The IMPC collaborators create mice with targeted deletions of a single gene ("knockout"
mice) and examine the effects. So far, the consortium has produced lines of knockout
mice for about 6,000 genes, of which more than 5,000 have been characterized, or
phenotyped, across 11 body systems.

Identifying mouse genes related to a specific disorder can help identify the equivalent
genes in humans. Sequencing an entire human genome is relatively easy in 2019, but
working out which genetic change is tied to a specific disease or disorder is much
harder because humans are so genetically variable. Laboratory mice, on the other hand,
are inbred on a consistent genetic background, making it much easier to link traits to a
single genetic change. Armed with a list of candidate genes from mice, clinicians could
home in on specific genes in human patients.

Explore further

300 blind mice uncover genetic causes of eye disease

More information: Genome-wide screening of mouse knockouts reveals novel genes required
for normal integumentary and oculocutaneous structure and function, Scientific Reports (2019).
DOI: 10.1038/s41598-019-47286-2

Journal information: Scientific Reports

Provided by UC Davis
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Researchers create mouse colony to address shortcomings of
laboratory mice

Date:

August 1, 2019
Source:

NIH/National Institute of Diabetes and Digestive and Kidney Diseases
Summary:

Researchers developed a new mouse model that could improve the translation of research in
mice into advances in human health. The mouse model, which the scientists called 'wildling,'
acquired the microbes and pathogens of wild mice, while maintaining the laboratory mice's
genetics that make them more useful for research.



FULL STORY

Researchers at the National Institutes of Health developed a new mouse
model that could improve the translation of research in mice into advances in
human health. The mouse model, which the scientists called "wildling,"
acquired the microbes and pathogens of wild mice, while maintaining the
laboratory mice's genetics that make them more useful for research. In two
preclinical studies, wildlings mirrored human immune responses, where lab
mice failed to do so. Led by scientists at the NIH's National Institute of
Diabetes and Digestive and Kidney Diseases (NIDDK), the study published
online in Science.

"We wanted to create a mouse model that better resembles a mouse you'd find in the wild," said
Barbara Rehermann, M.D,, chief of the Immunology Section in NIDDK's Liver Diseases Branch and
senior author on the study. "Our rationale was that the immune responses and microbiota of wild
mice and humans are likely shaped in a similar way -- through contact with diverse microbes out in
the real world."

Microbiota refers to the trillions of tiny microbes, such as bacteria, fungi, and viruses, that live in and
on the bodies of people and animals and play a critical role in keeping immune systems healthy.
Unlike squeaky clean lab mice raised in artificial settings, wild mice have developed symbiotic
relationships with microbes they have encountered in the outside world -- just as people have done.

Rehermann and Stephan Rosshart, M.D., the study's lead author and NIDDK postdoctoral fellow,
have long sought to improve animal models of complex diseases in humans. In 2017, they led
research showing that transferring wild mice gut microbiota into lab mice helped the mice survive
an otherwise lethal flu virus infection and fight colorectal cancer.

In the current study, they transplanted embryos of the most commonly used strain of laboratory
mice for immune system research into female wild mice, who then gave birth to and raised wildlings.
The researchers and their collaborators compared the microbiota of the wildlings, wild mice and lab
mice. They found that the wildlings acquired the microbes and pathogens of wild mice and closely
resembled wild mice in their bacterial microbes present at the gut, skin, and vagina, as well as in the
number and kinds of fungi and viruses present.

"A healthy microbiome is important not only for the immune system, but also for digestion,
metabolism, even the brain," said Rosshart, who recently completed his fellowship in NIDDK and will
open a new lab in Germany. "The wildling model could help us better understand what causes
diseases, and what can protect us from them, thus benefitting many areas of biomedical research.”

The researchers also tested the stability and resilience of the wildlings' microbiota and found the
microbiota was stable across five generations and resilient to environmental challenges. For
example, when the mice were given antibiotics for seven days, the lab mice's gut microbiota changed
and did not recover, while the wildlings' microbiota fully recovered. Further, when the mice were
fed a 10-week high-fat diet, the microbiota of the lab mice changed significantly and never returned
to baseline. The wildlings' microbiota changed only mildly and recovered shortly after the diet
ended. The authors suggest that the stability and resilience of wildlings, if the model is used widely,
could improve the validity and reproducibility of biomedical studies.

