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Seattle Children’s Is Rankea Among the
Top U.S. Pediatric Hospitals

Seattle Children’s, with more than 100 vears of history, is
censistently ranked as one of the nation’s best pediatric
hospitals. In 2012, U.S, News & World Report ranked
Seattle Children’s the sixth best pediatric hospital in the
country. In addition to our overall ranking, we are highly
rankead in the following specialties: cardiology and heart
surgery, cancer and blood disorders, highly ranked bone
marrow transplant program, neurolegy and neurosurgery,
diaketes and endocrinology, gastroenterology and
gastrointestinal surgery, orthopedics, pulmonology and
necnatology. Seattle Children’s has received world-class
recegnition for the craniofacial center and reconstructive
pelvic medicine program.

This fantastic Wood and glass sculpture, suspended in the Ocean

Zone atrium, celebrates Pacific Northwest wildlife.
What Sets Seattle Children’s Apart

Patients and famities come to Seattle Children’s from
more than 70 countries tc get superior care — many for
complex or rare conditions.

At Seattle Children’s, doctors in nearly 60 pediatric
subspecialties collaborate to provide the most advanced
inpatient and cutpatient diagnostic, medical, surgical
and rehabilitative services.

We are a teaching hospital for the University of
Washington (UW) School of Medicine, which has one
of the top 10 pediatrics programs in the country. Many
of our doctors are UW professors.

"

Each of the hospital’s four zones — Forest, River, Mountain and
Ocean — has original artwork to brighten the hospital experience.

A

Seattle Children's state-of-the-art main campus covers 25 acres in the Laurelhurst neighborhood of Seattle, Washington. we have
another 37 regional sites across four states and a large research institute that’s a top recipient of National Institutes of Health funding.
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Patient room in the Cancer Care Unit of The outdoor bamboo garden offers a place for  This is just one of Seattle Children’s

the new Building Hope addition. guiet conversation and contemplation. many state-of-the-art research facilities,
Seattle Children’s is trusted by families from all over the world.
‘_mt l. :_ _ = o . ’ . :.- x -4 - - --: = I*I . » — : !
- S g f e
== e of b Wairlington . '
et me el NN
: B = % 1t B -

v ., m . 5 [ """ » | i
| P T ot T
e iR -

Canada A=& 3

= I+l 1
£ © 2 Japan A &
¥ == 3 Germany &R
. M 4 china 8
;p;. ElE 5 Unitect Kingdom 3t B
BN5 France &B
Bl 7 Australla ZXHE
BB 8 Mexico & &%
BFo9 lay &&kA
EJ ¢ SaudiArabia #F 2 5 4148

219
Seattle Children’s International Medical Services 3



Seattle Children’s Heart Center

Covering the Entire Spectrum of Cardiac Care

Seattle Children’s Heart Center provides expert care for
the full range of cardiac needs, from arrhythmis to acute
issues requiring surgery or transplantation.

Catheterization

As a leader in interventichal catheterization, we're
developing new devices to help treat heart problems
like septal defects and stenotic valves using less invasive
alternatives to open heart surgery. We also perform
electrophysioiogy studies and transcatheter ablation in
our state-of-the-art cardiac catheterization labs.

Surgery

Our heart surgeons perform more than 500 cperations
a year, from straightforward repairs like closing a hole in
the heart to the highly complex Norwood procedure for
hearts with too few chambers.

Recent Seattle Children’s Heart Center innovations

» Using hybrid procedures that combine cardiac surgery
with interventional cardiology to better serve patients
with congenital heart defects

Offering the latest pediatric ventricular assist devices
and mechanical heart pumps designed for critically 1l
patients who are waiting for a heart transplant,
inctuding the Berlin Heart, CentriMag centrifugai pump,
HeartMate Il and SynCardia Total Artificial Heart
Providing telemedicine services in which our
cardiologists use live videoconferencing to assist
echocardiogram procedures performed in remote
locations

=

AJ Hwangbo (left) made a full recovery after a virus attacked his
heart. With him are his little brother Alex, and mom, Yoo-Lee Yea.
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Leadership

Jonathan M. Chen, MD

Division Chief. Congenital Cardiac
Surgery

Co-Director, Heart Center

Academic title: Professor

Board certifications: Thoracic surgery,
congenital cardiac surgery

Medical schooi: Columibia University
College of Physiclans and Surgery.
New York

Residency: Surgery - general, New York Presbyterian
Hospiial, New York

Fellowships: Cardiothoracic Surgery, Columbia University
Medical Center, New York, Ventricular Assistance -
Cardiac Surgery, Columbia University Medical Center,
New York, Congenital Cardiac Surgery, Morgan Stanley
Children's Hospital, New York

Mark B. Lewin, MD

Division Chief, Cardiology
Co-Director, Heart Center
Direcior, Prenatal Diagnosis and
Treatment Program

Academic title: Professor

Board certification: Pediatric
carchiclogy

Medical school: Keck School of
Medicine at University of Southern
Califcrnia, Los Angeles

Residency: Pediatrics, Children’s Hospital of Los Angeles,
|l.os Angeles

Feliowship: Pediatric Cardiology. Texas Children’s
Hospital, Houston

Investments like our brand-new catheterization {(cath) lab ensure
Seattie Children’s heart patients receive the best care possibie.
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Cardiclogy patient Aimar Martinez Mendoza smiles shyly as she’s
held by her father, Ismael.

o, Rob Mazor leads the ventricular zssist device program that Drs. Jonathan Chen and Lester Permut perform cardiac surgery.
keeps kids as healthy as possible while they await a new heart.
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Seattle Children’s Cancer and Blood Disorders Center
World-Renowned Cancer Care Up to Age 30

L.eading-edge research by Seattle Children’s
hematclogists-oncologists makes the newest treatment
protocois available to our patients, We treat infants,
children, adolescents and young adults up to age 21 for all
cancers, and up to age 30 for select diagnoses.

Advanced Treatments

Seattle Children’s provides chemotherapy, radiation
therapy, surgery, hematopoietic ceil transplants and other
state-of-the-art interventions. Qur nationally recognized
surgical team includes bone tumor specialists, as well as
neurosurgeons skilled at removing brain tumors.

Transplant Expertise

Seattle Cancer Care Alliance (SCCA) was founded by
Seattle Children’s, UW Medicine and Fred Hutchinson
Cancer Research Center, which piongered stem cell
transplantation. We offer bone marrow, peripheral blood
stem cell and cord blocd transplants for cancer and
nonmalignant diseases.

Cancer Center Highlights

» We are the only hospital in the Pacific Northwest and
one of only a few in the U.S. that provide I-131-MIBG
therapy for children with neuroblastoma.

« Seattle Children's is one of only a few pediatric hospitals
that offer Phase | and Phase || clinicat trials — such as
our trials of T-cell therapy, a form of immunotherapy, for
relapsed or refractory acute lymphoblastic leukemia
and neurcblastoma.

« We offer proton beam therapy, which can treat many

pediatric brain turmors, sarcomas and other cancers with

fewer side effects, at SCCA Proton Therapy — the

only proton therapy center for children in the Pacific

Northwest, and one of only 13 in the U5,

Seattle Children’s is the first hospital in the country with

an inpatient unit dedicated solely to adolescents and

young adults with cancer.

One of the light-filled lounges in Building Hope cffers Francisco
Barron Jr. and his mother, Cecelia Rivas-Norris, a place to relax.

6 Seattle Children’s International Medical Services

Leadership

Douglas S. Hawkins, MD _
Associate Division Chief, Hematology/
Oncology

Academic title: Professor

Board certification: Pediatric
hematology-oncoiogy

Medical schoo!l: Harvarcg Medical
School, Boston

Residency: Pediatrics, University of
Washington Ssattle

‘ \

Fellowship: Pediatric Hematology/Oncology, University
of Washington School of Medicineg, Seaitle

Esne cancer patient Alyssa Zoll keeps her sense of humor during
~unical trials by wearing her pink eyelashed glaszes

Dr. Julie Park, a nationat leader in neuroblastoma research, takes
time to play with Tristan Estep, a recipient of 1-131-MIBG therapy.
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Nurse Nate Stalsbroten stops in for a visit with teenage cancer Hematology-onceology specialist Dr. Akiko Shimamura shares an
patient Gailon Pursiey. ohservation with a research colleague.
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Seattie Children’s Neurosciences
Nationally Recognized Neurology and Neurosurgery Expertise

Seattle Children’s neurologists and neurcsurgeons
diagnose and treat a broad range of nervous system .
disorders, including cerebral palsy, epilepsy and brain Leadership
tumors. Each year our neurosurgeons perform more than
600 surgeries, using the most advanced equipment and
technigues.

Sidney M. Gospe, MD, PhD
Division Chref, Neurclogy
Program Director. Neurology

Noteworthy in Neurosciences SIS HET]
o y Ih . | ; hild Program Director, Neurology
ur comprehensive epilepsy program for children Restdancy

and adolescenis is the only one of its kind in the Pacific
Northwest. Services include minimally invasive laser
ablation surgery.

« We are a national referral center for children with Chiari
malformation and craniosynostosis,

Academic title: Professor

Board certifications: Neurclogy with
special guahfication in chitd neuroclogy,
pediatrics

Madical school: Duke University, Durham
Residencies: Pediatrics, Baylor College of Medicine
Houston, Child Neuroicgy, Baylor College of Medicineg,
Houston

Jeffrey G. Ojemann, MD
Division Chief, Neurosurgery
Director, Epilepsy Surgery
Co-Director. Epifepsy Program

Academic title: Professor

Board certification: Neurological
surgery

Medical schooi: Washington University
School of Mediging, St. Lows
Residency: Neurological Surgery,
Barries Jewish Hospital, St. Louis

Fellowships: Neurological Surgery, St Louis Children’s
Hospital. St. Lows; Neurclogical Surgery. University of
Washingten School of Medicing, Seatlie

1
Meyrasurgesn Dr. Amy Les faughs with patient Skylar Droffel ahd
Skylars mop, Chrsty, dunng.a clinic visit

x - B
Teenager Sara O'Neill is a patient at the region’s first pediatric Neureologist Dr. Rusty Novotny is a national leader in techniques
multiple sclerosis clinic located at Seattle Children’s. that produce 3-D images of patients’ brains.
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Triztan Carrall B was having up to 50 seizures & day until Dr. Russel] Sansto

We have an extremely low shunt failure rate far
prescribed a high-lat, low-carb ketogenic diet in combination with medicztion

for hwdrocephalus patients, likg Justus Fucillo, 2

Stage Atkins was born with severe developmental disapilities. His  Daniel Kelley’s recent epilepsy surgery left the 3-year-oid free
family gets physical and mental support from Seattle Children’s. from seizures and with his motor skills intact.
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Seattle Children’s Craniofacial Center
The Most Comprehensive Craniofacial Team in the Country

At Seattle Children’s, the craniofacial team includes more
than 50 healthcare providers from 12 specialties who
treat cleft lip and patate, cranicsynostosis, craniofacial
microsomia and other complex conditions.

Craniofacial Areas of Focus

» Cleft lip and palate is the most common craniofacial
condition we treat. Our team has the specialized
training to use nasoalveolar melding, which means
fewer surgeries and better outcomes.

+ Our program is the largest in the country. Each year
we see about B0 new patients with craniosynostosis
and perform about 90 craniosyncstosis surgeries,
including endoscopic strip craniectomies.

« We have over 35 years of experience in interdisciplinary
care for craniosynostosis.

= Each year 15 to 20 new patients with 22911.2 deletion
syndrome come to us for treatment.

\"a g
Cr. Michag| Cunningharm with patient Joseph Veliz in the
L I'r'.ifl'l:lfi-ll:;i-:l| chnic

Leadership

Michael L. Cunningham, MD, PhD
Dnasion Chief. Craniofacial Medicine
Medicai Director, Cran:ofacial Center

Academic title: Profasscr

Board certification: Pediatrics
Meadical school: University of
Washington, Seattle, University

of Vermont Coliege of Medicine,
Burlington

Residency: Pediatrics, University of

Washington School of Medicine, Seattle
Fellowship: Neurocdevelopmentai Disakilities, Seattia

Children’'s, Seattle

Richard Alan Hopper, MD
Division Chief, Plastic Surgery
Surgical Director, Crantofacial Center

Academic titie: Asscciate professor
Board certification: Plastic surgery
Medical school: Memorial University
of Newfoundland, St. John's,
Newfoundland

Residency; Plastic Surgery, University
of Toronto, Toronto

Fellowship: Surgery - Craniofacial, New York University
Medical Center, Naw York

Craniofacial patient Mason Cirrotti-Calruso, receiving care for a

craniofacial halo, used to explain procedures to young patients. cleft lip and palate, is comfortad by father, Seth.
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Dr. Hitesn Kapadia, craniofacial orthodontist, and Or. Richard Tumors covered the neck, face and ear of Shakira Locke, 5,
Hopper, craniofacial surgeon, collaborate closely on a case. before succ=ssful treatment with a blood pressure medication.

Uiy =4 - -
YRS TNy R
1 e - -
Cranfofacial specialists Dr. Richard Hopper, Dr. Kathy Sie and Dr. Michael Curningham are just three of the many Seattle Children’s
professionals who have dedicated their lives to helping children with abnormalities and injuries affecting the skuli and face.
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International Patient Services: I3 F{"& %BE%

At Seattle Children’s, we provide the highest quality specialty medical services to patients from mere than 70
countries. All international patients should have both medical and financial approval prior to scheduling of services.
Please fill out the Internaticnal Intake Form located at www.seattlechildrens.org. Qur services include providing help
with the following:

BHREIILEERAIYREHTOZNERTGILEREZTHAENET RS l% %%%ﬁi 2, it
) E WA 5. b Awww.seattlechildrens.org E ¥, &AL 5 &

> Information about services, programs and physicians : CEBEAANS . —?ﬂ_JL 4\?3,
= Medical cost estimates and bkilling arrangements CE SRR GET, ot Se s

e [dentification of a physician to meat each patient’'s unigue needs CARAE BRI S E £

= Appointment scheduling, including consultations and follow-up care TR 2T R A Fe A K IR S

= Facilitation of communications with physicians, family and friends at home SRR E &8 TG AR

s Interpretation services in multiple languages REEIEIR %

* Transportation and accommeodaticn o B g2 A B AR

International Fellowship Programs: IR A 34532010 B
Seattle Children’s Hospital is a teaching hospital associated with University of Washingten School of Medicine. We
have international residents and fellowshw’p programs jointly with Uw.

HREILEERALENAFEFEHREHFER ., WL EHRE £ o ARMEHEEIHRE,

International Observer Programs: FRIE 4 20 2 53 1020 B
International physicians who meet requirements related to English-language skills, medical specialty, patient referrals,
and tuition obligations are welcome to our 1- to 3- month International Observer Program.

SR EREAANAMNGAREES] 2] IMNASUEHERZNRE. SRBFEMEF: £, dotd, WHE
FlarEA, ARizEER

International Referral / Sister Hospital Programs: - ]I PR, igéf ‘3] [—_ FJL / Kﬁ l: Ffu Iﬁ E]

At Seatfle Children’'s, we work with a worldwide patient reterral network and sister hospitals. We welcome internaticnal
hospitals to join cur network and establish sister hospital relationships!

HHRENLETERSHFEREREAEEFINMMERFAFERLAXE. KA

Contact: E)‘é %E\ Jﬁl/l’]]

Seattle Children’s International Medical Services
4800 Sand Point Way NE, Seattle, WA 98105
Email: international@seattlechildrens.org
Phone: 1-206-287-1700
www.seattlechiidrens.org
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Seattle Children’s Research Institute
Improving the Health of Children Worldwide
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Located in downtown Seattle’s biomedical
corricdor, Seattle Children's Research Institute
has grown to 330,000 square feet in just six
years, But sauare footage isn't the whole story,
Cur facilities are designed and equipped to
support pioneering research where medical
science flourishes.

