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Genes discovered linking circadian clock

with eating schedule

FOR MOST PEOPLE, THE URGE TO EAT A MEAL OR SNACK COMES
at a few predictable times during the waking part of the day. But for those
with a rare syndrome, hunger comes at unwanted hours, interrupts sleep
and causes overeating. A team in the lab of Satchidananda Panda
recently discovered a pair of genes that normally keeps eating schedules
in sync with daily sleep rhythms. In mice with mutations in one of the
genes, eating patterns are shifted, leading to unusual mealtimes and
weight gain. The results were published in Cell Reports.

“We really never expected that we would be able to decouple the
sleep-wake cycle and the eating cycle, especially with a simple mutation,”
says Panda, whose work is supported in part by the Joe W. and Dorothy
Dorsett Brown Foundation. “It opens up a whole lot of future questions
about how these cycles are regulated.”

More than a decade ago, researchers discovered that individuals with
an inherited sleep disorder often carry a particular mutation in a protein
called PER2, in an area of the protein that can be phosphorylated—the
ability to bond with a phosphate chemical that changes the protein’s func-
tion. Humans have three PER, or period, genes, all thought to play a role
in the circadian clock and all containing the same phosphorylation spot.

Panda’s lab joined forces with a Chinese team led by Ying Xu of Nanjing
University to test whether mutations in the equivalent area of PER1 would
have the same effect as those in PER2. They bred mice to lack the mouse
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period genes and added in a human PER1 or PER2 with a mutation in
the phosphorylation site. As expected, mice with a mutated PER2 had
sleep defects, dozing off earlier than usual. The same wasn’t true for
PER1 mutations, though.

Mice with the PER1 phosphorylation defects ate earlier than other
mice. The defect caused them to awaken and snack before their sleep
cycle was over, and eat more food throughout their normal waking period.
When researchers looked at the molecular details of the PER1 protein,
they found that the mutated PER1 led to lower protein levels during the
sleeping period, higher levels during the waking period and a faster
degradation of protein whenever it was produced by cells. Panda and
his colleagues hypothesize that normally, PER1 and PER2 are kept
synchronized, but a mutation in one of the genes could break this link
and cause off-cycle eating or sleeping.

When the team restricted access to food, providing it only at the
mice’s normal meal times, they found that even with a genetic mutation
in PER1, mice could maintain a normal weight. Over a ten-week follow-up,
these mice—with a PER1 mutation but timed access to food—showed
no differences compared to control animals. This tells the researchers
that the weight gain caused by PER1 is entirely caused by meal mistiming,
not other metabolic defects.

www.salk.edu
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Discovery reveals circuitry of

fundamental motor circuit

THE SPINAL CORD CONTAINS A NETWORK OF NEURONS THAT ARE
able to operate largely in an autonomous manner, thus allowing animals
to carry out simple rhythmic walking movements with minimal attention—
giving us the ability, for example, to walk while talking on the phone.
These circuits control properties such as stepping with each foot or
pacing the tempo of walking or running.

Recently, a team of researchers led by Martyn Goulding identified
for the first time which neurons in the spinal cord are responsible for
controlling a key output of this locomotion circuit, namely, the ability
to synchronously activate and deactivate opposing muscles to create
a smooth bending motion (dubbed flexor-extensor alternation). The
findings were published in Neuron.

Motor circuits in the spinal cord are assembled from six major types
of interneurons—cells that interface between nerves descending from
the brain and nerves that activate or inhibit muscles.

Goulding and his group had previously implicated one class of
interneurons, V1, as being a likely key component of the flexor-extensor
circuitry. When V1 interneurons were removed, however, the team saw
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V2b interneurons, responsible for a key locomotion circuit, appear as
green with yellow nuclei in a spinal cord while all other neurons are red.

that flexor-extensor activity was still intact, leading them to suspect that
another type of cell was also involved.

To determine what other interneurons were at play in the flexor-extensor
circuit, the team looked for other cells in the spinal cord with properties
similar to those of the V1 interneurons and began to focus on another
class of neuron whose function was not known—V2b interneurons. Using
a specialized experimental setup that allows one to monitor locomotion
in the spinal cord itself, the team saw a synchronous pattern of flexor and
extensor activity when V2b interneurons were inactivated along with the
V1 interneurons.