Finally, the researchers tested how well the wildlings could predict human immune responses. To do
so, they drew from two studies where drugs used to target immune responses were successful in
treating lab mice in preclinical trials but consequently failed to have therapeutic effects in humans.
In the current study, the researchers treated wildlings and lab mice with the same drugs. The
wildlings, but not the lab mice, mimicked the human responses seen in clinical trials.
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"We always strive for effective ways to shorten the gap between early lab findings and health
advances in people, and the wildling model has the potential to do just that," said NIDDK Director
Griffin P. Rodgers, M.D. "By helping to predict immune responses of humans, the wildling model
could lead to important discoveries to help treat and prevent disease, and ultimately, improve
human health."

The research was supported by the intramural research programs of NIDDK, the National Cancer
Institute, the National Institute of Arthritis and Musculoskeletal and Skin Diseases, and the National
Institute of Allergy and Infectious Diseases (NIAID). Additional NIH support came from NIDDK
through grant DK113136 and from NIAID through grant A[137157-01.

Story Source:

Materials provided by NIH/National Institute of Diabetes and Digestive and Kidney Diseases.
Note: Content may be edited for style and length.
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Study suggests targeting cell may help prevent anaphylaxis in
humans

Date:
August 1, 2019

Source:
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NIH/National Institute of Allergy and Infectious Diseases
Summary:

Allergies can be life-threatening when they cause anaphylaxis, an extreme reaction with
constriction of the airways and a sudden drop in blood pressure. Scientists have identified a
subtype of immune cell that drives the production of antibodies associated with anaphylaxis
and other allergic reactions. The research reveals a potential target for new therapies to
prevent severe allergic reactions.

FULL STORY

Allergies can be life-threatening when they cause anaphylaxis, an extreme
reaction with constriction of the airways and a sudden drop in blood pressure.
Scientists have identified a subtype of immune cell that drives the production
of antibodies associated with anaphylaxis and other allergic reactions. The
research was funded by the National Institute of Allergy and Infectious
Diseases, part of the National Institutes of Health, and reveals a potential
target for new therapies to prevent severe allergic reactions. The findings are
published online today in the journal Science.

Investigators at Yale University, New Haven, Connecticut, the Jackson Laboratory for Genomic
Medicine, Farmington, Connecticut, and their collaborators discovered a subtype of T cells -- called T
follicular helper cell 13, or Tth13 cells -- in laboratory mice bred to have a rare genetic immune
disease called DOCK8 immunodeficiency syndrome. In humans, DOCK8 deficiency leads to recurrent
viral infections of the skin and respiratory system and to severe allergies and asthma.

Allergies and anaphylaxis are linked to the production of high levels of high-affinity IgE antibodies,
which bind strongly to allergens to spur allergic reactions. The investigators noted that mice with a
DOCKS deficiency had novel T follicular helper cells, not found in normal mice, that produced a
unique combination of chemical messengers called cytokines.

They then took mice with normal immune systems and sensitized them with respiratory and food
allergens to induce severe allergic reactions leading to anaphylaxis. While non-allergic mice lacked
Tth13 cells, allergic mice had both Tfh13 cells and high-affinity IgE. With genetic manipulation, the
scientists prevented Tfh13 cell development in mice and found that the animals did not make
anaphylactic IgE to allergens. To transfer this insight to humans, they then compared blood samples
from people with peanut or respiratory allergies to those of non-allergic volunteers and found that
individuals with allergies and the associated IgE had elevated levels of Tfth13 cells.

The study authors conclude that Tfh13 cells are responsible for directing antibody-producing B cells
to create high-affinity IgE and that Tfh13 cells may be required for allergic disease, including
anaphylaxis. They say targeting Tfh13 cells may represent a new strategy to prevent or treat allergic
diseases. While such a strategy would likely not replace life-saving, emergency epinephrine when
anaphylaxis occurs, therapies targeting Tfh13 cells might prevent the onset of anaphylaxis when an
allergic person is exposed to an allergen.

Story Source:
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Materials provided by NIH/National Institute of Allergy and Infectious Diseases. Note: Content
may be edited for style and length.
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NEWS RELEASE 8-AUG-2019

Study finds specific microbiome tied to long-term survival;
points to fecal transplant treatment

UNIVERSITY OF TEXAS M. D. ANDERSON CANCER CENTER
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HOUSTON -- A key difference between the few pancreatic cancer patients who survive long-term and
the many whose disease overcomes all treatments is the bacterial signatures on their tumors that
either stimulate or suppress immune response, a team led by researchers from The University of

Texas MD Anderson Cancer Center reports in the journal Cell.