£€ Because of the new treatments
developed at Children’s, my daughter
lived an extra 10 years. Those were
the most beautiful years of my life.
She jearned to ride a hiorse, she went
to college. She never would have had
those years.”

— Mom of a cystic fibrosis patient
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The research institute’s combination
of technology, facilities and unique
expertise enabies scientists to
contribute to the pediatric care and
cures of tomorrow in ways

not possible elsewhere.

The health issues our doctors and nursas see every day in our medical center inspire
the investigations that result in better outcomes for children all over the world.
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Seattle Children’s Research Institute
Improving the Health of Children Worldwide
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RESEARCH INSTITUTE
CENTERS AND
PROGRAMS

« Ben Towne Center
for Chitdhood Cancer
Research

+ Center for Child
Health, Behavior and
Development

« Center for Clinical and
Translational Research

« Center for
Developmental Biclogy
and Regenerative
Medicine

» Center for
Developmental
Therapeutics

+ Center for Genetics and
Develcpment

» Center for Global
Infectious Disease
Research

» Center for Immunity and
Immunotherapies

« Center for Integrative
Brain Research

¢« The Treuman Katz Center
for Pediatric Bioethics

= The Science Adventure
Lab

Seattle Children’s Research Institute:
A World Leader in Research

At Seattle Children’s, delivering world-class care is a vitally important part of our
mission. We strive to improve that care through research that helps prevent, treat
and eliminate childhood disease. That’s why Seattle Children’s Research Institute
was founded.

Our renowned research institute’s investigators generate innovative ideas,
undertake breakthrough studies, conduct clinical research studies and introduce
new medical practices that are impacting pediatric care throughout the world.

A history of lifesaving discoveries

Our research starts at the bedside, where our clinicians see opportunities to
improve patient care every day. They carry those needs to the research lab, where
investigators make discoveries that advance the practice of pediatric healthcare.

This approach has propelled Seattle Children’s toward important breakthroughs in:

« Cancer — pioneering therapies like pechatric bone marrow and stem cell
transplants and immunotherapy.

i

« Cystic fibrosis — revolutionizing treatment by developing an inhalable antibiotic

that brings the bacteria-fighting medicine directly to where it's needed.

+ Sudden infant death syndrome (SIDS) — identifying the syndrome and
developing prevention efforts that dramatically reduce SIDS deaths.
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Phenomenal research growth

In 2003, Seattle Children’s incorporated research into our mission, making it

a high institutional priority and sparking phenomenal growth. Our research
institute, established in 2007, is now one of the nation’s top five pediatric research
organizations, as measured by National Institutes of Heaith (NIH) funding.

This funding — coupled with our state-of-the-art research campus and our
collaborations with leading health organizations — is attracting top scientists from
around the world. Our workforce of more than 1,100 people is researching hundreds
of diseases, conditions and health issues as we work to bring the next wave of
pediatric health discoveries to life.

£F | find joy every day in working with highly principled and brilliant researchers,

educators and clinicians who all seek to make the world a healthier place for children.”

— Dr F. Bruder Stapleton, Senior Vice President and Chief Academic Officer,
Seattle Children’s
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Research Institute

Fast Facts

The research institute is
one of the nation’s top five
pediatric research centers
and is among the fastest
growing pediatric research
organizations in the United
States.

+ $46 million in federal
research funding (2013)

+ $76 million total research
funding (2013}

« A workforce of more

than 1,100 people
= 330,000 square feet

of lab, clinical research

and office space.
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OUTSTANDING TALENT

The research institute’s
partnerships with the University
of Washingten and Fred
Hutchinson Cancer Research
Center enable it to attract
world-renowned researchers.
Other strengths include our
long-term financial commitment
to research, our facilities and
our ability to help improve
clinical outcomes for patients

around the world.

......

Collaboration in
Pursuit of Cures

To accelerate progress, the research institute is organized into nine centers. These
centers follow a collaborative model: researchers work closely with one another, with
clinicians at Seattle Children’s Hospital and with colleagues at partner institutions
like the University of Washington and Fred Hutchinson Cancer Research Center.

Uniting experts in different disciplines

Our innovative “open lab” design eliminates walls between labs and makes it easier
for researchers from different disciplines to share insights as they unravel medicine’s
most complex problems.

For example, our Center for Integrative Brain Research includes experts in genetics,
brain circuitry and molecular biology who work tdgether to understand all aspects
of brain disorders like autism and epilepsy. This collaborative approach sets the
stage for comprehensive new treatments and potential cures.

World-class facilities spur advances
QOur 330,000 square feet of lab, clinical research and office space includes:

+ A state-of-the-art “therapeutic cell production core” that is one of only
three pediatric facilities in the country that meets FDA requirements for
manufacturing therapies.
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+ A zebrafish aquatics facility where researchers use zebrafish — tiny fish that
rapidly regenerate damaged tissue — to pursue stem-cell therapies that enable
tissues to repair themselves.

+ A Pediatric Clinical Research Center that provides outpatient beds, nurses
and other services for clinical research studies involving patients.

Integrating research and clinical care

In 2012 we embarked on an ambitious process to help deliver on the overarching
strategy of Seattle Children’s current strategic plan: to ensure every child

has the opportunity to directly or indirectly benefit from research. We have
benchmarked best practices, surveyed key stakeholders and audited our
infrastructure, and we are now beginning to impiement our vision to make
research studies and outcomes more visible throughout our hospitai environment.

££ We are committed to developing the facilities and infrastructure our researchers
and staff need to find solutions to pediatric medicine’s most dsunting challenges.”

— Dr. Jim Hendricks, president of Seattle Children’s Research Institute
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Collaborating with
world-class partners

We accelerate discoveries

and develop new clinical

practices by collaborating

with leading health and

science organizations,

including:

« Allen Institute for Brain
Science

« Centers for Disease Control

» Cystic Fibrosis Foundation

* Fred Hutchinson Cancer
Research Center

+ Instituie of Translational
Health Sciences (ITHS)

+ Kineta

+ PATH

* Seattle BioMed

+ Seattle Cancer Care Alliance
» University of Washington

» Washington Global Health
Alliance




CENTER MISSION

To translate scientific
discoveries into therapies
that cure pediatric cancer
with minimal side effects
and improve the lives of
childhood cancer survivors.
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Ben Towne Center for
Childhood Cancer Research

Revolutionizing cancer treatment

The Ben Towne Center for Childhood Cancer Research is spearheading an
immunotherapy approach to treating cancer that may eventually eliminate the
need for chemotherapy, radiation and surgery. The key is to genetically equip an
individual’'s own immune system to recognize cancer cells as dangerous so cancer
might be eliminated from the body, just the same as the common cold.

Advancing innovative therapies through clinical research studies

The center’'s world-class investigators pursue potential cures by:

Building on a history of advances. Dr. Michaei Jensen led the first FDA-authorized
research of T-cell immunotherapy in adults with lymphoma and brain tumors as well
as in children with recurrent neurcblastoma.

Developing new therapies. Dr. Jensen is collaborating with colleagues in the Center
for Clinical and Translational Research and the Cancer and Blood Disorders Center
clinical program to conduct ciinicai research studies using T-cell therapies to treat

pediatric patients with a variety of types of cancer. ‘
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Partnering with world leaders. Seattle Children’s researchers work with colleagues
at Fred Hutchinson Cancer Research Center and the University of Washington to

accelerate the progress of developing innovative new treatments for cancers that
afflict children.

Manufacturing therapies in a leading-edge facility

Seattle Children’s recently designed and opened a multimillion-dollar therapeutic
cell production core at the Ben Towne Center for Childhood Cancer Research in
downtown Seattle. This facility gives our investigators the opportunity to have new
therapies manufactured under FDA guidelines for clinical research studies at Seattle
Children’s Hospital.

££ \We have the technology, we have the knowledge, we have the research. Seattle
Children’s is the place and now is the time to make a great leap forward.

— Dr, Mike Jensen
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CENTER MISSION

To find new ways to promote
health and develocpment so
that ali children can reach
their physical, intellectual
and emoticnal potential.

......

Center for Child Health,
Behavior and Development

The science of growing up healthy

The Center for Child Health, Behavior and Development is a national leader in
conducting innovative clinical and health-outcomes research. The center brings
together a diverse and talented group of research scientists driven to find answers
to some of the most critical and challenging children’s health issues. Investigators
work with families, communities, schools and healthcare providers to translate
research findings into actions that improve children’s lives.

New insights enhance children’s well-being

The center has a broad array of research disciplines, from studies that focus

on specific disorders such as craniofacial anomalies to national topics such as
measuring the quality of pediatric healthcare. Several current research initiatives
include:

Benefiting early childhood. Brs. Dimitri Christakis, Pooja Tandon and Michelle
Garrison are exploring ways to eptimize preschool children’s cognitive, social,
physical and emotionai development by focusing on parenting education,
interactive play, physical activity, and sleep. '

Improving autism treatment. Our investigators are pursuing diagnosis and
treatment innovations that will help children with autism lead more productive and
satisfying lives. One recent study by Dr. Bryan King showed that an antidepressant
commonly prescribed for children with autism does not improve their symptoms
and has negative side effects.
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Director

Dimitrl &, Christakis, MD,
MPH

Areas of Focus

Health
« Child and adolascent
mental health

Fatlent safety

Pedliatnic ob
Quality of pediatric
Regithcare

Developing a new approach to chronic pain. Dr. Tonya Palermo is improving the
outcome for kids with chronic pain. She was the first to develop a Web-based
tool that combines coanitive behavior and relaxation technigues with other pain
management skills and that can be used by teens and families anywhere there is

Bahavior
« Media and aggression
« Fetal alcohol syndrome

Internet access. + ADHD
Supporting adolescent health. Researchers are also embarking on significant Revelopment
. . ] .  Byitism
studies of adolescent health and behavior, aimed at meeting adolescents where :l - '[ -
) L * + Craniaracial
they are and understanding the pressures they face today. Their important work SEnarrralitias
addresses teen depression and substance abuse. » Kindergarten readinass

+ Dr. Megan Moreno is using Facebook to identify and track when college students Falin Management

are at risk for substance-related harm.
Research Partners

« Dr. Laura Richardson is studying whether collaborative care can help Groun Health
adolescents with depression get better care, faster. Cooperalive
. . , . g . Fublic Health -
« Dr. Cari McCarty is comparing the effectiveness of two different school-based Seattle and.King County

preventive interventions for young adults designed to reduce depression and RAND Corparation
improve their relationships. Seattle Public Schools
Wnlversity of Washinaton
WS Departmentaf Health

£F Today's children face a broad array of challenges. Our group is applying cutting- e E fary Soroiae

edge science to help children overcome them.”

— Dr. Dimitri A. Christakis 23 9



CENTER MISSION

To transiate laboratory
discoveries into innovative
treatments that improve
children’s lives. The center
will advance clinical research
by focusing on new methods
to conduct better research
and by mentoring clinical
scientists to become
tomorrow’s leaders.

—l
<
LI

Center for Clinical
and Translational Research

Translating laboratory discoveries into lifesaving therapies

The Center for Clinical and Translational Research uses clinical research — the
process of testing and refining innovations until they are safe and effective in
people — to develop therapies for many pediatric diseases and disorders.

Developing next-generation treatments

The center’s researchers are analyzing outcomes, generating research ideas and
working on clinical research studies designed to improve pediatric medicine and
child health. Our research includes:

Improving quality of life. Dr. Bonnie Ramsey and others continue their
groundbreaking research to develop better treatments for cystic fibrosis.

Defending children against viruses. Led by Dr. Janet Englund, our investigators are
spearheading new ways to help children ward off the flu and cther viruses.

Advancing new leukemia treatments. Each year, thousands of children with cancer
can't find a suitable donor for a potentially lifesaving bone marrow transplant. Dr.
Colieen Delaney is pioneering a technigue that uses stem cells from umbilical cord
blood as a viable substitute.
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Director

Bonhle Bameey, MO

Assoclate Directors

« Douglas Hawkins, MD

* Margaret Rosenfeld,
M, MPH

Areas of Focus

o Climcal research studies
"1 ehilldren

Academic and ingustry
partnerships
Bavelaomeant and

. . . . . . testing of novel devicas
experience as painless as possible. He and his colleagues are advancing various E A R R

technigues — such as improved patient education and better methods of giving effectiveness research

Improving pain management. Dr. Gary Walco is on a mission to make every hospital

shots — for making everything from surgery to blood draws less painful. Enidamiclogy-and
Biomarker research

Collaborations incubate discoveries Research Partners

The center is home to the child health branch of the Institute of Translational Health MG LTl
for Childhood Cancer

Sciences (ITHS), which was created to help researchers frecm Seattle Chitdren’'s, mesearch

the University of Washington, Fred Hutchinson Cancer Research Center and other Cystic Fibrosis

Foundation

Buke Clinical Resgarch

mstitlite

Fred Hutehinson Cancer

€€ Fvery clinician sees something that could change their patients’ lives, The center’s Research Center

Institute of Translational

Health Sclences

discoveries that improve clinical care” University of
Washinaton

regional health organizations translate discoveries into therapies.

job is to help them carry those observations into bench research and make

— Dr. Bonnie Ramsey

n
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CENTER MISSION

To restore children’s health
after injury through repair,
regeneration or replacement
of tissues, cells and organs.
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Center for Developmental Biology
and Regenerative Medicine

Helping the body repair itself

Researchers at the Center for Developmental Biology and Regenerative Medicine
are studying how the body responds to injury at the molecular, cellular, tissue and
whole-organ levels and are developing innovative therapies to help the body repair
itself.

Healing children through innovation and discovery

The center’s team is pursuing cutting-edge treatments for damage caused by
childhood developmental abnormalities (such as craniofacial malformation) and
illnesses (such as kidney disease or heart disease). Our research could improve child
health by:

Preventing birth defects. Dr. David Beier studies mutations that cause birth defects,
with the goal of understanding the fundamental biological processes that are
disrupted in these disorders.

Repairing craniofacial abnormalities. Drs. Michael Cunningham, Timothy Cox, Anne
Hing, Daniela Luguetti and A. Murat Maga research the molecular, genetic and
developmental causes of craniofacial maiformations. Their research could lead to
new techniques that help correct developmental abnormalities.
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Diractor
Cavid Beter, MD. PhD

Areas of Focus

= Developmental biology

» Stemcell and
regenerative madlcineg
Hyoacardlal
Reganeration Initiative

Hcs and genumics

Using stem cells to correct heart defects., Drs. Mark Majesky and Lisa Maves Research Partners
investigate molecular, biological and genetic approaches to heart formation. Their o Bred Mitehinzan
research could lead to new therapies for heart repair without invasive surgery or cer Research
transplant. 2
Kidney Ressarch
. Institute
Collaborations fuel progress toward treatments University of

Whashington
The center's members work in an open lab environment, allowing doctors and

Lnlversity of Pittsburgh

researchers to collaborate with experts in a wide range of disciplines. This Btigham and Women's

collaborative approach fuels advances in our common search for causes and Hospital
treatments of childhood illnesses.

£F | am delighted to be part of an institution with the level of commitment, energy and
resources that | see in the donors, the research institute and the hospital. Seattle
Children's provides a coflaborative environment where researchers work together
across benches to find cures, and ! enjoy participating in its cuiture of scientific
excelience.”

— Dr. David Bejer

13
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CENTER MISSION

To use studies of childhood
diseases and child
development to learn
fundamental principles
that can be translated into
improvements in children’s
health.