“Our whole motor system is built around flexor-extension; this is the
cornerstone component of movement,” says Goulding, who holds Salk’s
Frederick W. and Joanna J. Mitchell Chair. “If you really want to under-
stand how animals move, you need to understand the contribution of
these switching cells.”

Goulding’s discovery may pave the way for new therapies for spinal
cord injuries or other motor impairments related to disease. Il

Inside Salk 8 114 Discovery Roundup

31



38

Michal Krawczyk and Beverly Emerson

Salk scientists identity novel regulator of key gene
expression in cancer

THE COX-2 GENE MEDIATES INFLAMMATION,
which in most cases helps our bodies eliminate
pathogens and damaged cells. But inflammation
also has a dark side: it aids growth and spread of
tumors in the early stages of cancer. By learning
more about how COX-2 is affected, scientists
may be able to provide a potential target for
future cancer treatment.

Now, a team in the lab of Beverly Emerson
has identified a key genetic switch, a string of
nucleotides dubbed a long non-coding RNA
(IncRNA), that acts as an on/off switch for the
COX-2 gene. The function of IncRNAs is not
well understood, but evidence increasingly
points to their role in regulating gene expression,
as they are found overexpressed in esophageal,
colorectal and breast cancers.

“Deciphering the mechanism of COX-2 gene
regulation is of great clinical interest,” says
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Emerson, holder of the Edwin K. Hunter Chair.
“COX-2 is instrumental in the development of
several types of cancer, including colon, breast
and prostate cancer. Strategies that specifically
modulate COX-2 activity could be an attractive
treatment approach.”

Using human mammary epithelial cells,
Emerson and senior scientist Michal Krawczyk
discovered that an IncRNA called PACER kicks
a molecule called p50 off the COX-2 gene,
causing COX-2 to go into overdrive. This is the
first time scientists have shown that non-coding
RNAs must be activated in order to squelch the
activity of p50, a gene repressor. In turn, says
Krawczyk, blocking p50 promotes the assembly
of molecular activators of gene expression, which
ramp up COX-2 activity.

The scientists were also surprised to note
an additional potential role for PACER-induced

COX-2 activation in cancer. Early in the disease
process, instead of activating the immune
system to clear malignant cells from the body,
COX-2 aids the growth and spread of tumors.

In later stages of disease, however, Krawczyk
says cancer cells often shut off COX-2 activity,
as if at that stage COX-2 is no longer beneficial
for tumor growth because it exposes spreading
tumor cells to the immune system. That presents
the opportunity to trigger COX-2 expression via
PACER in late-stage cancers to aid immune
system clearance of metastatic cells.

“This could be a potential treatment for
late-stage cancers,” says Krawczyk. “We could
possibly use small molecules to reactivate COX-2
activity, or perhaps even supply PACER itself,
to fight the disease.”

The findings of the study were published
in eLife. luul
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The microscope image on the left shows brain blood vessels (red) with intact junctions (yellow lines) between cells that compose the vessel walls. The image on the right shows blood vessels and
junctions two days after a stroke. Blood material has entered the brain (dark red background). Scientists from the Salk Institute and UC Irvine showed that early blood material leakage (within 6
hours after stroke) is due to increased carrier protein transport through the cells of the vessel walls and not through gaps at the junctions, as previously thought.

Researchers identity new cause ot brain bleeding

immediately after stroke

STROKE IS NOT ONLY A COMPLEX AND DEVASTATING NEUROLOGICAL
condition; it's the fourth-leading cause of death and primary reason for
disability in the United States. It results in severe blood-brain barrier dam-
age, which allows entry of blood-borne material into the brain, contributing
to cellular death and permanent cognitive and movement impairments.

Researchers in the lab of Axel Nimmerjahn, collaborating with Dritan
Agalliu, an assistant professor of developmental and cell biology at UC
Irvine, have discovered a new mechanism that allows blood to enter the
brain immediately after stroke, revealing a possible means to create new
therapies that may reduce or prevent stroke-induced damage in the brain.
In their research, Nimmerjahn and Agalliu developed a novel transgenic
mouse strain in which they used a fluorescent tag to see the barrier-forming
tight junctions between the cells that make up the blood vessels in the
nervous system. This allowed them to image dynamic changes in the
barrier during and after stroke in living animals.