The researchers also showed that fecal microbiota transplants (FMT) from long-term survivors
prompted immune response and stifled tumors in a mouse model of the disease by altering the

bacteria on the tumor - its microbiome.

"Results of the FMT experiments represent a significant therapeutic opportunity to improve
pancreatic cancer treatment by altering the tumor immune microenvironment," said senior author
Florencia McAllister, M.D., assistant professor of Clinical Cancer Prevention at MD Anderson. "There

is promise here but we have a lot of work ahead.”

MD Anderson's Pancreatic Cancer Moon Shot™ has provided McAllister with funding to develop a
clinical trial of fecal transplants for pancreatic cancer. The Moon Shots Program™ is a collaborative
effort to accelerate the development of scientific discoveries into clinical advances that save patients'

lives.
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Most patients with pancreatic ductal adenocarcinoma - the most common form of pancreatic cancer -
have late-stage disease when diagnosed. Just 9% survive to five years. Those with earlier stage
cancer that can be surgically removed have a high recurrence rate and median survival of 24-30

months.

No genomic biomarkers have been identified that shed light on the reasons for long-term survival in

that fraction of patients, McAllister said.
Long-term survivors have diverse tumor microbiome

While recent research has shown that the composition and diversity of microbes living in the
digestive tract - the gut microbiome - can affect how cancer immunotherapy works, little research
has focused on the bacteria in the tumor and how it might affect prognosis and survival, McAllister
said. "We've known there are bacteria on pancreatic tumors, so we asked 'do these bacteria have a

role in cancer?""

To launch the first such study in pancreatic cancer, McAllister and colleagues analyzed the bacterial
DNA in tumors of long-term survivors matched to short-term survivors from two independent
cohorts at MD Anderson and Johns Hopkins Hospital. In the MD Anderson cohort, median survival
was 10 years for the long-term survivors (22 patients) and 1.6 years for the short-term survivors
(21 patients). In the validation cohort from Johns Hopkins, 15 patients had overall survival greater

than 10 years, and 10 survived fewer than five years.

Using 16S rRNA gene sequencing, the team found the long-term survivors had much greater
diversity of bacterial species than the short-term survivors. Stratifying the MD Anderson patients
only by this diversity measure showed those with high diversity had median survival of 9.66 years

and those with low diversity had median survival of 1.66 years.

The diversity results were independent of other factors, such as previous therapies, body mass
index, and antibiotics use, making it a predictor of survival for surgical patients and indicating the

potential importance of the tumor microbiome in cancer progression.

Researchers also found marked differences in the bacterial communities found in each survivor
group. The long-term survivors showed a relative abundance of Pseudoxanthomonas,
Saccharropolyspora and Streptomyces. The presence of all three taxa, as well as the species Bacillus

Clausii, predicted better outcomes for patients in both MD Anderson and Johns Hopkins cohorts.
Specific microbiome boosts immune attack on tumors

Immunohistochemistry showed a greater density of T cells, including the CD8-positive cell-killing
variety, in the tumors of long-term survivors in both the MD Anderson and Johns Hopkins cohorts,
consistent with previous research that showed more active immune response in long-term

Survivors.
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McAllister and colleagues found a strong correlation between immune cell infiltration and the
microbiome diversity of the tumors. Additional analysis showed immune infiltration and activation
of T cells was associated with the three enriched bacterial types discovered on long-term survivors'

tumors.

With an apparent connection between the tumor microbiome and immune response, the team set

out to find a way to change the tumor microbiome.
Using the gut microbiome to alter tumor microbiome

"You cannot modulate the tumor microbiome directly, but you can modulate the gut microbiome,
and if there's cross-talk between the gut and the tumor microbiomes, you could change the tumor

microbiome indirectly,” McAllister said.

The team compared the bacteria in the gut, in the tumor and in adjacent tissue in three surgery
patients. They found the gut microbiome represents about 25% of the tumor microbiome, but is
absent from the normal, adjacent tissue, suggesting bacteria in the gut can colonize pancreatic

tumors.

The researchers transplanted fecal microbiota from patients with advanced cancer into mice and
found that the donor microbiome represented about 5% of the resultant tumor microbiome but that

70% of the overall tumor microbiome had been otherwise altered by the transplant.