Rp B EBBREa,

Center for
Developmental Therapeutics

Pioneering therapies for a variety of disorders

Motivated by problems seen in clinical settings, the Center for Developmental
Therapeutics researchers devejop safe and effective treatments and preventive
measures that improve children’s lives. Qur expert team is pioneering revolutionary
therapies for Kawasaki disease, mitochondrial diseases, prematurity and stillbirth,
thoracic disorders, and environmental exposures.

Pediatric advances with global impact

Researchers at the Center for Developmental Therapeutics are working to improve
prevention and treatment of pediatric diseases and conditions by defining
fundamental principles and understanding molecular mechanisms. Our innovative
research pushes scientific boundaries to improve child health around the world by:

Saving newborns from respiratory distress. Drs. Tom Hansen, Peter Richardson, and
Charles “Skip” Smith have developed a low-cost, low-maintenance, and easy-to-use
respiratory support apparatus, Seattle-PAP, for use in resource-limited healthcare
settings. Seattle-PAP has the potential to save the lives of hundreds of thousands of
newborns each year throughout the world.

Improving diagnosis of mitochondrial diseases. The center’s world-class program
uses gene sequencing and genetic studies to improve diagnosis of mitochondrial
diseases. Our researchers — including Drs. Philip Morgan, Margaret Sedensky,
Sihoun Hahn and Albert Quintana — also study how to tailor care for patients with
mitochondrial defects.
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Pursuing healthier births in low-resource countries. Working with the Global
Alliance to Prevent Prematurity and Stillbirth (GAPPS), the center’s team studies
mechanisms underlying stillbirths and preterm births while raising awareness of
these problems.

Advancing therapeutic approaches. Dr. Michael Portman and his team have
introduced medications that reverse injury to the heart muscie, and have developed
therapies that improve outcomes for children with Kawasaki disease.

Improving outcomes for premature infants. The lungs of many premature infants are
underdeveloped and collapse due to the lack of adequate surfactant. Supported by
a Grand Challenges Exploration Grant from the Bill & Meiinda Gates Foundation, a
team led by Dr. Charles “Skip” Smith is pursuing the development of an affordable,
appropriate, artificial surfactant called GenExSurf. GenExSurf shows great promise
for use in developing countries, as it can be produced at a very low cost and may
not require a cold chain for transportation.

£€ \/\Vo work to improve health around the world by discovering and tailoring therapies
that are appropriate to the age, size, and stage of development of children, using
tools ranging from molecular to mechanical”

— Dr. Charles "Skip” Smith
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Director
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Obesity, nutrition,
exerclse and cigbetes
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CENTER MISSION

To advance the understanding
of the genetic basis of
disease, with the goal of
improving treatment and
developing cures.

.....
. #

Center for Genetics
and Development

Improving diagnosis and treatment of childhood disorders

The Center for Genetics and Development is creating a future where doctors can
use genetic information to identify, plan for and potentially correct genetic defects
and the disorders they cause.

Advancing breakthrough technologies and techniques

As our researchers work to mitigate and potentially cure pediatric disorders, their
groundbreaking work includes:

Developing advanced sequencing techniques. Center director Dr. Michae! Bamshad
and his colleagues helped develop exome sequencing, a breakthrough technique
that accelerates the process of identifying genes that cause disorders.

Pinpointing the causes of genetic disorders. Researchers in the center identified the
genetic variations that trigger Kabuki syndrome and Miller syndrome. Now they're
working to identify the mutations behind a variety of lung diseases, heart defects

and other disorders,

Answering complicated ethical guestions. New sequencing approaches radically
increase the amount of genetic information known about research participants and
raise questions about how that information could alter patients’ lives. The center’s
team, which includes a full-time ethicist, is considering these guestions now to lay
the foundation for future best practices.
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Director
Michael J. Bamshad, MB

Areas of Focus

« Aclvanced seqlencing
technologies

« Gane identification

« Blaosthlcs

« Mandellan disorders

Research Partners
Investigating ways to repair defective genes « Institute of

Translational Health

Knowing which genes and gene mutations may trigger a disorder helps doctors SRinGas

diagnose the condition, anticipate which health problems a patient might

« Liniversity of
develop and counsel parents about their child’s coming health challenges. Center Washington

researchers are taking their discoveries one step further by translating them into
real-world therapies — such as technigues for repairing or replacing defective
genes — that improve children’s lives.

£€ [n 10 or 20 years, we'll have genetic knowledge that will allow us to know whether
kids are at risk for conditions like autism before they're even born. This will lead
o new (reatments that reduce the impact of — and potentially cure — health
problems affecting children throughout the world”

— Dr. Michael! Bamshad o
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CENTER MISSION

Through scientific discovery
we will understand, treat,
prevent and cure infectious
diseases affecting people
across the globe from
neonatal to adult stages of
life. Our research teams will
develop effective solutions
so children can grow up to
be healthy adults.

e
......
- ®

......

Center for Global
Infectious Disease Research

Developing new strategies against infectious diseases

The Center for Global Infectious Disease Research translates basic biology into
strategies for diagnosing, treating and preventing infectious diseases and conditions
that impact people locally, nationally and globally.

International initiatives for healthier children

The center aims to develop new antibiotics, vaccines and antiviral agents.
Qur researchers are:

Taking aim at a global health threat. Dr. Timothy Raose is leading a multidisciplinary
team of researchers to nvestigate how the virus that causes Kaposi’'s sarcoma —
one of the most common pediatric cancers in Africa — spreads and turns cancerous.

Preventing mother-infant HIV transmission. Dr. Lisa Frenkel is a nationally
recognized researcher focusing on human immunodeficiency virus (HIV) with

a specific interest in preventing mother-to-infant transmission. In addition

to developing less expensive approaches to optimize care in low-resource
communities, her group is also performing studies to help determine how
infections persist at iow levels during treatment, which could form the basis of new
approaches to cure HIV infection.

Developing an Internet-based outbreak tracking system. Dr. Scott Weissman is
studying the growing public health threat of antibiotic resistance in bacteria and
developing innovative ways to identify and monitor the spread of difficult-to-treat
infections.
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Co-Directors
Lisg M. Erenkeal, ME
limothy Rose, FhD

Areas of Focus

Irfectious diseases | acutely and

chronically Hl patients
lobal health
Matural nistory ef infectious diseases

Discaovery and testing of antimicrobial
agents

Vaccine discovery and evaluation
Respiratary infections in chilldhood

Impreving treatment of disease

Stillirth and premature birth

K€ For us, every single day
is something new — &
new question to answer,
& hew problem to solve,
a new discavery (o make.
Advancing science isn't
easy, It can be a long
process. But every day we
come to work to improve
the quality of children’s
lives — that's what
Research Partners drives us.”
Bill & Melinda Gates Foundation — Dr Timothy Rose
BioTraces
Cystic Fibrosis Foundation
Enertechnix, Inc

Freg Hutehinson Cancer Raseaarch
Center

GAPPS

Glabal WACH

Institute of Translational Health
Sciences

Micronics, Ine

Narth Coast Biolaglcs

PATH
Seattle BloMed
Univarsity of Washington o
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CENTER MISSION

To harness the immune
system’s power to prevent,
treat or cure life-threatening
childhood diseases.

Center for Immunity
and Immunotherapies

Pursuing cures for immune disorders

Millions of children develop life-threatening infections because their immune system fails
to protect against invading viruses or bacteria. Many other children suffer from diabetes,
arthritis and reiated conditions when their immune system turns against the body. The
Center for Immunity and Immunotherapies pursues new ways to understand, treat and
cure these life-threatening conditions.

Advanced therapies disarm disease

Center researchers study disorders that yield extraordinary insights into how the immune
system operates. This helps the center pursue therapies in the same way that previous
Immune discoveries led to new drugs for arthritis and cancer. Our researchers are:

Developing novel gene therapies. Led by Drs. David Rawlings and Andy Scharenberg,
the center pioneers technigues that replace or repair the malfunctioning genes
behind immune disorders, These therapies are being tested in clinical research
studies and will have a major impact on pediatric genetic diseases.

Rapidly identifying immune diseases. Drs. Troy Torgerson and Hans Cchs have
developed unigue approaches to rapidly identify patients with immune diseases.
They provide testing for patients worldwide via the Immunology Diagnostic

I aboratory, This lab alse works with the state newborn screening lab to identify
infants with life-threatening immune diseases.

Promising new hemophilia treatments. Dr. Carol Miao is developing gene therapy
and immunomodulation strategies for treating hemophilia in children. Currently,
hemophiliacs must visit the hospital during bleeding crises. The new therapy could

eliminate bleeding episodes, increase guality of life and decrease medical costs.
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A global reputation

The center has developed a global reputation in identification of the genetic causes
of immune disorders and understanding how such changes promote disease. Center
researchers have contributed to breakthroughs in two additional areas of importance:

« A better understanding of both rare and common immune disorders such as
lupus, inflammatory bowel disease, muiltiple sclerosis and Type 1 diabetes ~
leading to new biomarkers, treatments and drugs to control these disorders.

Advancements in the science of genome editing and reprogramming that will
enable the human immune system to actually heal itself. These technologies
hold the promise of a permanent solution to conditions that are now considered
incurable, ranging from immune deficiency to sickle cell disease to AIDS.

£F As aparent and a physician, | am continually armazed by the capacity of our patients
and their farmilies to adapt to the challenges of living with a chronic immune-system
disease, As a physician-scientist, | am driven by the challenge to make this batlie
less difficult by whatever means possible — now and in the future.”

— Dr. David Rawlings
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CENTER MISSION

To understand the
mechanisms beneath
pediatric neurclogical,
neurcdevelopmental and
neuropsychiatric disorders
to lay the foundation for
innovative treatments,
prevention strategies and
potential cures.

......
W .y

.....
e

Center for
Integrative Brain Research

A transformational approach to neurological disorders

The Center for Integrative Brain Research brings together experts from distinct areas
to understand all facets of a disease. By sharing knowledge at the genetic, molecular,
cellular, network and behavioral levels, our researchers unlock how these facets spawn
disorders — setting the stage for comprehensive treatments and potential cures.

Pursuing breakthroughs with a world-class team

The center has assembled renowned neuroscientists who bring established expertise,
funding and an eagerness to work together. Their work could improve patient
outcomes by:

improving diagnostic technigues. Dr. Rusty Novotny combines images from different
systems (like PET, MRI and CT scans) to create a clearer view of what happens in the
brain, and to improve epilepsy diagnosis and treatment.

Understanding early brain development. By investigating the genetic basis of brain
malformation and the cerebellum’s early development, Drs. William Dobyns and Kathleen
Millen advance diagnosis and potential treatment of complicated brain disorders.

Exploring impulse controf disorders. Dr. Susan Ferguson unravels the complexities of
rhe neural pathways beneath impulse control disorders to heip get to the root of ADHD,
Tourette’s, addiction, eating disorders, anxiety and depression. Her tearm has developed
technologies to study how these disorders affect behavior.
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Tackling breathing disorders. Qur researchers identified key mechanisms behind

sudden infant death syndrome, sleep apnea and other breathing disorders — a key
step toward innovative new treatments.

Training future neuroscience leaders

We are passionate about training the next generation of leading neuroscientists. The
center encourages faculty to teach and mentor new scientists and clinicians. This
ensures a constant flow of new ideas that keep our work at the forefront of science.

£§ Our center is different because we have scientists from many disciplines working
together to cure childhood neurological disorders. The vision was to have people
exchanging ideas that aren't generated in a typical environment where you only
talk to people in your own discipline. if vou can work on the same floor, you can
talk and exchange ideas.”

— Dr. Nino Ramirez
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CENTER MISSION

To improve the lives of
children and their famiiies
by enhancing ethical
deliberation in pediatric
healthcare and research.

Director
Benjamin 5 Wilfand, MD

Areas of Focus

o GENDMICS

» Glabal heaitn
Immunizations
Resaarchethies
End oflife

Mew technologies

“Pecpce

LI T

The Treuman Katz Center
for Pediatric Bioethics

Framing complex ethical questions for better decisions

The first program in the country to focus exclusively on pediatric issues, the center
serves as a national resource for addressing the complex bioethical issues affecting
families, healthcare institutions and society. Our team provides practical guidance
to research and clinical teams, hospital leadership and families who are facing
difficult decisions where there is ethical uncertainty or disagreement,

Training the next generation of bioethicists

The center is committed to training clinicians for academic careers in bioethics.
By engaging the next generation of scholars, teachers and consultants, we help
establish the best practices and approaches that.guide ethical decision making.

k€ At a time when the ethical landscape is gelling
more complicated, we are helping guide parents,
researchers and providers through today's complex
ethical challenges.”

— Dr. Benjamin Wilfond
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The Science
Adventure Lab

Advancing health through science education PROGRAM MISSION

The Science Adventure Lab brings authentic, interactive science experiments To work in partnership

to students in a custom-built, state-of-the-art mobile laboratory. Scientists from with teachers, schools and
Seattle Children’s Research Institute lead hands-on experiments and students communities to deliver
become health investigators in a true-to-life lab setting. The program is intended innovative educational

to offer innovative science experiences, encourage healthy behaviors and increase experiences that inspire a
interest in science and healthcare careers. passion for science among

school-age children and
promote better health
among the youth of

Real-world lessons with life-changing possibilities

The curriculum is designed to inspire a passion for science, promote better health .
Washington state.

and encourage the type of critical-thinking skills needed for today’s science careers.

Teaching modules use inquiry-based learning, the scientific method and skills such

as observation, measurement, prediction and testing. Director

Amanda Jones, PhD
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Total research awards in 2013:
$76.2 millien

Corporate:
Other: $665,794  $7.8 million

/

Foundation:
$15.9 miliion

Less than half a cent of every
healthcare dollarin the US. is

spent on pediatric research.
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Diverse Funding Supports
Lifesaving Research

A broad combination of funding sources fuels research institute progress toward
better treatments and potential cures. Most of our funding comes via grants from
the federal government, private corporation grants and philanthropic gifts.

Help create a healthier future for all children

Our ability to attract federal funding moves our science forward and helps us draw
and retain world-class researchers.

Philanthropic support, however, provides essential funding for a variety of needs,
including seed money for innovative research projects. It enables cutting-edge
researchers to generate preliminary results that attract funding from the NIH or
other large entities. '

Thanks to the generosity of our community, we are accelerating research that will
advance the practice of pediatric medicine in our region and across the globe. Our
supporters range from major foundations to individuals, families and guilds — all of
them motivated by the goal of improving the lives of children.

£€ [very child is touched by pediatric research. It's an investment in the future of
our children, not only here in Seattle, but throughout the Pacific Northwest and
around the world. Our donors belicve in what Seattle Children’s can accomplish
and want to be part of something that will improve the world around them.”

— Dean Allen, Chair, Research Institute Advisory Board
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How you can help

Give now. People have many reasons for giving. You may have had a personal
experience with Seattle Children’s, or you may simply be interested in the well-being
of all children. Your donation will provide hope where it truly makes a difference.

Become a Research Champion. Becoming a Research Champion is a meaningful
way to sustain our groundbreaking research. Individuals and family foundations

can become Research Champions by donating $1,000 or more to research in one
calendar year. Organizations can join with a gift or grant of $2,500 or more. We offer
members the opportunity to engage with world-renowned scientists and fellow
Research Champions through social and scientific events.

Join or start a research guild. Get together with friends, family and co-workers and
turn an activity you love into a way to support research at Seattle Children’s.