While seeing that the barrier function was rapidly impaired after stroke
(within six hours), they unexpectedly found that this early barrier failure is
not due to the breakdown of tight junctions between the blood vessel cells,
as had previously been suspected, because tight junction breakdown did
not occur until two days after the injury. Instead, they reported dramatic
increases in carrier proteins, called serum albumin, flowing directly into
brain tissue. These proteins travel through the cells that make up the blood
vessels, called endothelial cells, using a specialized transport system that
normally operates only in non-brain vessels or immature vessels within
the central nervous system (CNS). This finding suggests that the transport
system underlies the initial failure of the barrier, allowing entry of blood
material into the brain within six hours of a stroke.

www.salk.edu

Early regulation of the specialized transport system in the CNS
following stroke may spur development of imaging methods or biomarkers
in human studies to identify the initial stages of stroke and thereby
prevent damage as early as possible.

Plus, says Nimmerjahn, “Our new transgenic mouse strain and imaging
approaches may also allow mechanistic insight into other CNS disorders
associated with blood-brain barrier dysfunction, such as brain infection,
amyotrophic lateral sclerosis or vascular cognitive impairment.” His
laboratory is currently developing and applying new light microscopic tools
to uncover how CNS immune cells respond to injury, mediate repair and
influence nervous system function and behavior.

Results of the stroke study appeared in Neuron. Ll

£ { Our new transgenic mouse strain and
imaging approaches may also allow
mechanistic insight into other CNS
disorders associated with blood-brain
barrier dysfunction, such as brain
infection, amyotrophic lateral sclerosis
or vascular cognitive impairment. 77

— AXEL NIMMERJAHN
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Cian 0'Donnell and Terrence Sejnowski

Explaining how memories stick together

OVER THE PAST FEW DECADES, NEUROSCIENTISTS HAVE REVEALED
much about how long-term memories are stored. For significant events—
for example, being bit by a dog—a number of proteins are quickly made in
activated brain cells to create the new memories. Some of these pro-
teins linger for a few hours at specific places on specific neurons before
breaking down. This series of biochemical events allows us to remember
important details about that event—such as, in the case of the dog bite,
which dog, where it was located and so on.

One problem scientists have had with modeling memory storage
is explaining why only selective details and not everything is strongly
remembered. Now Terrence Sejnowski and his group have created a
new model of memory that explains how neurons retain select memories
a few hours after an event. This new framework provides a more
complete picture of how memory works, which can inform research
into conditions such as Parkinson’s, Alzheimer’s, post-traumatic stress
disorder and learning disabilities.

“Previous models of memory were based on fast activity patterns,”
says Sejnowski, a Howard Hughes Medical Institute investigator and holder
of Salk’s Francis Crick Chair. “Our new model of memory makes it possible
to integrate experiences over hours rather than moments.”

By incorporating data from previous literature, Sejnowski and postdoc-
toral researcher Cian O’Donnell developed a model that bridges findings
from both molecular and systems observations of memory to explain how
this memory window works. Using computational modeling, they showed
that despite the proteins being available to a number of neurons in a given
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circuit, memories are retained when subsequent events activate the same
neurons as the original event. They found that the spatial positioning of
proteins at both specific neurons and at specific areas around these
neurons predicts which memories are recorded.

The new model, reported in Neuron, also provides a potential frame-
work for understanding how generalizations from memories are processed
during dreams. While much is still unknown about sleep, research
suggests that important memories from the day are often cycled through
the brain, shuttled from temporary storage in the hippocampus to more
long-term storage in the cortex. Researchers observed most of this
memory formation in non-dreaming sleep. Little is known about if and
how memory packaging or consolidation is done during dreams. O'Donnell
and Sejnowski’s model, however, suggests that some memory retention
does happen during dreams, and by applying their findings, they came up
with a theoretical model for how the memory abstraction process might
work during sleep. lul
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Inder Verma and Amy Firth

Salk lab turns skin cells into human

STUDYING DISEASES THAT AFFECT THE
lungs and nearby airways has been limited

by the ability to collect diseased tissue from
patients and by the complexity of organs.
Multiple cell types make up airway tissue, so
studying how a disease changes just one cell
type in the lab may not be an accurate reflection
of the full impact of the disease.