"Now we know you can completely change the bacterial composition of the tumor microbiome by

doing FMT," McAllister said.
Reversing immune suppression with fecal transplants

Next, they performed stool transplants into mice from patients who had advanced pancreatic cancer,
patients who had survived more than five years and had no evidence of disease, and healthy

controls.

Five weeks after tumor implementation, mice that had received FMT from patients with advanced
disease had much larger tumors than those that received FMT from long-term survivors (70%

smaller average size) or healthy controls (50% smaller average size).

Immune profiling showed the mice that received the FMT from long-term survivors had significantly
higher numbers and greater activation of CD8-positive T cells compared to the other two groups.
Those who received FMT from advanced-stage patients had increased regulatory T cells and

myeloid-derived suppressor cells, both of which suppress immune response.

To evaluate whether the effect of FMT relies on the immune system, the team depleted T cells in a
group of mice treated with the long-term survivor FMT, which completely blocked the anti-tumor

effect of the transplant.

18



HHH

Co-authors with McAllister are first authors Erick Riquelme, Ph.D., and Yu Zhang, Ph.D., both of
Clinical Cancer Prevention. Other co-authors from that department are Maria Montiel, M.D., Michelle
Zoltan, Pompeyo Quesada, Vidhi Chandra, Hanwen Xu, Ph.D., and Samir Hanash, M.D., Ph.D.;
Liangliang Zhang, Ph.D., Wenli Dong, Lei Feng, Kim-Anh Do, Ph.D., and Christine Peterson, Ph.D., of
Biostatistics; Robert Jeng, M.D., and Jennifer Wargo, M.D., of Genomic Medicine; Anthony San Lucas,
Ph.D., and Paul Scheet, Ph.D., of Epidemiology; Jared Burks, Ph.D., of Leukemia; Ching-Wei D. Tzeng,
M.D., Michael Kim, M.D., Matthew Katz, M.D., of Surgical Oncology; Anirban Maitra, M.B.B.S., of Sheikh
Ahmed Pancreatic Cancer Research Center at MD Anderson; Ismet Sahin, Ph.D., of Texas Southern
University; Deborah Nejman, Ph.D., and Ravid Straussman, M.D., Ph.D., of Weizmann Institute of
Science, Rehovot, Israel; Cynthia Sears, M.D., and Laura Wood, M.D., of Johns Hopkins University
School of Medicine; James Robert White, Ph.D., of Resphera Biosciences, Baltimore, MD, and Nadim
Ajami, Ph.D., and Joseph Petrosino, Ph.D., of Baylor College of Medicine.

This research was funded by the American Gastroenterological Association Research Foundation,
PanCAN/AACR Career Development Award, MD Anderson Philanthropic Funds, MD Anderson's
Moon Shots Program, Emerson Collective Award, NCI K12 Paul Calabresi Clinical Scholarship Award,
Stand Up To Cancer-Lustgarten Foundation grant, a grant from the National Cancer Institute of the
National Institutes of Health R25E (CA056452) and MD Anderson's Cancer Center Support Grant
from the NCI (CA016672).

McAllister, Riquelme and Zhang are filing a patent based on findings presented in this paper. Other

declarations of interests are available in the paper.

Disclaimer: AAAS and EurekAlert! are not responsible for the accuracy of news releases posted to

EurekAlert! by contributing institutions or for the use of any information through the EurekAlert system.
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Researchers have found bilirubin plays a unique role in
protecting the brain

Date:
August 12, 2019

Source:
Johns Hopkins Medicine

Summary:
In studies in mice, researchers report they have found that bilirubin, a bile pigment most
commonly known for yellowing the skin of people with jaundice, may play an unexpected
role in protecting brain cells from damage from oxidative stress.

FULL STORY
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In studies in mice, Johns Hopkins Medicine researchers report they have
found that bilirubin, a bile pigment most commonly known for yellowing the
skin of people with jaundice, may play an unexpected role in protecting brain
cells from damage from oxidative stress.

Bilirubin is commonly measured in lab tests as a marker for liver or blood health, and high levels
may indicate disease. However, whether it has a role in healthy people has remained unclear.