I AM A SEATTLE CHILDREN’S RESEARCH CHAMPION

£€ 'm 5 strong supporter of Children's and became a Research Champion this year
because research is the way we find cures and improve life for children and their
families. The idea that every child should grow up free of ifiness or injury is truly
significant — and research is a way to make that a reality. | believe that people
coming together as o community to support research can have a powerful effect
focally, regionally, and beyond. As an individual, this gives me the opportunity to
have a broad and enduring impeact. ! like that.”

— Susan Mask, Hospital Trustee, 2013 Research Champion
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Hope. Care. Cure.

=) Seattle Children’s®

HOSPITAL « RESEARCH = FOUNDATION



Hope. Care. Cure.

Our Mission: We believe all children have unique needs and should grow up
without illness or injury. With the support of the community and through our
spirit of inquiry, we will prevent, treat and eliminate pediatric disease.

2 Scattle Children's’

HOSPITAL * RESEARCH » FOUNDATION

© 2012 Sealtle Children’s, Seattle, Washington. All rights reserved.
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MISSION BAY HOSPITALS TR Y EETET LR I )

Care for Children,

Women and

Cancer Patients

This next-generation hospiial complex at Mission Bay is uniquely designed to
meet the needs of children, women and cancer patienis. it sets a world-ciass
standard for patient- and farmily-centered health care, safely, sustainability and
translational medicine.

UCsF Medical Center

UCSF Benioff Children’s Hospitals
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Message from the CEO

UCSF Medical Center at Mission Bay profoundiy advances
our ability to fulfill our mission as a public hospital, providing
high-quality health care that will meet the furure needs of the
entire Bay Area.

Now that we have clinical care facilities side by side with

our research enterprise at Mission Bay, UCSF physicians and
scientists in the forefront of cancer medicine and women’s and
children’s health will be able to more readily translate discoveries

into next-generation therapies and cures.

(e ] Lok

Mark R. Laret

Chief Execudive Officer

UCSF Health

UCSF Medical Center

UCSF Benioff Children’s Hospitals
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With its integrated complex of children’s, women'’s and cancer hospitals, UCSF Medical Center
at Mission Bay sets a benchmark for patient- and family-centered health care. Our focus
here is to improve the patient experience, enhance patient safety and perpetuate our 150-year
legacy of pioneering the finest translational medicine into the 2lst century and beyond.
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TO ACHIEVE OUR VISION

After listening closely to our patients, we’ve done — and will continue to do — everything possible to consistently meet their needs, from ensuring the finest, safest
ana most up-to-date medical care to creating a supportive hospital experience that allows people to maintain touch with their lives outside of the clinical setting.

MEDICAL ADVANCES SAFETY TEAM-BASED CARE COMFORT

Our new hospitals are on the same We've implemented evidence-based Our integration of cancer, women'’s Our bright, family-friendly rooms,
campus as UC San Francisco’s patient safety protocaols, efficient elec-  and children’s hospitals in one place intimate green spaces and innovative
world-renowned research enterprise, tronic health records and sophisticated  facilitates team-based care for condi- art and child life programs create a
50 physicians and scientists in the technologies from robotics to imaging,  tions that often require experts from uniguely humane environment that
vanguard of cancer medicine and while incorporating the highest stan- multiple fields. engages and supports entire families
women’s and children’s health can dards of energy efficiency, seismic throughout the healing process.

accelerate the translation of laboratory — safety and sustainability.
discoveries into next-generation
therapies and cures.
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LEADERSHIP IN CHILDREN’S HEALTH
UCSF Benioff Children’s Hospital San Francisco:

2

Is among the nation’s best children’s hospitals in nine pediatric specialties.”

s a leader in fetal diagnosis and treatment, including having performed the

first successiul fetal surgery.

¢ Cares for more than 1,000 infants each year in what was one of the first

neonatal intensive care nurseries in the world.

Delivers specialized treatment for infants who show signs of brain damage,
in the first neurcintensive care nursery in the United States.

Is among the largest bene marrow transplantation centers for children in
North America.

= Delivers the most advanced care for childhood stroke from experts at the

UCSF Pediatric Stroke and Cerebrovascular Center.

*1).S. News & World Report, Best Children’s Hospitals 2015-16

CHILD LIFE PROGRAMS

Because young patients can require frequent or lengthy stays (weeks or even
months), our nationally recognized Child Life Department helps children and
teens find their time with us comforting, stimulating and life-affirming. Our child
life spaces incluae:

©u Marie Wattis School, a dedicated, accredited San Francisco Unified Schocl
District classroom

o A Creative Arts Studio for dance, music and other forms of live performancs,
which is staffed by a creative arts therapist and artists-in-residence

% A Digital Arts Studio with multimedia workstations, private listening rooms
and technically advanced equipment

= A Playroom with toys, board games, puzzles, bocks and arts-and-crafts
materials

I A Teen Lounge with foosball, crafts, board games and video games
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UCSF Betty Irene Moore Women's Hospital




A N ] - B | _ Sl et e T ey ' . LA . r, L it
bed birthing center is adnacent to UCSF Benioff Childven's | fosperal San Franctseo and
< = [

UCSE Bakar Cancer Hospatal, enalil HE hattenly 1o fdve iiamicdidie gecess 10 oler speclalizea seriices.

LEADERSHIP IN WOMEN’S
HEALTH

UCSF:

Created the first in vitro fertilization
program in the Bay Area.

Revolutionized the field of prenatal
diagnosis, proving the safety and
accuracy of tests now routinsly
used to screen for hirth defects.

Founded one of the first birth
centers in the nation.

Launched www.breastcancertrials.
org, the first website designed to
help breast cancer patients find
clinical trials for which they may
bea eligible.

Was designated the first National
Institutes of Health (NIH) Specialized
Center of Research on Lower
Urinary Tract Function in Women.

PREGNANCY AND CHILDBIRTH

For women experiencing both normal
and high-risk pregnancies, we provice
team-based care, which can include
certified nurse-midwives, expert ob-
stetricians and leading neonatologists,
depending on the needs of your preg-
nancy and your preferred approach.

CANCER CARE

Women with cancer have access to
speciatists who understand women’s
distinct needs - as well as to new diag-
nostic tests and treatments that help
specialists personalize care to individual
biology and preferences.

A HEALING ENVIRONMENT

Expansive two-story atria, intimate
meditaticn spaces, soft color schemes,
exceptional antwork and patient rooms
that maximize the use of natural light
and offer views of our city and gardens
support the emoticnal and spiritual
aspects of healing.
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¥ UCSF Bakar Cancer Hospital

The UCSF Helen Diller Family Comprehensive Cancer Center is.one of only 10
National Cancer Institute-designated Comprehensive Cancer Centers in the western
United States and is world-renowned for its research discoveries, clinical care and
dedication to eliminating cancer as a life-threatening disease. Surgical and oncological
advances pioneered or refined here have improved treatment for nearly every type of cancer.
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INTEGRATING RESEARCH AND CLINICAL CARE LEADERSHIP IN CANCER CARE

As a part of the UCSF Helen Diller Family Comprehensive Cancer Center, our new 70-bed UCSF The UCSF Helen Diller Family Comprehensive

Bakar Cancer Hospital builds on the center’s tradition of excellence. The close proximity to the Cancer Center:

UCSF Helen Diller Family Cancer Research Building, which is co-located on the Mission Bay B Ranks consistently among the very top cancer care
campus, facilitates collaboration between scientists and physicians, thus speeding the latest centers in the nation, according to the “Best Hospi-
evidence-based treatments to patient care. tals” survey from U.S. News & World Report.

® Hanks fifth nationally in the size of its National
Cancer Institute Cancer Center Support Grant,
resulting in research at UCSF that has led to
muttiple Nobel Prizes and forms the basis for
some of today’s most promising cancer studies.

m Developed a new class of targeted chemotherapy
* drugs, called immunoliposomes, designed to re-
duce treatment toxicity and increase effectiveness.

A !

B Pioneered and proved the effectiveness of a

SUPPORTIVE SERVICES mapping technigue that allows for the safe removat

We also know that healing reguires more than the finest science. Symptom Management and el blietes sl el Diete o iy i Wil [l

Integrative Medicine are just two of our supportive care services. The Ida & Joseph Friend Cancer = Refined greatly the risk associated with certain
Resource Center enables patients to access community services, a large network of peer support cancers, leading to treatrment with fewer side
volunteers, support groups and educational programs. And the Ernest H. Rosenbaum MD Art for effects - or, in some cases, no treatment at all,
Recovery program provides the opportunity to express through art the intense feelings that can just careful monitoring.

arise during a life-threatening illness. B Routingly uses minimally invasive, robotic-assisted

surgical procedures for cancers of the prostaie,
kidney, bladder, ovaries and other organs. In the
hands of expert surgeons, this approach can facili-
tate faster recovery and discharge from the hospital
than more traditional approaches.

B |s at the forefront of molecular research that prom-
ises to make it possible to more precisely develop
cancer treatments for individual patients.




[nnovative Spaces That Optumize Care and Create Community

While expert clinicians will always be at the center of effective care, many other factors
contribute to the complex processes of healing and recovery, From our original vision
through implementation, we've paid close attention to everything that can help restore
our patients’ health and well-being. '
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ENHANGCED CLINICAL CARE AND PATIENT
SAFETY

Throughout the new medical center, we've implemented
“a number of advances that:

® Prevent hospital-acquired infectiocns by making every
room a single-bed room, with hand-washing sinks
and hand-sanitizer dispensers near entryways.
Onre-hundred-parcent fresh air circulates throughout
the hospital at all times.

B Reduce the risk of medical errors by helping reduce staff
fatigue with well-lit, efficiently iad-out workspaces.

B8 Facilitate faster response times through decentralized
nurses’ stations, which keep nurses closer to their patients,
and electronic real-time locating systems for necessary
medical equipment.

A HEALING AND SUPPORTIVE ENVIRONMENT
In our patients’ rooms, enormous windows offer views of
the bay, the city or the hospital’s gardens. Recessed entries
create semiprivate “front porches” for family-doctor consults.
Sleeper couches and lockable storage cabinets for personal
belongings ease overnight stays.

Qutdoor balconies and terraces enable patients, their families
and staff to experience fresh air and sunlight from within every
patient care unit. Gardens and a vehicle-free, pedestrian-
friendly public plaza add to the hospitals’ green space. Other
patient amenities include meditation rooms, private consuli
rooms, valet parking, on-demand food service and family
living areas with showers, laundry facilities and kitchens.
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STATE-OF-THE-ART TECHNOLOGY FCR TODAY
AND TOMORROW

Our spacious operating rooms are fully integrated to op-
timize technology interfaces throughout the hospitals and
beyond. Connections with other areas of the facility speed
test results and clinical insights to the OR table. User-friendly
monitors enable clinicians to view a remarkable array of pa-
tient information, including images of radiclogy or lab results
and real-time patient data.

As part of our efforts 1o reduce health care costs and maxi-
mize efficiency, a fleet of TUG mobile robots transport food,
linen, waste, squipment and supplies.

INTERACTIVE PATIENT CARE

Large, smart displays coupled with bedside tablet comput-
ers are in the patient rooms as part of Oneview interactive
patient care system, a hub for education and entertainment.

All patients can use the Oneview system to consult with
clinicians, learn about their medical conditions and treatment
plans and order meals. Children can continue their studies
with classmates. Adults can stay in touch with faraway
relatives and friends.

IMAGING SUITE

In the new children’s hospital, children undergo CT scans
and MRIs in a specialized imaging suite that allows them 1o
select a theme of sights and sounds, thereby transforming
their diagnostic visit into an adventure tallored to their partic-
ular interests. This minimizes their anxiety and restlessness,

resulting in better-quality scans.
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UCSF RON CONWAY FAMILY GATEWAY MEDICAL BUILDING

The new medical center provides a continuum of care through specialty
outpatient services housed in UCSF Ron Conway Family Gateway Medical
Building at the north end of the complex. The six-story building has clinics
for everything from dialysis to pelvic reconstructive surgery, from pediatric
oncology to cardiac care. With 126 exam rooms, 10 cutpatient procedure
rooms, 18 specialty rooms such as audiclogy booths, five dialysis stations
and 36 infusion bays, this facility can accommodate more than 120,000 visits
annually from women, chitldren and cancer patients. The building is also the
home of San Francisco’s only regularly operating hospital helipad.

LEED GOLD MEANS ENVIRONMENTAL SUSTAINABILITY

UCSF Medical Center at Mission Bay integrates best practices in sustainable
architecture to create a hospital complex that enhances the healing, health,
safety and well-being of our patients, while also preserving our environment, By
consenving water, improving energy performance, incorporating healthy building
materials and more, we are the first facility of our size in the US 1o receive LEED
(Leadership in Energy and Environmental Design) Gold certification.

FOURTH STREET PUBLIC PLAZA CONNECTS US TO OUR
COMMUNITY

We worked with the City and County of San Francisco to transform Fourth
Street from a busy vehicular thoroughfare to a dynamic, car-free public plaza
that includes:

B A multipurpose, tree-lined promenade for pedestrians and bicyclists

m A raised amphitheater for outdoor events and concerts

B A bench walk well suited to lounging in the sun

B A peacelful tree grove for relaxing breaks

The plaza is the crowning touch on an intimate, innavative and expansive
community of healing and restoration. 274



UCSF BENIOFF CHILDREN'S HOSPITAL SAN FRANCISCO is named in honor of Marc and Lynne Bemoff,
whose generosity helped build a new home for UCSF Benioff Children’s Hospital at Mission Bay. The Benioffs’ geal is
that the state-of-the-art facility serve as the most advanced children’s hospital in the world, providing patieat-centered
care, supporting the translation of medical research into clinical practice, developing the next generation of medical

technology and training the caregivers of the future who will advance health care worldwide.

1 The UCSF BETTY IRENE MOORE WOMEN’S HOSPITAL s named in henor of Betty Irene Moore, a patient
safety pioneer and advocate. The generosity of Bay Area residents Gorden and Betty Moore helped fund the region’s first
women’s hospital and advance the innovative initiatives of the UCSF National Center of Excellence in Women'’s Health.

The Moores’ leadership and philanthropy have profoundly influenced heaith care practices throughout the United States.
L = v

The UCSF BAKAR CANCER HOSPITAL was named in recognition of philanthropists Gerson Bakar’s and Barbara
Bass Bakar’s long-standing commitment to support cancer programs and research at UC San Franasco. Located
adjacent to a state-of-the-art cancer research building, the facility brings clinicians and researchers together to not

only develop new treatments, but also bring these treatments to the patient’s bedside more rapidly.

e
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The UCSF RON CONWAY FAMILY GATEWAY MEDICAL BUILDING is named in honor of angel investor
and philanthropist Ron Conway, his wife, Gayle, and their sons, Ronny, Topher and Danny. The Conway family’s
generosity helped fund the outpatient medical building at UCSF Medical Center at Mission Bay, a facility noteworthy
for the connection it provides between the high-quality inpatient medica: care provided at the three specialty hospitals

and the groundbreaking continuing care that is provided to outpatients.
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UCSF Medical Center

UCSF Benioff Children’s Hospitals

The Mission Bay hospitals are comprised of:

UCSF Ron Conway Family
Gataway Medlcal Building

UCSF Benioff Children's UCSF Betty lrene Moore UCSF Bakar Cancer Hospital
Huspital San Franciscu Women's Hospital 5
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California’s Liistlecone pines are some of the oluasi treas in the vonic.

Crunch Time for Farmers

To understand what'’s at stake, it helps to consider that the global
human population recently topped 7 billion and is expected to
reach 10 billion in just 35 years. This population crush equates to
crunch time for farmers. More pecple means surging demand for
the myriad of products plants provide, from food on the table to the
shirts on our backs. United Nations experts predict that agricultural
yield must double in the next two decades to meet the demands
for natural rescurces. And as the pressure on farms constantly
increases, weather patterns are increasingly inconstant. Thanks to
global climate changes, some regions are experiencing extreme
drought and desertification, while others are experiencing violent
storms and flooding.