Using reprogrammed skin cells, researchers
in the lab of Inder Verma have for the first time
used stem cell techniques to grow fully func-
tional assemblies of the cells that line airways
leading to the lungs. The lab-grown airway tissue
can now be used to study the molecular basis
of lung diseases—from rare genetic disorders to
common afflictions like asthma and emphyse-
ma—and to test new drugs to treat the diseases.
The results of the study, a collaboration with
Fred Gage, were published in Proceedings of
the National Academy of Sciences.

www.salk.edu

In the new work, the researchers developed
the complex airway tissue, composed of four
different cell types, by reprogramming skin cells
into stem cells, then exposing the stem cells to
a unique recipe of chemicals that steered them
down a particular airway-specific developmental
path. Since skin cells contain the same master
set of genes as lung cells, any airway tissue
grown from a patient’s skin cells will have the
disease-causing gene mutation in them.

“The ability to generate a variety of cells that
compose a fully mature lung is the first step to
understanding the molecular mechanisms of
many lung diseases,” says Verma, who holds the
Irwin and Joan Jacobs Chair in Exemplary Life
Science and is also an American Cancer Society
Professor of Molecular Biology.

While the grown cells aren’t identical to those
found in all parts of the lung, similar procedures
could pin down how to grow tissue from other

airway tissue

sections of the respiratory system. Already the
new protocol can be used to develop cell popu-
lations to study rare diseases, such as primary
ciliary dyskinesia, known to affect the cilia lining
airways. In addition, new treatments or genetic
therapies could be tested on lab-grown airway
tissue derived from an affected patient’s cells.

“It will hopefully become possible one
day to correct the genetic mutations in these
tissues and engraft them back into the airways
of a patient,” says Amy Firth, a postdoctoral
researcher in Verma'’s lab and first author of the
paper (see Next Generation, p.16).

Airway tissue grown in the lab could also
reveal how pollutants or nicotine exacerbate
symptoms of diseases not only affected by
genetics but by the air a person breathes. Il
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THE INSTITUTE’S INVESTIGATIONS INTO THE BIOLOGY OF
normal human aging and age-related diseases have received a
significant boost, thanks to a recent $3 million gift from the
Glenn Foundation for Medical Research. The gift will support
Salk’s Glenn Center for Aging Research, which was established
in January 2009 with a $5 million gift, also from the Glenn
Foundation. The center draws from 11 of Salk’s leading
laboratories specializing in genetic analysis, stem cell biology
and metabolism research.

“The biology of aging underlies all the major human diseases,’
Glenn Foundation president Mark Collins says. “To understand
the fundamental aging process and to intervene is to delay the
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This image from the Hetzer laboratory is being used to investigate how the

organization and the architecture of the nucleus influence gene activity.

onset of disease, to extend the healthful years of life and reduce
costs to society.”

The foundation’s support positions the Glenn Center to rapidly
advance aging research and shed light on ways to stave off a
multitude of age-related diseases, such as cancer, cardiovascular
disease, diabetes and Alzheimer’s disease. The center, which
focuses on whole systems biology, organ biology and cellular
aging biology, was the third of eight institutions to join the
Glenn Consortium for Research in Aging, which also includes
Harvard Medical School, MIT’s Department of Biology, Princeton
University and the Stanford University School of Medicine. [l
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Salk Institute receives $25 million gift from former

Salk trustee Conrad T. Prebys

IN JUNE, THE SALK INSTITUTE RECEIVED
a milestone gift: $25 million from San Diego
philanthropist and former Salk trustee Conrad
T. Prebys, to support cutting-edge biological
research on a wide range of diseases. The gift
is the single largest ever to the Institute’s
endowment, and in honor of Prebys’ generosity,
the Salk Institute auditorium, which regularly
hosts talks by some of the world’s most
prominent scientists, has been named the
Conrad T. Prebys Auditorium.

“The scientists at Salk are diving deep into
understanding how our bodies operate at the
molecular level and what happens when we
get sick,” says Prebys, a prominent real estate
developer and stalwart supporter of San Diego
institutions. “It is vital work that must be done
before we can really conquer disease. We
need this foundational science to lay the
underpinnings for new therapies and cures.