The Johns Hopkins Medicine team says its interest in the compound's function in the brain arose
from testing which tissues in the mouse body produced bilirubin. Surprisingly, the researchers found
"exceptional levels" of the stuff in mouse brains -- five to 10 times higher production than in rodents'
livers.

"Bilirubin is normally considered a waste product, but this level of production takes a lot of
metabolic energy, and it seemed bizarre for bilirubin to not have a function," says Bindu Paul, Ph.D,,
faculty research instructor at the Johns Hopkins University School of Medicine's Solomon H. Snyder
Department of Neuroscience, and a member of the research team.

The new study, described in a report published July 25 in Cell Chemical Biology, set out to find the
purpose for harboring so much bilirubin in the brain. The team noted that past studies proposed that
bilirubin might be an important antioxidant. Since the brain is so metabolically active and vulnerable
to oxidative damage, the research group considered the possibility that bilirubin might be
particularly important to protecting the brain against oxidative stress.

For their experiments, the team used mouse neurons grown in the laboratory that were genetically
engineered to not produce bilirubin. As the cells grew, the researchers exposed them to various
sources of oxidative stress by introducing reactive molecules to their environment.

When compared with normal mouse brain cells, the researchers found that the genetically modified
mouse neurons were far more vulnerable to these stressors -- particularly at the hand of a harmful
form of oxygen called superoxide.

Chirag Vasavda, an M.D./Ph.D. student in Solomon Snyder's laboratory and first author on the study,
notes that superoxide is an important chemical cell messenger linked to learning, memory and
development in the brain.

However, excessive brain cell activity can lead to uncontrolled superoxide levels, which can trigger
oxidative stress and initiate a series of harmful reactions that cause damage to the brain. "Our initial
experiments hinted to us that bilirubin might play an important role in controlling the levels of
superoxide in the brain," says Vasavda.

The research team suspected that bilirubin's ability to regulate superoxide originated in its chemical
structure, which allows it to grab on to and neutralize the harmful molecule in a way that other
antioxidants, such as glutathione and cysteine, cannot.

To test this, the researchers stimulated excessive brain cell activity in normal brains and brains
engineered to lack bilirubin. They found that brains lacking the bilirubin-production gene
accumulated excessive superoxide. Then they stimulated brain activity in normal mice and mice
lacking bilirubin to test whether removing bilirubin worsens brain damage or cell death.

The researchers found that mice that lacked bilirubin had about two to three times more brain
damage as their normal counterparts, suggesting that bilirubin protected normal brains against
harmful superoxide reactions.

This discovery, the investigators say, advances scientific understanding of bilirubin's role in the
brain and elsewhere and could lead to novel treatments for neurodegenerative diseases such as
Huntington's and Parkinson's that are marked by excessive superoxide levels and oxidative stress.
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Eating disorder researchers have discovered a neurocircuit in mice that, when activated,
increased their stress levels while decreasing their desire to eat.
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Eating disorder researchers at The University of Texas Health Science Center
at Houston (UTHealth) have discovered a neurocircuit in mice that, when

23



activated, increased their stress levels while decreasing their desire to eat.
Findings appear in Nature Communications.

The scientists believe their research could aid efforts to develop treatments for a serious eating
disorder called anorexia nervosa, which has the highest mortality rate of any mental disorder,
according to the National Institute of Mental Health. People with anorexia nervosa avoid food,
severely restrict food, or eat very small quantities of only certain foods. Even when they are
dangerously underweight, they may see themselves as overweight.

"We have identified a part of the brain in a mouse model that controls the impact of emotions on
eating," said Qingchun Tong, PhD, the study's senior author and an associate professor in the Center
for Metabolic and Degenerative Disease at McGovern Medical School at UTHealth.

Because mice and humans have similar nervous systems, Tong, the Cullen Chair in Molecular
Medicine at UTHealth, believes their findings could shed light on the part of the human brain that
regulates hunger.

The investigators believe they are among the first to demonstrate the role of this neurocircuit in the
regulation of both stress and hunger.

While previous research has established that stress can both reduce and increase a person's desire
to eat, the neural mechanisms that act on the regulation of eating by stress-related responses largely
remain a mystery.

Tong's team focused on a neurocircuit connecting two parts of the mouse brain: the paraventricular
hypothalamus, an eating-related zone in the brain, and the ventral lateral septum, an emotional zone
in the brain. The neurocircuit acts as an on/off switch.