“In California right now, everyone’s focused on the drought, and
for good reason, but water stress is only one kind of stress plants
experience,” says Chory, who Is also a Howard Hughes Medical
Institute Investigator end holder of Salk’s Howard H. and Maryam
R. Newman Chair in Plant Biology. “These old bristlecone pines,
exposed on the side of a mountain, have seen extremes of all
sorts—really hot, really cold, lots of water, no water.

“Agricultural crops grow in mere moderate conditions,” she
adds, “but they still have to cope with various kinds of stressors,
and farmers have tc make sure they plant the right varieties for the
climate, or they'll end up with a poor vield or dead crops. With rapid
climate change, a great challenge is for our agricultural practicas to
keep up with environmental extremes.”

This is where science can help. One of the great breakthroughs
in science was the discovery that when farmers breed for certain
desirable characteristics, they are selecting for certain genetic
patterns. A recent study published in the journal Ceff, for instance,
identified a specific gene, COLD1, that confers cold tolerance to
domesticated rice grown in Japan, where temperatures can be
teo chilly for wild rice species. Finding a gene that helps a plant
survive cold stress helps explain what was going an under the hood
as farmers drove rice cultivation further north. It might also help in
the development of new varieties of cold-tolerant rice or convey cold
tolerance to other crops through genetic engineering.

As Chory points out, a single plant can experience a range
of extremes over its lifetime, or even over the course of a year.
Joseph Noel, another Salk plant biologist and longtime collaborator
with Chory, notes that there are trade-offs in a plant’s ability to
telerate certain types of stress.

“A plant that is highly drought resistant isn't going to grow
as well in a rainy year," says Noel, holder of Salk's Arthur and
Julie Woodrow Chair and also a Howard Hughes Medical Institute

Jianyan duzng and Xiaoho Zhav explore how planis cope with siress from excess light and heat,

Investigator. “Ideally, a farmer would be able to look at the climate
forecast for the upcoming growing season—which have gotten much
more accurate—and pick a crop variety that's optimized for the pre-
dicted weather. It would work sort of like getting a yearly flu shot,
where the vaccines are developed based on informed pradictions. It
won't work all the time, but on average, you'd come out with better
results and more sustainable crop yields.”

Plants, Proteins and Possibilities

In a new line of research, Noel's lab is exploring a related cencept:
how plants respend to subtle variations in drought. Specifically, he's
studying a plant hormone called abscisic acid (ABA) that, among

other things, turns on a plant’s emergency response program during:

dreught. When the roots sense the soil is drying out, they release
ABA, which travels through the stems to the leaves. There, the
hormone closes the stomata, the openings in the leaves that ex-
change oxygen for carbon dioxide. This conserves the plant's water
stores, as water vapor can escape from the open stomata. Scientists
knew that ABA signaled the stomata to close by flipping molecular
switches known as PYR/PYL receptors,14 varieties of which are
found in Arabidopsis thaiiana, a mustard plant that serves as a
model for plants in laboratory research. Initially, scientists thought

# the interactions seemed to be all-or-nothing in that ABA bound all

versions of the receptor, switching them all on when it was present.
In recent studies however, Noel's team believes they've uncovered a
more complex relationship, one in which alternate forms of the ABA
hind some, but not all, of the PYR/PYL recepters, and bind some
receptors mere tightly than others.

“Locking at this through the lens of evelution and adaptation,
it could mean that this gives you a range of different rasponses
to dry soil,” says Noel. “We thought the ABA drought respanse
function was an on-off switch, but maybe it's more like a dimmer
switch, where you can dial in a precise response to water stress.
Back to that idea of precision agriculture: the farmer could pick the
appropriate variety of plant based on its ABA profile and match it to
climate forecasts.”

In another project, Charisse Crenshaw, a pestdoctoral researcher
in Noel's lab, has teamed up with Salk Associate Professor Tatyana
Sharpee, an expert in computational biology and neuroscience,
to study the flexibility of a plant's genome in responding to its
environment. Plants have apparently repurposed a few basic protein
designs to serve multiple functions, exploiting a biochemical
phenomenon called “promiscuity.”

Crenshaw’s focus is on the largest class of natural products,
called terpenoids, which are responsible for plant defenses and a
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number of other functiens, including generating aromas that attract
bees or deter plant-eating organisms. Cranges, for instance, pro-
duce a terpenoid called valencene that smells like...well, oranges.
Terpenoids also give mint and lemongrass their distinctive scents.
Small changes in the genes responsible for a subclass of terpenoids,
known as terpene synthases, allow these enzymes to output diverse
chemicals that protect the plant against a range of different foes,
including bacteria, fungi and insects. Crenshaw hopes to shed light
on the origins, evelutionary history and driving forces responsible for
this vast diversification of function.

Crenshaw and Sharpee study a terpene synthase from tobacce
called 5-epi-aristelochene synthase (TEAS) that helps generate a
natural antibictic, capsidiol, to protect the plant from meld during
wet periods. The plant generates TEAS based on instructions in its
DNA, and variations in that gene among different plants result in
terpene synthases with different shapes. The plants produce ver-
sions of TEAS that best help them defend themselves in their local
environment. In other words, plants have learned how to combat
antibictic resistance long before we humans even knew antibiotics
existed. In the laboratory, Crenshaw and colleagues generated 500
versions of TEAS by mixing and matching mutations that were
identified in nature much like others have identified specific mu-
tations in varicus human cancers. Tweaking the DNA code altered

‘the sequence of amino acids, which in turn changed the enzyme's

properties when the long chain of amino acids folds into a three-
dimensional structure. When Crenshaw tested the heat tolerance of
the different TEAS mutants the results were surprising.

Working with Sharpee and University of California, San Diego
graduate student Jonatan Aljadeff to apply theoretical models bor-
rowed from physics te analyze the data, Crenshaw found that many
combinations of the mutations she intreduced had modest effects
on the thermal stability of the molecules. For instanca, most of the
proteins were stzble up to 40 degrees Celsius (or 104 Fahrenheit},
within some range. But this wasn't always the case. Some of her
tiny tweaks led to huge shifts in thermal stability, with some of the
proteins capable of withstanding temperatures of up to 53 degrees
Celsius (127 Fahrenheit).

“Most variations of TEAS have similar characteristics, so it's
almost as if there is a mechanism keeping the thermal stability of
the protein close to the status quo,” she says. ¥But then you've got
these occasional non-linear effects that pop up, where the proteins
are stable at temperatures way outside of the norm. So, resilience
to even higher temperatures can be accessed through relatively few
DNA sequence mutations. And this is possible without plants losing
their ability to synthesize critical natural chemicals used for protec-
tion and improved growth.”

“I'm really interested in exploring what's possible,” Crenshaw
adds. “The potential in the plant genome to adapt to wide varia-
tions in ¢limate is vast. | believe this is the power and promise of
understanding plant evolution to help us adapt to changing climates
across the globe.”

Some Like it Hot

Crenshaw's quest fo plumb the possible is really an extension of
something humans have been doing for thousands of years. Because
we have always relied on plants for our survival, it's a good bet

that we humans have eaten (or gingerly tasted) every plant we've
encoyntered. Many of those we liked, we've medified to our tastes.
In the case of the wild cabbage, for instance, humans selecting for
different desirable characteristics turned a single species, Brassica
oferacea, into a smorgasbord of crops that includes broccoli, cau-
liflower, kale and Brussels sprouts. Corn is ancther prime example.
Corn has long been a food staple in the Mexican culture of the Baja
California region near the Salk Institute. The modern corn used by
Mexican families to make tortillas and tamales is a far cry from the
primitive maize plant, which produced a single, spindly cob covered
in tiny kernels. First domesticated 10,000 years ago by ancient
farmers, millennia of artificial selection have produced the robust,
completely domesticated varieties that produce multiple large cobs
per plant—each covered in juicy, pea-sized kernels.

In other cases, plants we use for food didn’t need any coaxing
to survive—even when we moved into less than hospitable climates.
Those Mexican families mentioned earlier also eat wild prickly pear
cactus. This thorny emblem of the desert is a great example of a
plant that can survive in an extreme environment. In addition to
being dry, deserts are also extremely hot and sunny, and as a result
cacti and other desert plants are fine-tuned to these conditions.
These adaptations are the result of millions of years of natural
selecticn, but what if domesticated crop varieties could be conferrad
similar properties through traditiona! breeding or genetic engineer-
ing? If so, it might improve crop yield during hot, dry climate swings
or allow crops to be introduced to new regions—for example, wheat
could be grown in a more arid climate than is now possible. The
first step to answering the question is to untangle the molecular
pathways and genes that are activated when a plant is stressed by
heat and high light—exactly the challenge that Joanne Chory's team
is currently tackling.

In the cells of a plant’s lsaves, organeiles known as chloroplasts
are responsible for photosynthesis, the conversion of light energy
into chemical energy necessary for the plant to survive, The energy
captured is used to convert carbon dioxide from the air into high-
energy compounds like glucese and starch. One of the byproducts of
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photosynthesis is oxygen, which is released as a waste product and creates
the atmosphere we oxygen-breathing creatures require to roam the Earth.

Because chloroplasts are so essential to a plant's survival, it is critical
for & cell to be informed about their functional state and for the cell's
nucleus, its control center, to operate in concert with tha chloroplasts.
The nucleus contains the majority of the plant’s DNA, but the chloroplasts
also contain a short strand of DNA. Chlcroplasts were once independent
microorganisms, but somewhere along the line were incorporated into plant
cells. Chloroplasts contain about 117 genes, 87 of which are code for
proteins invelved in directing chloroplast function.

In previous greundbreaking research with Arabidopsis, Chory's team
discovered how the nucleus and chloroplasts communicate about the
production of the photosynthesis machinery. Parts of the system are built
in the chloreplast and other parts are built in the nucleus, but the final
melecular complexes are assembled in the chlcroplasts. They found that
signals sent from the chloroplasts to the nucleus helped coordinate this
coraples areess. In another study, Chory and her collaborators identified
a gene that is a key player in signaling hetween the chloroplasts and
nucleus. That discovery laid the groundwork for exploring precisely how
plants respond to stress, since ceardinating cellular responses to protect
and repair chloroplasts 1s erifizal o @ plant’s survival. It alse suggested
an avenue for augmenting a piant’s resilience to envircnmental stressors.

Moare recently, Jesse Woodson, a staff scientist in Chory's lab, has
identified & mechanism in plant leaves that telis cells to recycle chloro-
plasts damaged by extreme heat, light or other sirassers By removing the
damaged chloroplasts, this system theoretically prevents the entire cell
from dying.

“Maintaining an existing call takes less energy than generating an
entirely new one, so this could be a damage control strategy for plants,”
says Chory.

In another ongoing line of research, Xiaoho Zhao, & postdoctoral
researcher in Chory’s lab, found that a certain gene mutation made plants
more sensitive to heat stress. He is now exploring whether amplifying the
exprassion of the normal form of the gene might make plants more heat
resistant. “One goal is to identify the entire pathway by which plants
respond to heat stress,” Zhac says. “There are general stress mechanisms
that are triggered by a number of different stressors, whether it's a cold
snap or a hungry insect, but we think we've found a gene that is specifi-
cally involved in heat stress. We are also hoping te find ways to control a
plant’s heat response, so it could grow efficiently in hotter ciimates, and
this gene is a promising lead.”

A Bright Future

On a related front, the Chory lab is searching for a switch that controls
plants' response to light intensity that is especially high. Plants have
evolved to Earth’s particular light cycle and to the light conditions found

at the longitude and latitude they call home. Farmers often grow crops
that originate in climates that are very different from that of their farms.

In places like Australia, Africa, Mexico and the southwestern United States
crops have to centend with sunlight that is particularly intense—more
intense than many plants need or can withstand.

“When there is more light than the plant needs, the excitation energy
exceeds the capacity of the photosynthetic apparatus, which results in a
buildup in leaves of reactive oxygen molecules such as hydrogen perox-
ide," says Jianyan Huang, the postdoctoral researcher feading the study.
"These moiecules trigger a stress respense to the high light conditions. If
the plant’s response isn't adequate, the excess reactive oxygen can damage
the plant—for instance, damage to chloroplasts and the loss of chlerophyll
results in the leaves turning pale, a phenomenon knewn as bleaching.”

www.salk.edu

Chisronlasts (;reen), the living solar paneis within a plant cel, can be
daruaged by extremes of temperature ang light.

One way a plant responds te extreme light conditions is to put the
brakes on its photosynthesis system. When reactive oxygen molecules start
to build up, the plant cells reduce the size of the light-harvesting complex
in chloroplasts to relieve the oxidative stress. It's akin to removing the solar
panels from your roof on an extremely sunny day to prevent damage to your
house’s electrical system.

In ongoing experiments, Huang is trying to identify molecules that
trigger the high light stress response by activating certain genetic programs
in plant cells. She's screening a collection of 2,000 Arabidopsis transcrip-
tion factors, proteins that control which genes are turned ¢n or off. She has
identified a number of possible candidates from the collection, and she's
currently testing to see whether they are capable of activating genes known
to be invalved in the high light stress response. Her experiments have
turned up some promising results, including identifying several proteins
that appear to switch on the high light response. Similar t¢ Zhao's work,
her findings could lead fo a way to develop agricultural crops that can be
farmed in places where high light periods are a threat,

“Our work in Arabidopsis and other medel organism plants sets the
stage for identifying the same genes and molecular pathways in crops,”
says Chory. She notes, for example, discoveries made in Arabidopsis have
been instrumental in the development of tomatoes rich in carotencids,
naturally occurring pigments that give vegetables their yellow, crange, and
red hues. In addition to providing color, carotenoids such as beta-carotene,
lycopene, lutein and zeaxanthin are important dietary nutrients. Another va-
riety of tomato developad separately contains high levels of anthocyanins,
plant pigments that are antioxidants and have been shown to extend iife
in mice with cancer. Tomatoes high in anthocyanins are more purple than
red—owing to the bluish color of the anthocyanin molecules.

Scientists in academic institutions and biotech companies are also
working to develop drought-tolerant crops, beth through traditional
crossbreeding and through genetic engineering. For instance, the Drought
Telerant Maize for Africa project has generated 153 new varieties of
drought-tolerant maize. In early field trials, these varieties yielded 30
percent more under drought conditions compared to commercially available
varieties under normal rainfa!l conditions. Another project, organized by
the African Agricultural Technology Foundation in Nairobi hopes to have a
transgenic variety of drought-resistant maize available for African farmers
as soon as 2016.

"At Salk, we're not in the business of developing new crops, but we
find the genes and pathways that are responsible for the stress response
and which can be leveraged to improve agriculture,” says Chory, “The more
we know about the plants we rely on, the more resilient we humans will
be as a species. Changs is coming, that much you can be sure of. The big
guestion is how we will respond.” bl
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1 NORMOUS FOSSILS IN GLASS CASES AND A DUO
of plastic dinosaurs adorn biclogist Beverly Emerson’s
study at the Salk Institute. Though the décor may seem

J unrelated to Emerson's study of processes that underlie

cancer, the fossils and dinosaurs have common themes with the
deadly disease: evolution and diversity in nature.

Rather than viewing tumers as originating from a single mutated
cell that goes awry, Emerson looks at how cancer develops its own
diverse “society” (a tumor) that is stubbornly resistant to threats
such as chemotherapy.