I'm honored to play a role in supporting this
important research.”

A native of South Bend, Indiana, Prebys was
raised in a neighborhood where most of the res-
idents worked in local factories. Encouraged by
an inspirational teacher, he was the first of five
brothers to graduate from a university. He went
on to found Progress Construction Company, a
developer of real estate enterprises in California
and Texas.

When he was a child, Prebys’ brother con-
tracted polio, and he saw the power of scientific
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research to cure disease when Jonas Salk devel-
oped the first polio vaccine.

Prebys has long been a supporter of the Salk
Institute and previously served on the Institute’s
Board of Trustees. Earlier, he gave $2 million to
establish the Conrad T. Prebys Endowed Chair
in Vision Research for Thomas Albright, one of
the Institute’s neuroscientists. He has also been
a longtime supporter of Symphony at Salk, the
Institute’s annual gala.

His latest gift contributes to the Campaign
for Salk, the Institute’s first-ever fundraising
campaign, and will help grow the Institute’s
unrestricted endowment—one of the priorities
of the campaign. Funding from unrestricted
endowment allows the Institute to address its
most critical research needs by providing
flexibility in how the funding is used.

The Campaign for Salk was launched publicly
in January 2012, with the goal of raising $300
million by July 2015. Prebys’ gift brings the total
raised so far to more than $275 million.

“Mr. Prebys is renowned for his remarkable
generosity and his vision in boosting San Diego
by supporting its pillar institutions,” says Salk
president William Brody. “His gift to Salk’s
unrestricted endowment provides the financial
flexibility for Salk to adapt and thrive as technol-
ogy, science and human needs evolve, leaving a
lasting legacy.” lu_ul

& { Mr. Prebys is renowned
for his remarkable
generosity and his vision
in boosting San Diego
by supporting its pillar
institutions.??

- WILLIAM BRODY
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Salk Science Leads to Discoveries.

Scientific discovery at the Salk Institute is made possible through annual
contributions from individuals, organizations, corporations and foundations.
Your support will accelerate the pace of breakthroughs in understanding
disease and pave the way to new drug therapies. To learn more, please
visit www.salk.edu/support or call 858.453.4100 x1405.

Get Involved

FRIENDS OF SALK

Unrestricted gifts, in any amount, provide funding where it is most needed and allow our scientists to
conduct critical early-stage research. Contributors up to $2,500 receive Inside Salk magazine and invitations
to annual events.

SALKEXCELLERATORS

The Salkexcellerators program is focused on making Salk science accessible to a younger generation of
business professionals, entrepreneurs and volunteers. Donors receive Inside Salk magazine and invitations
to private receptions and lectures with Salk’s renowned scientists. Salkexcellerators meet in La Jolla and New
York City, and engagement ranges from $500 to $5,000.

PRESIDENT’S CLUB

President’s Club donors fulfill a central role for the Institute and provide the flexibility to respond to Salk’s
greatest needs. Contributors of $2,500 — $25,000 enjoy unique opportunities to interact with our scientists
in the lab and receive Salk publications.

CHAIRMAN’S CIRCLE

Chairman'’s Circle visionary donors support the Institute’s mission with unrestricted annual gifts of $25,000
and above. Their generous support fills a vital need for the Institute by providing the world’s finest minds
in science with the resources to pursue discoveries at the frontier of human knowledge. Donors are invited
to exclusive lab tours and special events with senior researchers that provide opportunities to discuss spe-
cific areas of interest. Donors receive Salk publications and individual reports on the impact of their gifts.

SPECIAL PROJECTS

If you have a special interest in one of Salk’s areas of research, such as cancer, aging, diabetes, neuroscience,
genetics, vision or plant biology, you may designate your gift to support investigations in that field. You may also
elect to support the work of a young scientist with a fellowship or Salk’s education outreach programs. You will
be privy to exclusive updates and invitations.

PARTNERS IN RESEARCH

Salk’s legacy society, Partners in Research, welcomes those who have included Salk in their estate plans.
Charitable gift planning is a powerful way of ensuring your legacy lives on, and it can maximize tax and other
financial benefits to you, your family, and the Institute. Partners in Research members receive special commu-

nications and are invited to events throughout the year.
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