When researchers activated the neurocircuit, there was an increase in anxiety levels and a decrease
in appetite. Conversely, when the investigators inhibited the neurocircuit, anxiety levels dropped
and hunger increased.

The scientists used a research technique called optogenetics to turn the neurons in question on and
off.

Yuanzhong Xu, PhD, the study's lead author and an instructor at McGovern Medical School, said
additional preclinical tests are needed to confirm their findings.

Coauthors from UTHealth include Yungang Lu, PhD; Ryan Cassidy; Leandra Mangieri, PhD; Canjun
Zhu, PhD; Zhiying Jiang, PhD; Xugen Huang, PhD; and Nicholas Justice, PhD. Also contributing to the
paper were Yong Xu, MD, PhD, and Benjamin Arenkiel, PhD, of Baylor College of Medicine.

Tong and Justice are on the faculty of The University of Texas MD Anderson Cancer Center UTHealth
Graduate School of Biomedical Sciences.
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Scientists develop a new gene-editing tool that could help treat
many disorders caused by gene mutations
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Researchers have developed a new tool -- dubbed SATI -- to edit the mouse genome,
enabling the team to target a broad range of mutations and cell types. The new genome-
editing technology could be expanded for use in a broad range of gene mutation conditions
such as Huntington's disease and the rare premature aging syndrome, progeria.

FULL STORY
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Gene editing concept (stock image).
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The ability to edit genes in living organisms offers the opportunity to treat a
plethora of inherited diseases. However, many types of gene-editing tools are
unable to target critical areas of DNA, and creating such a technology has been
difficult as living tissue contains diverse types of cells.

Now, Salk Institute researchers have developed a new tool -- dubbed SATI -- to edit the mouse
genome, enabling the team to target a broad range of mutations and cell types. The new genome-
editing technology, described in Cell Research on August 23, 2019, could be expanded for use in a
broad range of gene mutation conditions such as Huntington's disease and the rare premature aging
syndrome, progeria.

"This study has shown that SATI is a powerful tool for genome editing," says Juan Carlos Izpisua
Belmonte, a professor in Salk's Gene Expression Laboratory and senior author of the paper. "It could
prove instrumental in developing effective strategies for target-gene replacement of many different
types of mutations, and opens the door for using genome-editing tools to possibly cure a broad range
of genetic diseases."
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Techniques that modify DNA -- notably the CRISPR-Cas9 system -- have generally been most
effective in dividing cells, such as those in the skin or the gut, using the cells' normal DNA repair
mechanisms. The Izpisua Belmonte lab previously showed that their CRISPR/Cas9-based gene-
editing technology, called HITI (for homology-independent targeted integration), could target both
dividing and non-dividing cells. Protein-coding regions function like recipes for making proteins,
while areas called non-coding regions act as chefs deciding how much food to make. These non-
coding regions make up the vast majority of DNA (~98%) and regulate many cellular functions
including turning genes off and on, so could be a valuable target for future gene therapies.

"We sought to create a versatile tool to target these non-coding regions of the DNA, which would not
affect the function of the gene, and enable the targeting of a broad range of mutations and cell types,"
says Mako Yamamoto, co-first author on the paper and a postdoctoral fellow in the Izpisua Belmonte
lab. "As a proof-of-concept, we focused on a mouse model of premature aging caused by a mutation
that is difficult to repair using existing genome-editing tools."

The new gene knock-in method, which the scientists call SATI (short for intercellular linearized
Single homology Arm donor mediated intron-Targeting Integration) is an advancement of the
previous HITI method to enable it to target additional areas of the genome. SATI works by inserting
a normal copy of the problematic gene into the non-coding region of the DNA before the mutation
site. This new gene then becomes integrated into the genome alongside the old gene via one of
several DNA repair pathways, relieving the organism of the detrimental effects of the original,
mutated gene, without risking damage associated with fully replacing it.

The scientists tested the SATI technology in living mice with progeria, which is caused by a mutation
in the LMNA gene. Both humans and mice with progeria show signs of premature aging, cardiac
dysfunction and dramatically shortened life span due to the accumulation of a protein called
progerin. By using SATI, a normal copy of LMNA gene was inserted in the progeria mice. The
researchers were able to observe diminished features of aging in several tissues including the skin
and spleen, along with an extension of life span (45% increase compared to untreated progeria
mice). A similar extension of life span, when translated to humans, would be more than a decade.
Thus, the SATI system represents the first in vivo gene correction technology that can target non-
coding regions of DNA in multiple tissue types.