Emersen came to the Salk Institute in 1987, where she has made
seminal discovaries showing how enzymes can remodel chremosomes
in narmal cells or how this process goes awry to allow cancer to
thrive. Her current efforts are focused on combating early cancers
{such as breast cancer) and managing the cellular diversity that is
required for drug resistance in established tumors, Emerson also has
a personal interest in health, particularly around the philasophy of
food and self care.

One-on-One  Inside Salk 08115

What was your path to becoming a scientist?

When | was young, 1 wasn't interested in science. | wanted ic be a boxer
or an arfist. My dad was both, as well as a diesel mechanic, but | never
quite grasped how engines.worked. Instead, | was my father’s sparring
partner. Due io Dad's excellent coaching, | refired undefeated at age 8!

After retiring from the ring, | continued my artistic endeavors by painting
and woed carving. As an undergraduate at the University of California,
San Diego, a class on molecular biology riveted my attention to science,
saving me from a career as a mediocre artist. | was struck by the elegance
of how genes were regulated and the logic of transcriptional and

biolegical circuitry, like a machine itself. Those concepts have hocked

me ever since.

My dad taught his children to be freethinking and not tolerate bullying,
while my mom was very optimistic and thought everything was possible.
Each parent had a great sense of humor and neither liked hierarchy. '
| carried these iraits into science: follow your own path and don’t look
for others' approval, as well as a belief that everything will work out,
even if there are long downtimes for experiments to succeed.

vww.salicedu

Do you feel a connection between art and science?

Every successful scientist | know is also highly creative in an artistic way.
The best scientists see not only the importance and significance of what
they're doing, but alse the beauty of it. It doesn't have to be uncovering

a major principle. Just finally understanding a small question or achieving
a little yet vexing technical feat has a beauty to it.

People think of science as being very dry, but meticulous and repetitious
experiments are the madium scientists have to use: it is their particular
paintbrush or musical instrument. When you make a discovery, the

beauty of it is thrilling. They call that the “aha” moment, but it's more
than that. There's a sense of the aesthetic in one’s discovery and in nature.

Why is cancer so drug resistant?

When we keep challenging cells without killing all of them with one
chemaotherapy drug, cancer develops a specific mechanism to survive. This
is like if 2 fown has a flood every week—eventually, the survivors adapt
and learn to become expert swimmers. Now, if you're hit with unexpect-

ed threats—for cells, a cocktail of chemotherapy drugs, or for people, a
natural disaster—there are usually still some that remain because cells and
people are diverse in their capabilities to maximize survival.

We liken drug resistance te evolution. Qur studies and those of others show
that nature has programmed cells to be diverse to ensure survival in harsh
conditions. ! had trouble wrapping my head arcund this because, while
there is beauty in nature striving for life at every level, drug-resistant met-
astatic cancer cells are our enemy. Somehow, nature is not distinguishing
between the driving force for normal cells versus cancer cells to survive.

How are cancer cells like “angry, ostracized people?”

A simple way to think about cancer is that it starts from a singie, mutated
cell that takes on a life of its own and begins to metastasize. But perhaps

a more accurate view is that cancer exists as part of a community within

a larger ecosystem. A damaged cell can sit in your body forever and never
wraak havoc. It's when the relationship between one cell and its community
breaks down that the formation of tumors begins.

Some of the first genes to go awry in cancer are those that control the
ability of cells to contact each other, called cell adhesion. Now, if you're
a stressed cell and lose contact with your neighbers, you have a very

Imimuiostaining shues the argenization ef different typss o uninal human siamnary cells, which
il bz namparee 2eainst pracancarolus srd fieai-cacsing calls,

different relationship with your environment. Like an angry person that's
been ostracized from a community, that cell forgets its social contract in
a seflse and begins to act erratically.

Cne area of cancer that we de not understand that relates to this “commu-
nity” of the body is the higher-order communication between our overall
physiology and control of metastasis. Some patients with cancer, for
example, simply waste away (cachexia), as if the higher-order operating
system had made the calculation for the body to give up. This mind-body
relationship to one's health is a poorly understood area but worth exploring.

How do you de-stress?

| love to snorkel in Cancun and recently tried the flying trapeze—it was &

lot of fun. | enjoy travel, from eating 2 giant gelato in Italy, hiking in New
Zealand, getting a camel kiss in Jordan and riding a yak in the Himalayas.
At home, | regularly cycle, go to the gym and take our large, loveable but

unruly dogs hiking in nearby canyons as a courtesy to our neighbors.

Aside from those activities, | have recently focused on a holistic approach
to food in the last few years. What started as a scientific interest in reading
all the strange stuff listed on food labels and sericusly wondering how this
was affecting my epigenome grew into an athical philosophy for me.

Iediztn Bath TR ITS (me-nn-fin=

13




B

When did you start to think more deeply about food and consumption?

On a trip to D.C. about ten years ago, | walked by a poster that opened
my eyes to the conditions in which factory farm-rzised animais are kept.
That was an epiphany for me and greatly raised my compassicn and
awareness about the connection between ethical treatment of animals,
contamination-iaced produce, artificiai foods and diet-based human
disease. | never thought I'd be interested in food books, but | started

to read about corporate-controiled food politics in books like What fo
Eat by Marion Nestle and /n Defense of Food by Michael Pellan.

| also was inspired by French Women Don't Get Faf by Mireille Guiliano
whose central message is to give yourself lots of variety, take the time to
buy znd prepare only the best stuff, and bother to put a flower on the table
just for you. In this way, grocery shopping can become a reflection of a

life philosophy.

In the end, we still don't understand why some people are able to over-
come disease—Iike cancer—and others don't. We rely on our bodies to
take care of curselves so we must treat our bodies with respect.

You've mentored dozens of young scientists. What knowledge do you
try to impart to them?

Being a mentor has been both my greatest joy and my greatest frustration,
You see some paople who have intelligence and work hard, but are held
back from reaching their full potential by fear: either fear of failure or

of peer review upon completion of their project, It's a given that to be

a successful scientist you need several traits: intelligence, dedication,
perseverance, optimism, willingness to accept criticism. You quickly

learn as an advisor that the best people have all of these qualities and

| 'am just cultivating them for that extra mile.

My own mentors—Peter Geiduschek from when | was a UCSD undergradu-
ate, Rebert Roeder during my graduate work at Washington University and
Gary Felsenfeld from my postdoctoral studies at the NIH—were almost as

important to me as my parents in influencing my growth and development.

You've given several talks on women in science. What are your thoughts
on the landscape today?

| think things are better for women and minorities, but the culture still
needs to improve. In general, it's easy to be genarcus to a persan junior
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to you, but the glass ceiling really comes into play when women reach
higher levels, At these levels, the more enlightened leaders willingly step
aside and remove harriers to elavate qualified and deserving individuals

who are underrepresented. The “boys’ club” culture at a professional level

is an embarrassing anachronism.

My advice to women scientists is not to put up with the glass ceiling, If
your institute or company isn't providing you with opportunities for fair
advancement, go to another organization. Sometimes—and this is the
case for all scientists—you have to take a step back from the daily grind
of grants and papers to look at the system you operate in and see if it's
good for you and serves your hest interests.

Any parting thoughts to living the life of a scientist?

fn my own experience, | can delineate three stages to becoming a scien-

tist. The first is embracing the culture: | observed as a naive Undergraduate

in Dr. Geiduschek’s lab how no sacrifice was too great for the good of
one’s experimant. | was very impressed by the dedication of people who
routtinely came back to the lab at 2 a.m. to optimize their experiment.

The second phase of becoming a scientist is as a graduate student,
when you are becoming a journeyman who masters the craft of being an
accomplished experimentalist. This often requires doing things over and
over for years o learn to solve a problem rigorously.

Thirdly, once you've mastered your craft, you develop self-confidence
and judgment. Not only can you do the experiments at this point, you
can figure out which problems are worth exploring. As a postdoc at the

NIH and later a faculty member, | learned to trust and follow my passion.

Ultimately, |iving the life of a scientist has been a wonderfu! journey of
self-discovery and a golden cpportunity to share my professional life with
many outstanding people. Bl
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5 present & two-minute elevator prtch
on ner work fo faculty and migh-end
donors. she gol a little nervous. When sha heard
thal actor/airector Rebert Redford and Salk
Boary Chair irwn Jacobs were expected to be
in the audience, she got excitnd.

"It was reafly, really fun,” says Tan, a
resaarch asseciate i the Lahoratory of Neuronai
Structure and Functon led py Paul Sawchenko,
“With two minuias, you reaily can't gel intg
aefail. fou are giving & feaser trader like a
mowe, just giving hittle snippets se they come
faix to you atterwards "

As i turned cut, facous and Rediord misssu
Tan's talk—which included a PowerPatnt shds

f Fael Knex to represent how impenetrabie the

brain can be—bui rather than be crestfallen, Tap

channaies her ctstenary ebulirence inie the

rest ol tne evening, Several sttencess— peopie

she wania probably aot pave et otherwise- -

approarhed her 1o learn mers about har work

o how the Lrain perceives znd prodessas siress

sigals. Ard she did get to chat with Jacobs ang

Redfohd at the evening racephicn, where Rerdford

requestad meeting the postdocioral researters.
s Wind of mlee 1o be & rock stan s ressal

fior twe miies,” $avs Tary. Barme o iry any-

thing—be it stopoing a Tast break in ljerosse

o wading her alte to g chor—Tan s fugien i

part by the three cups of coffes she dritiks avery
day and I nart v gv inzattahle carosty 1o
what makes the brain Hok pardcutany when (s

under slege by stress. For thie past vear. shie has
turited her considerable energy fo studying
strass and 118 aifect on Alzhaimer's dissase,

‘Tne of fhe probiems with tresting Alzheinser's
1s that drugs have difficully crossing the bicoc-
brain barrier, a hightv selective toriress that
keeps pathogens out of the brairs By sepaiating
circulating blooa from the brain's axtraceliutar
fluid in the central nervous system. That makes
delivering o beneficisl cantral nervous systain
drug in A pilt or biood insection ditficul, as it
nas to flow tnrough the entirs bedy with pernaps
littie, or nons, of the drug getting into the Lraus.
it can create toxicity problems aiong tite way
affecting the liver, heait, digestive tract and
more. Anc the siress receptes Tan 1s targeting
2x1si5 outside of fne brain as well, creating more
compulications tor freatment.

if the brain 1s itke fort Knox, zavs Tan, (he
rest of the body is Hi%e the Kenfueky coaatryside
“We could go i with nlanss and tanks o try ano
Zei o the golo o Fort dnex, but 12 wostd destioy
most of Kentuuky in coilateral damags. which 1s
axtresrdinenly bad cécause | tke baurban,” she
lokes. “In this metaphor, drugs designer far the
bralit can Sestroy Lhe body G newer even raach
thinir targat.”
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Tan 15 investigating alternative ways of delivering drugs that block
corticotropin-releasing factor (CRF) receptors that are both efficacious and
targeted to the brain and that do not require invasive procedures (such
as bramn surgery) for the treatment and prevention of Alzheimer's disease

“We are using a sneaky Ocean's 11 approach where we are coming In
through the back door,” Tan says. “We are going with a smaller team. We
are getting in and oul with the golfd without destroving anything cutside.”

To accomplish this, Tan uses ani intranasal admimstrator, similar to an
asthma inhaler, to deliver drugs precisely to the upper olfactory region of
the nasal cavity in her mouse modeis. Neurcns in the mucous membrane
that fines the nasal cavity send their axons through the skul! to the brain,
the same pathway that gives humans thewr sense of smiell, Using this non-
invasive route, Tan and her celleagues have been abie 1o show that it can

transport fower doses of drugs-—in this case, 2 compound that oinds o cne

receptor— across the blood-brain barrier, thereby sparing periphesal tissues
from exposure.

“CRF was discovered at Saik in Wylie Vale's iab in 19817 Tan says.
“The fact we are pursuing this Teels organic It's a very Saikian thing
to do”
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Tan, 33, hails from Mississauga, the sixth largest eity in Canada Her
father, a chernical enginesr, and her mother, a social worker, never pushed
her toward o science career, but she was inspired by her uncie, Larry Tan,
who discovered the first acellular vaccine for pertussis. The vaccine con-
tains celfutar material but not whote-cel bacternium to inveke an immine
response o create antibodies In the patient.

Tary always thought she would be a medical doctor unt!l her senior
year at the Unversify of Toronto whan she got her first taste of Izb fife
and was hooked Up f¢ that point, sha felt her studies had been ali about
meamonzing and regurgitating information.

“We du that here, too, but | fes! we are creating the knowisdge,”

Tan says. "l den't have to be the encyciopediz, but | do have to use the
encyclopadia and then appiy if to what i'm doing. | ke sclence because
i get To ask the guestions | want to ask.”

Charactenistically, Tan plunges head first into the sprawing
50,000-student sxperience of the University of Torento. In eddition o
bwicgy and aumanities coursework. she organized an intramural sports
program, playing on more than 100 teams, The “Laura A, Tan Award”
was craated fo honor her contribution to athletics at the college.
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“She is the kind of
individual who enlivens
a workplace, embodying
a most rare combination
of scholarly acumen,

a strong work ethic and
soclal conscience.”

—Paul Sawchenko

Graduating with distinction in zoology/biology with
a munor in ctassical civilizations, Tan remained at the
University of Toronto to earn her PhD it neurgscience.
She did her doctoral studies under David Lovejoy, a
former Salk postdoctoral researcher in Vale's lab.

When she began casting her net for a postdectoral
pesition, Tan was initially attracted to Europe. Then
fats intervened in the form of an advisor who told her,
“If you want culture, go to Eurcpe. if you want science,
you go o the United States.”

Taking that advice to heart, Tan reachad out to
Salk, and Sawchanko specifically because of
his reputation as & good mentor and his mastery
uf anatormy

“It was such a good i1, she says. “l remember
emanting Paul and getling a resnonse back i three
hiours. That was ona of the greatest feslings.”

Tan joied Saik in 2011 and shipped into
Institute life Like o hand inte a giove—orgenizing

waw salk ety
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networking opportunities for researchers and volunteering for a plethora of other
Institute events. Almost immediately upon arriving at Salk, she answered an internal
bulletin board ad to join a softball team formed by Inder Verma's lab. She encouragad
her three colleagues to follow suif.

“We knew nobody in that lab. We just showed up and suddenly, we are al! the
best of friends,” she says. “Sc much so that everyone thinks I'm in the Yerma lab.”
To relieve the stress she gets from studying stress, Tan also doodles. Many of

her cartoons have a central theme of her in the lab being menaced by chocolate
chip cookies and muffins, which bear a striking resemblance to a stain she employs
when counting cells—the background is beige and the cells are dark brown.

“| was terrified of chocolate chip cookies for awhile,” she says.

Sawchenko describes Tan as a “true Renaissance woman,” a highly creative and
productive scientist who is also an accomplished athlete, chef and chorister with a
schadule that exbausts him just thinking about it,

“From day cne, she has been the unguestioned leader of my laboratory group,
heading up not only collegial interactions within our group and between our lab
and others at the Institute, but also spearheading such activities as our participation
in science outreach to local high school students and holiday food collection
drives,” Sawchenko says. “She is the kind of individual who enlivens a workplace,
embodying a most rare combination of scholarly acumen, a strong work ethic and
social conscience.”

At the Institute, Tan has learned that she likes, and is good at, mentoring the
newer researchers. She embraced recruiting volunteers for Explore Salk ear!ier this
year, taking her cue from another research associate, Amy Rommel.

‘I always think of her as my protctype,” she says. “It's like, ‘If | can be a little
bit more like Amy, I'm doing okay."”

Beyond the hench, Tan's life is equally full tiit.

She plays defense for the San Diego Lacrosse Club at nearby Doyle Park during
the summer and at tournaments in Los Angeles, Las Vegas, Arizona and Hawaii,
among other places. She discovered the club on Facebook and has been playing with
the all-woman team since the day after she arrived in town. Tan also sings as an aux-
iliary member with Sacra/Profana, an eclectic local choir that frequently accompanies
the San Diego Symphony, including for its Summer Pops concert paying tribute to
Broadway shows such as Wicked, Rock of Ages and Les Miserables. And in her spare
time, she bakes. Chocslate milk stout cupcakes with peanut butter buttercream are
her signature sweet,

Four years inte her time at Salk, Tan still marvels at her good fortune. “There is
something about being surrcunded by good people and the building itself,” she says.
“Sometimes, | come in to work and give the Salk walls a pat as if to say, ‘Hey, hi
friend. Nice to see you.”" [uy
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Discovery Roundup  Inside Salk 0% 115

Izpisua Belmonte
garners international attention
for string of major discoveries

SALK PROFESSOR JUAN CARLOS IZPISUA BELMONTE AND HIS RESEARCH
team recelved worldwide madia attention earlier this year for a string of ground-
breaking discoveries reparted In top science journals

The papers, which shed light on fundamental preblems in aging, mitochon-
drial disease and regenerative medicine, were covered in TIME magazine, The
Washingfon Post, Screntific American, New Scientist and The Guardian, to name
Just a few,

The first of the discoveries to be announced was published Aprt 23 1n Ceff.
In that paper, the scientists reperted a new method of preventing the fransmission
of mitechondrial diseases 1k mice using gene-editing technologles.

For thousands of women around the globe carrying a mitochondrial disease,
having a healthy child can be a gamble. This set of diseases affect mitochondnia,
tiny powerhouses that generate energy 1n the hody's cells and are passed
exclusively from mother to child.

Women wishing to prevent their children from inheriting mitochondrial
diseases have typically relied on preimpiantation genetic diagnosis to pick the
healthiest embryos, but that 1s no guarantee of having a healthy baby. In a
mouse study, izpisua Beimonte's lab developed a simple technigue tc eliminate
mitochondrial mutations from eggs or early embryos, which has the potential to
prevent babies from inheriting mitochondrial diseases.

i saticedu
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“Currently, there are ne treatments for mitochondrial diseases,” says
Izpisua Belmonte, a professar in Salk’s Gene Expression Laboratory and
holder of the Roger Guillermin Chair. “Qur technology may offer new hope
for mitochondrial disease carriers ”

tn the second study, detailed later the same menth in Scrence,
the lab focused orn Wemer syndrome, a genetic discrder that causes
pecple to age more rapidly than normal. People with the disorder suffer
age-related diseases sarly i life, inciuding cafaracts, type 2 diabetes,
hardening of the arteries, osteoporosis and cancer, and most die in
their late 40s or sarly 50s

By studying Werner syndrome, the team found that the aging process
for humans s tied to the detericration of tightly packaged bundles of
cellular DNA. The discovery could eventually fead to methods of
preventing and treating age-related diseases such as cancer, diabetes
and Alzheimer's,

In early May, the team reported 1n Nature the discovery of a novet
type cf pluripotent stem cell—cells capable of developing into any type
of tissue—whose identity Is fied to their location in a developing embryo
This contrasts with stem cells traditionally used m scientific study, which
are characterized by their time-related stage of development.

The researchers dubhed this new class of cells “region-selective
pluripotent stem celis,” or rsPSCs for short. The rsPSCs were easier to
grow in the [aboratery than conventionat human plunpetent stem ceils and
offered advantages for large-scale production and gene edifing (altering a
cell’s DNA), both desirable features for celt replacement therapies

Coliaborating with the labs of Satk Professcrs Joseph Ecker and
Afan Saghatelian, the |zpisua Beimonte team performed extensive

www salk.edu

character;zation of the new cells and found rsPSCs showed distinct motec-
ular and metabolic characteristics as welt as novel epigenetic signatures—
patterns of chemical modifications to DNA that conivol which genes are
turned on or off without changing the DNA sequence

“The region-selective state of these stem cells is entirely novei for
laboratory-cultured stem cells and offers important insight into how
human stam cells might be differentiatad into dervatives that give rise
to a wide range of tissues and organs,” says Jun Wu, a postdoctoral
researcher in lzpisua Belmonte's lab and first author of the Nature
paper. “Mot only do we need to consider the timing, but also the spatial
characteristics of the stem cells. Understanding both aspects of a stem
cel’s identity could be crucial tc generating functioral and mature cell
types for regenerative medicine.” il
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Immune system-in-a-dish offers hope for
“bubble bn}-"’" disease

Salk researchars have been able to grow patient-derived, heaithy cells in
the lab, coming a sien closer to treating Talal blood disorders

FOR INFANTS WITH SEVERE COMBINED
immunodeficiency (SCID), something as simple
as a common cold or ear infection can be fatal
Born with an incomplete 1mmune system, kids
who have SCID—also known as “bubble boy"”

or “bubble baby” disease-—can't fight off even
the mildest of germs. They cften have to live ;m
stenle, 1solated environments to avoid infections
and, even then, moest patients don't [ive past a
vear or two, This happens because stem cells

tn SCID patients’ bone marrow have a genstic
mutation that prevents them from developing
critical immune cells, called T and Natural Killer
(NK) cells.

Now, Salk researchers have found a way to,
for the first time, convert cells from X-finked
SCID patients to a stem celi-like state, fix the ge-
netic mutation and prompt the corrected cells to
successfully generate NK cells in the lzboratory.

The success of the new technique suggests
the possibility of implanting these tweaked celis
back inte a patient so they can generate an im-
mune system. Though the new work, published
March 12, 2015 in Ceil Stem Cell, 15 prelimi-
nary, it could offer a potentially less invasive and
more effective approach than current options,

“This work demonstrates a new method that
could lead to a more effective and less invasive
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treatment for this devastating disease,” says
senior author inder Verma, Salk professor
znd American Cancer Society Professor of
Molecutar Biology. "It also has the potential
to lay the foundation tc cure other deadly and
rare blood disorders.” #

Previous attempts to treat SCID 1nvolved
bane marrow transplants or gene therapy, with
mixed results. In what began as promising
chrnical trials in the 1990s, researchers hijacked
virus machinery to go 1n and deliver the needed
genes to newly growing celis in the patient’s
hane marrow. While this gene therapy did cure
the disease at fist, the artificial additicn of
genes ended up causing leukemua in a few of
the patients. Since then, other gene therapy
methods have been developed, but these are
generally surted for less mild forms of the
disease and reguire bone marrow transplants,

a cifficult procedure to perform en crifically
sick infants.

To achieve the new method, the Salk team
secured a sample of bone marrow from a
deceased patient i Australia. Using that smail
sample, the team developed the new method in
three steps. First, they reverted the patient cells
into induced pluripotent stem cells (IPSCs)—
cells that, Uke embryonic stem cells, have the

» View video:
wiww. salk edu/insidesatk/081 5/verma

ability to turn Into any type of tissue and hoid
vast promise for regenerative medicine,
“Once we had patient-derived stem cells, we
could remove the genetic mutation, essentially 1
fixing the cells,” explains one cf the first authors
and Salk postdoctoral researcher Amy Firth i

The second innovation was to use new gene
editing technology to correct the SCID-related
genetic deficiency 1n these iPSCs. To remaove
the mutation, the researchers used a technol-
ogy called TALEN (similar to the better known
CRISPR method) This set of enzymes act as
molecular s¢issers on genes, letting researchers
snip away at a gene and replace the base palrs
that make up DNA with other base pairs

“Unlike tradibional gene therapy metheds,
“we areny’t putting a whole new gene into a
patient, which can cause unwanted side
effects,” says Tushar Kenon, another first author
and Salk postdoctorat researcher “We use
TALEN-based ganome editing tc change Just cne
nucteotide 1n one gene to correct the deficiency
The technigue is hterally that precise ”

The third step of the work was te prompt
the cells to proliferate into the vital immune
system ceHs—not an easy task, but one that
could offer a potenttaliy unhimited suoply that
can be transplanted back into patients at in-
tervals. To do this, the researchers collaborated
with scientists at the University of Califarnia,
Los Angeles, to use a concoction of nutrients
and other factors that would encourage the
1P3Cs to generate NK cells

And they succeeded These correcied cells-
in-a-dish did indeed develop mature NK cells.

Next, the team 1s working on repreducing the
other vital immune compenents, T cells. Se far,
they have prompted the iP3Cs to turn into the
precursors of T cells, but have not yet been able
to coax them to maturity.

"Ultimately, we hope thase efforts will heip
iead tc the ‘holy grail’ in the field: the ability
to create stem cells from ;PSCs capable of
generating all types of biood and immune celts,”
says Verma, who also holds the Irwin and Joan
Jacobs Chair in Exemplary Life Science. The
abiity to generate the corrected blood stern cells
themselves could yield a one-time treatment
that would ultimately replenish functioning cells
throughout a patient’s whale life. A
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Food for thought: Master protein
enhances learning and memory

Saik scientists discover a single protein that energizes
both muscles and the brain

JUST AS SOME PEOPLE SEEM BUILT TO RUN MARATHONS AND HAVE
an easler time going for miles without tiring, others are born with a knack
for memorizing things, from times tables to trvia facts These two skilis—
running and memorizing—are not so different as 1t turns out,

Salk scientists and coliaborators have discovered that physical and
mantal activities rely on a single metabelic protein that controls the flow
of bicod and nutrients throughcut the body, as reported i the journal
Cell Metabolism. The new study could point to potential treatments in
regenerative and developmental medicine as well as ways to address
defects in learning and memory

“This 1s all about getting energy where it's needed fo the power plants’
ir the body,” says Ronald Evans, director of Saik’s Gene Expression
Laboratory and senicr author of the new paper, published April 7, 2015
“The heart and muscles need a surge of energy to carry out exercise and
neurons need a surge of energy to form new mamories.”

Energy for muscles and brains, the scientists discovered, 1s controtied
by a single protein called estrogen-related receptor gamma (ERRy) Evans’
research group has previously studied the role of ERRy in the heart and
skeletal muscles, In 2011, they discovered that promoting ERRy activity
in the muscies of sedentary mice icreased blood supply to their muscles
and doubled their running capacity. ERRy, they went on to show, turns on
a whole host of muscle genes that convert fat to energy.

Thus, ERRy became known as a master metabolic switch that ener
gtzed muscle to enhance performance. Although studies had also shown
that ERRy was active in the brain, researchers didr’t understand why—the
brain burns sugar and ERRy was previously shown to only burn fat. So
the team decided to look more closely at what the protein was doing in
brain cells

By first icoking at 1sclated neurons, Liming Pei, lead and co-corre-
sponding author of the paper, found that, as in muscle, ERRy activates
dozens of metabcelic genes i brain cells. Unexpectedly, this activatien
related to sugar instead of fat. Newrons that lacked ERRy could not ramp
up energy production and thus had a compromised performance.

“We assumed that ERRy did the same thing throughout the body,” says
Evans. “But we learned that 1t's different in the brain.” ERRy, they now
conclude, turns en fat-buraing pathways in muscles end sugar-burning
pathways in the brain,

Evans and his collaborators noticed that ERRy in live mice was most
active in the hippocampus—an area of the brain that is active in preducing
new brain cells, is involved in learning and memory and 1s known to require

wnw satk.edu

lots of enargy. They wondered whether ERRy had a direct role i [garning
and memory By studying mice lacking ERRy in the brain, they found
a hnk

White mice without the protein had normal vision, movement and
balance, they were slower at learning how to swim through a water maze—
and poor at remembering the maze on subsequent trials—compared to
mice with normat levels of ERRy.

“What we found Is that mice that are missing ERRy are basically very
slow learners,” says Pei. Varying levels of ERRy could also be at the
root of differences between how Individual humans learn, he hypothesizes,
“Everyone can fearn, but some people learn and memorize more efficiently
than others, and we now th:nk this could be linked to changes in
brain metabclism ”

A better understanding cf the metabolism of neurons could help pomt
the wey to improved treatments for learning and attention disorders. And
possibly, revwing up levels of ERRy could even enhance learning, just as it
enhances muscle function. i
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MAajor organs

markers in develepment, keaith and disease

FOR MORE THAN A DECADE, SCIENTISTS HAVE HAD A WORKING
map of the human genome, a complete picture of the DNA sequence that
encodes human life. But new pages are still being added to that atlas:
maps of chemical markers calted methyi groups that stud strands of DNA
and Influence which genes are repressed and when
F Now, Salk scientrsts have constructed the mest comprehensive maps
yat of these chemical patterns—collectively called the epigenome—in
more than a dozen different human organs from indwidual donors {includ-
Ing a woman, man and child). While the methylation does not change an
individual’s inherited genetic sequence, research has increasingly shown
it has a profound effect on development and health.

“What we found 15 that not all organs we surveyed are equal in terms of
‘ their methylation patterns,” says senior author toseph Ecker, professor and
|
|

director of Satk’s Genomic Analysis Laberatory and codirector of The
Center of Excelience for Stem Cell Genomics. “The signatures cof methyla-
tion are distinct enough between organs that we can lock at the methyla-
tion patterns of a tissue and know whether the tissue 1s muscle or thymus
or pancreas ” The new data was published June 1, 2015 in Mature

While the genome of an individuat 1s the same in every cell, epigenomes
vary since they are closely refated to the genes a cell 1s actually using
at any given time. Methylation marks help blocd cells ignore the genes
required to be a brain or liver cell, for instance. And they can vary over
time—a change 10 a parson’s age, diet of envirenment, for instance, has
been shown to affect methylation

|| 22 Ciscovery Roundup Tnside Salk 08115

Salk scientisis reveal epigenome maps of the human bodv’s

This new atias of human organ enigenomes provides a starting piace fo understand the role of chemical

“We wanted to make a baseline assessment of what the epigenome,
in particular DNA methylation, loaks like tn normal human organs,” says
Ecker, who is alsc a Howard Hughes Medical Institute and Gordon
and Betty Moore Foundation investigator. To do that, the scientists
collected cells from 18 organs in 4 indivicuals and mapped out their
methyiation profiles

As expected, the patterns aligned somewhat with genes known to be
important for a cell's function—there was less methylation close to muscle
genes In cells collected fram muscle, for instance. But other aspects of
the new maps were surprising The researchers detected an unusual form
of methylation, called non-CG methylation, which was thought to be
widespread only i the brain and stem cells. Researchers don't yet know
the function of that non-CG methyiation in adults, but hypothesize that it
may suggest the prasence of stam cell groups in adult populations. Another
surprise was how extensively organs differed from each other in the degree
of genome-wide methyiation.