Next, the team aims to improve the efficiency of SATI by increasing the number of cells that
incorporate the new DNA.

"Specifically, we will investigate the details of the cellular systems involved in DNA repair to refine
the SATI technology even further for better DNA correction,” says Reyna Hernandez-Benitez, co-first
author on the paper and a postdoctoral fellow in the Izpisua Belmonte lab.

Other authors included Keiichiro Suzuki, Rupa Devi Soligalla, Emi Aizawa, Fumiyuki Hatanaka,
Masakazu Kurita, Pradeep Reddy, Alejandro Ocampo, Tomoaki Hishida, Masahiro Sakurai, Amy N.
Nemeth, Concepcion Rodriguez Esteban of Salk; Zhe Li, Christopher Wei and Kun Zhang of the
University of California San Diego; Estrella Nufiez Delicado of Universidad Catolica San Antonio de
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The genetics of circadian rhythms have been well studied in recent years, but much less is
known about other types of genes that play a role in sleep. Now, by studying a family with
several members who require significantly less sleep than average, a team of researchers
has identified a new gene that they believe has a direct impact on how much someone
sleeps.
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The genetics of circadian rhythms have been well studied in recent years, but
much less is known about other types of genes that play a role in sleep,
specifically those that regulate how much sleep our bodies require. Now, by
studying a family with several members who require significantly less sleep
than average, a team of researchers has identified a new gene that they
believe has a direct impact on how much someone sleeps. They report their
findings on August 28 in the journal Neuron.

"It's remarkable that we know so little about sleep, given that the average person spends a third of
their lives doing it," says Louis Ptacek, a neurologist at the University of California, San Francisco
(UCSF), and one of the paper's two senior authors. "This research is an exciting new frontier that
allows us to dissect the complexity of circuits in the brain and the different types of neurons that
contribute to sleep and wakefulness."

The family whose DNA led to the identification of this gene is one of several that Ptdcek and UCSF
geneticist Ying-Hui Fu, the paper's other senior author, are studying and includes several members
who function normally on only six hours of sleep. The gene, ADRB1, was identified using genetic
linkage studies and whole-exome sequencing, which revealed a novel and very rare variant.

The first step in deciphering the role of the gene variant involved studying its protein in the test
tube. "We wanted to determine if these mutations caused any functional alterations compared with
the wild type,” Fu says. "We found that this gene codes for f31-adrenergic receptor, and that the
mutant version of the protein is much less stable, altering the receptor's function. This suggested it
was likely to have functional consequences in the brain."

The researchers then conducted a number of experiments in mice carrying a mutated version of the
gene. They found that these mice slept on average 55 minutes less than regular mice. (Humans with
the gene sleep two hours less than average.) Further analysis showed that the gene was expressed at
high levels in the dorsal pons, a part of the brain stem involved in subconscious activities such as
respiration and eye movement as well as sleep.

Additionally, they discovered that normal ADRB1 neurons in this region were more active not only
during wakefulness, but also during REM (rapid eye movement) sleep. However, they were quiet
during non-REM sleep. Furthermore, they found that the mutant neurons were more active than
normal neurons, likely contributing to the short sleep behavior.

"Another way we confirmed the role of the protein was using optogenetics,” Fu explains. "When we
used light to activate the ADRB1 neurons, the mice immediately woke up from sleep."

Ptacek acknowledges some limitations of using mice to study sleep. One of these is that mice exhibit
different sleep patterns than humans, including, for example, sleeping in a fragmented pattern,
rather than in a single continuous period. "But it's challenging to study sleep in humans, too, because
sleep is a behavior as well as a function of biology," he says. "We drink coffee and stay up late and do
other things that go against our natural biological tendencies."

The investigators plan to study the function of the ADRB1 protein in other parts of the brain. They
also are looking at other families for additional genes that are likely to be important. "Sleep is
complicated,” PtaCek notes. "We don't think there's one gene or one region of the brain that's telling
our bodies to sleep or wake. This is only one of many parts.”

Fu adds that the work may eventually have applications for developing new types of drugs to control
sleep and wakefulness. "Sleep is one of the most important things we do," she says. "Not getting
enough sleep is linked to an increase in the incidence of many conditions, including cancer,
autoimmune disorders, cardiovascular disease, and Alzheimer's."
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