The new resuits just scratch the surface of completely understand-
Ing DNA methylation patterns—there are dozens more crgans to profile,
numerous unknowns abcut what shapes and changes the epigenome, and
questions about whether different cells—even within a single crgan—vary
in their methylation patterns

“You could imagine that eventually, if someone Is having a problem,
a biopsy might not only look at characterizing the cells or genes, but the
epigenome as well," says Ecker. il

eventually, If someone
1aving a problem, a
biopsy might not anly
look at characterizing
the cells or genes, bl
the epigenome as well."

loseph Echer

» View video:
wwiw,salk edi/insidesali/0815/ecker
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Vital step in stem cell growth revealed

baik scientistz’ Tinding could ald regensrative and cancer therapies

STEM CELLS, WHICH HAVE THE POTENTIAL
to turn into any kind of cell, offer the tantalizing
possibility of generating new tissues for organ
replacements, stroke victims and patients of
many other diseases Now, scientists at the
Salk Institute have uncovered details about
stem cell growth that could help improve
regenerative therapies

While 1t was known that two key cellular pro-
cesses—calted Wnt and Activin—were needed
for stem cells to grow Into specific mature cells,
no ane knew exactiy how these pathways worked
together. The details of how Wnt and Activin
influence each other, published April 30, 2015
In Molecutar Cell, offer gudance for improving
stem cell therapies. The new work also reveals
more about certain cancers that arise when
these processes go astray, for example, when
the Wnt signaling step becomes inappropriately
reactivated, as happens in most colon cancers

“We found that the machanisms of these
two pathways are complementary and activate
the transcription, or turring on, of about 200
genes essentiat for stem cells to differentiate,”
says Kathy Jones, senior author of the paper
and Salk professor in the Regulatory Biology
l.aberatory. These genas are among the first
steps that prompt stem cells to begin to change,
or differentiate, into specific tissues, particularly
ones that will eventually form the digestive and
respiratory tracts, including intestines, lung,
pancreas, thyroid and liver.

ww salk edu

The researchers found that Wnf loads up the
cellular machinery needed io begin the copying
and activation of genes. Activin, meanwhile,
boosts the process further. it increases the
speed and efficiency by which the cellular
machinery moves to copy the gene. Whereas
Whnt treatment alone enhances the expression
of deveicpmental genes by a factor of 20-fold,
further treatment with Activin boosts the signal
to 150-foid or higher, says Jones. The team also
found that the order of the signaling 1s equally
important, because Activin could not turn on
these genas unless the cells were first exposed
to the Wnt signal

“Wnt gets the ball rolling and Activin ampli-

fies the signal,” says Conchi Estaras, first author
of the paper “This 1s a particularly clear exampie

of how two different pathways, working Through

two different meehanisms, can cooperate to acti-
vate the same genes.” The new finding adds to a

growing picture that the transcription process Is
mtch mere dynamic than previous thought.
“Now we understand stem cell differentia-
tion at @ much finer level by seeing how these
cetlular signals transmit thesr effects in the

cells,” adds Jones. “Understanding these detalls
ts important for developing mare robust stem cell

protocals and optimizing the efficiency of stem
cell therapies.”

When they looked closer at the genes that
both pathways activated, researchers were
surprised 1o find that the pathways were furiher

» Yipw video: waw salk edu/insidesalk/0815/onas

connected to a third process, which 1s known to
control tissue growth and organ size. The central
protein in this new pathway, calied Yap, acted
specifically at these genes to counteract the
effects of the Activin

“The opposing effects of Activin and Yap
are exerted at a late step in franscription, the
elongation phase,” says foenes “We don't know
very much about how the signaling networks
in normal or cancer cells specifically affect the
elongation stage of transcription, so it was a real
bonus to find that 1t is targeted by two pathways
in stem cells.”

Both the Wnt and Activin signaling processes
operate differently 1n cancer, compared to stem
cells. Wnt, in particular, 1s turned an very early
in human colon cancer in nearly 90 percent
of cases The aberrant behavior of the Activin
process, meanwhile, s tied to the metastasis
of many cancers

“There 15 great interest in developing tran-
scription-based inhibitors of the Wnt pathway,
because these would have strong anticancer
activity for many tumor types,” says Estards
“Because the environments of stem cells and
cancer cells are quite distinet, and different
farget genes are involved, it will be interesting
to see how the synergy and regulation that we
have defined In stem cells operates in the cells
of a tumor.” m_d
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> of “early-career” switeh

Salk professor and holder of the Vincent ) Coates Chair in Molaculae
Meurobiology “Thisfinding opens op a few understanding abaut haw
brain architecture isestabilished and & polential therapeutic approsch to
altering that blueprint.”

acenbists had belleved thal progiamming neurans was a one-siep
pricess, They thought that the stem cells that genardte the naurons also
programmed their fupctions gnce they matured, While this s troe, the
Salk team found that another step 15 needed: the LhxZ transcrphion factor
i mature neurons then ultnmately coptols the fateaf the neuron

I themcase study, 1he scientists man|pulated Lha2 1o make the
gwitch in nedranal Fate shartiyafter bieth iwher the modse AsUrbns are
fully formed-and considerad mature), The team observed-that controlling
Ltx2 let them mstruct-neyrons situated i one sensory ared 1o process a
different sense, thus snfarging one region @l the sxpanze ol the othee The
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responds to both genetic and epipenetic influenceswel| atter birth," says
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we now Bave 3 new way 1o think about them.™ Bed
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How the brain balances risk-taking and learning

¥

Salk scientists discover a learning crrcuil in worms that gives ciues o human behavior

{F YOU HAD 10 CHANCES TGO ROLL A DIE,
would you rather be guarantzed to receve

$5 for every roll {$50 total) or take the risk of
winning $100 if you only roll a si?

Maost amimals, from roundworms to humans,
prefer the more predictabte situation when it
comes to securing resources for survival, such
as focd. Now, Salk scientists have discovered
the basis for how animals batance learning and
risk-taking behavior to get to a more predictable
environment The research reveals naw details
on the function of two chemical signals critical
to human behavior. dopamine—responsible for
reward and risk-taking—and CREB—neaded
for learning.

“Previcus research has shown that certain
neurons respond to changes in light to determine
vanabtlify i their environment, but that’s not the
anly mechanism,” says senior auther Sreekanth
Chalasani, an assistant professor in Salk's Mo-
lecular Neusobiology Laboratory. “We discovered
a new machanism that evaluates environmental
variability, a skill crucial o ammals’ survival.”

By studying roundworms (Caenorhabdifis
efegans), Salk researchers charted how this new
circuit uses information from the animat’s senses
to predict the environment and prompt the worm
to move to a new location If needed. The work
was detailed April 9, 2015 in Neuron

The circuit, made up of 16 of the 302
neurans in the worm’s brain, hikely has parallels
In more complex animal brains, researchers say,
and could be & starting point to understand-
ing—and fixing—-certain psychiatric or behavioral
disorders.

“What was surprising 15 the degree to which
variabihity in animal behavior can be axpiained
by variability in their past sensory experience and
not Just noise,” says Tatyana Sharpee, associate
professor and co-senior author of the paper. “We
can now predict future anmimal behaviors based
on past sensory experience, independent of the
influence of genetic factors ™~

The team discovered that two pairs of
neurons in this learning circuit act as gatekeep-
ers. One pair responds to large increases of the
presence of food and the other pair respends to
large decreases of the presence of food. When
either of these high-threshold neurons detects
a large change 1n an environmeant (for example,
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the smell of a lot of food to ne food) they induce
other neurons to release the neurotransmitter
dopamine

Dumping dopamine onto a brain—human or
otherwise—makes one more willing to take risks,
It's no different in the roundworm stimutated
by large varieties in 1ts environment, dopaming
surges In the worm’s system and activates four
other neurons In the learning circuit, giving tham
a greater response range. This prompts the worm
to search more actively in a wider area (risk-tak-
ing} until 1t hits a more conststent envircnment
The amount ¢f dopamine In 1ts system serves
as its memory of the past experience. about 30
minutes or s0 and it forgets information gathered
in the time before that.

While 1t’s been known that the presence of
dopamine is tied to nisk-taking behavier, how
axactly dopamine does this hasn't been well
understood With this new work, scieniists now
have a fundamental model of how dopamine
signaling feads the worm to take mare risks and
explore new envirpnmeants

“The connectian betwsen dopamine and
risk is conserved across animais and 15 aiready
known, but we showed mechanistically how it
works," says Chalasani, who 15 also hoider of the
Helen MclLoraine Deve%t!f)mental Chair 1n Neu-
robloiogy. “We hope this work wilt lead io bettar
therapies for neurodegenerative and behaviora!
diseases and other disorders whera dopamine
signaling 1s iregular.”

Interestingly, the scientists found that the
high-threshold neurcns aiso lead to increased
signaling from a protein called CREB, known
in humans and other animatls to be essential
to learning and retatning new memories. The
researchers showed that not only Is the presence

of CRER important to learning, but the amount
of CREB protein determines how guickly an
ammal learns. This surprising connection
could lead to new avenues of research for brain
enhancements, adds Chalasani.

How did researchers test all of this in worms
exactly? They began by placing worms In dishes
that contained either a large or a smail patch of
edible bacteria. Worms in the smaller patches
fended to reach the edges more frequently, expe-
riencing large changes in variability {edges have
Jarge amounts of food compared to the center}
Worms on the large patch, however, reached
the edge less frequently, thereby experiencing
a generally stable environment {mainly an area
with constant food).

Using genetics, imaging, behavicral analysis
and other techniques, researchers found that
when worms are on small patches, the two pairs
of high-threshold neurcns respend o the greater
variation and give a signal leading to increased
dopamine. When worms In these smaller patches
{and higher dopaming) were taken out and put
into a new dish, they explored a larger area,
taking more of a risk. Worms from the larger
patches, however, produced fess dopamine and
were more cauilous, explering just a small space
when placed in a new area.

Acditionally, when the protein CREB was
present In larger amounts, the team found that
the worms took far less time to learn about their
food varnability. “Normally the werms took about
30 minutes or so to explore and learn about
food, but as you keep increasing the CREB
proten they learn 1t Taster,” says Chalasant.

“30 dopamine stores the memory of what these
worms learn while CREB regulates how quickly
they learn,” sl

» View viden: www.salk.edu/msidesalk/0815/chalasani
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A cgzm_]fﬂaﬂf;l_ing presence

ROGER GUILLEMIN, A SALK PROFESSOR AND NOBEL LAUREATE WHO
pioneered the study of brain chemistry, was presented with France's high-
est accolade—the rank of Commander in the Legion of Honour—during a
ceremony this spring at the Salk Institute. In bestowing the medal created
by Napolecn Bonaparte in 1802 to recognize civilians and soldiers,
neuroscientist Jean-Pierre Changeux of the College de France and Pasteur
Institute in Paris praised Guillemin, 91, before an assemblage of dozens
of Guillemin’s family members—including his wife, Lucienne—and friends
and colleagues.

“You have been, Roger Guillemin, one of thase distinguished ‘soldiers
of science’ that Bonaparte wished to recognize when he established the
lLegion of Honour,” Changeux said. “Through yeur scientific achievements
and your many discoveries, you have played a key rolg in illustrating the
excellence of scientific research, but most of all, as a French scientist
working abroad, in fostering scientific collaboration and friendship
between the United States and France.”

Colleagues attending the ceremony echoed the sentiment, describing
Guillemin as a “national treasure” for both countries.

www.salk.edu

Guillemin, a native of Dijon, France, earned his medical degree in
194% from the University of Lyon. He joined Salk in 1970 and received
the 1977 Nobel Prize in Physiology or Medicine for his work with hypo-
thalamic hormones. His work introduced a new class of substances
proven to be impertant for the regulation of growth, development,
reproduction and respenses to stress.

Changeux characterized Guillemin as “the founder of a new science
called neuroendacrinology” and said his work led ic major medicinal
advances including the understanding of thyroid diseases, infertility
and juvenile diabetes.

After the presentation, Guillemin expressed his gratitude in
French before thanking his family and Salk colleagues, many of
whom, including the late Wylie Vale, he had worked with for more
than 45 years. He concluded his remarks, to & standing ovation, with
“Let's close this unique event in the French tradition with a glass
of champagne.” L
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Vicki Lundblad elected to National
Academy of Sciences

PROFESSOR VICKI LUNDBLAD 1S ONE OF 84 NEW MEMBERS
elected te the National Acadamy of Sciences (NAS) this year. The
election is considered one of the highest honors accerded a U.S.,
scientist. Lundblad’s racognition brings the number of Salk faculty
elected to the NAS to 14.

Lundblzad, the Becky and Raiph S. O'Connor Chair and professor in
the Molecular and Cell Biology Laboratory, seeks to understand how the
ends of chromosomes determine how many times a cell can divide. Her
early work showed that these chromosome ends, called telomeres, act as
a cellular timekeeper by shortening with each cell division. Fortunately,
there is a way around this countdown: an enzyme called telomerase
rebuilds these eroding telomeres and allows cells to divide indefinitely.

Lundblad's group pioneerad the discovery of the key subunits that
make up this telomerase enzyme, using the yeast Saccharomyces
cerevisiae—the same yeast used to make wine and bread—as their

Joseph Ecker and Dennis O'Leary elected
to American Academy of Arts & Sciences

PROFESSORS JOSEPH ECKER AND DENNIS ¢’LEARY
have received the prestigious honor of being elected

to the American Academy of Arts and Sciences (AAAS)
class of 2015, AAAS is one cf the nation’s most prom-
inent honorary societies. There are 197 accomplished
leaders from academia, business, public affairs, the
humanities and the arts accepted to this year's class.
Its members include winners of the Nobel Prize and
Pulitzer Prize; MacArthur and Guggenheim Fellowships;
and Grammy, Emmy, Oscar and Teny awards. Ecker and
O'Leary bring the number of Salk scientists elected as
members of AAAS to 16. The new class will officially
be inducted during a ceremony in October.

Ecker is director of Salk’s Genomic
Analysis Laboratory and a Howard Hughes
Medical Institute and Gorden and Betty
Moore Foundation investigator. He has
made many distinguished contributions
to the fields of genomes/epigenomes of
plant and human cells, particularly for
the developmen”; of new tools that
enable genome-wide analyses. He also
holds the Salk !nternational Council
Chair in Genetics.

O’Leary, a professor in Salk’s Molecular
Neurobiology i_aboratory, holds the Vincent

Froi it Peverly Emerson, Rogar Guillemia and Yicks Lendblad

experimental system. This simple single-celled organism has also allowed
Lundblad and her colleagues to subseguently uncover numerous insights
about what dictates when and where telomerase acts inside the cell,

'ealy Inseph Eoker

J. Coates Chair in Molecular Neurcbiology.
0'Leary tackles questions about brain
development in order to better understand
the genes and molecules which not only
help neurons form and find their place in a
developing brain, but also play key roles in

Ronald Evans receives Frontiers in Science Award

RONALD EVANS, PROFESSOR AND DIRECTOR

the mechanism of hormone signaling, which is crucial

neural function and health throughout |ife, ol
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of Salk's Gene Expression Laboratory, is the recipient
cof the 2015 Frontiers in Science Award. The award
is presented to an individual who has demonstrated
exemplary contributions to their individual profession
or area of expertise.

A Howard Hughes Medical Institute investigator,
Fvans is known for his work on nuclear receptors and

to understanding bedy physiology and the treatment
of diseases. His work on the isolation of the genes
ancoding hormone receptors revealed how they help
control sugar, salt, calcium and fat metabolism as well
as reproductive physiology. bl

www.salk.edu
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Pew Charitable Trusts names Nicola Allen a Pew Scholar
in the Biomedical Sciences

NICOLA ALLEN, ASSISTANT PROFESSOR IN THE
Molecular Neurobiology Laboratery, has received

make sense of its environment. Astrocytes are the most
abundant cells in the brain and play critical roles in
regulating neuronal function. During her postdoctoral
fellowship, Allen identified molecules that astrocytes
use to guide the formation of neuronal connectisns in
the develoging mammalian brain. She has extended
this work to analyzing the critical pericd of development
when newborns rewirg their brains in response to the
stream of visual input. B i

the honor of being named a Pew Schelar in the
Bicmedical Sciences. She is one of anly 22 researchers
in biomedical sciences to receive the honor this year.
She joins the ranks of more than 600 outstanding
scientists who have been selected as Pew scholars in
the 30 years since the program’s inception.

Allen's research investigates the role of astrocytes
in reinforcing the brain's ability to learn new tasks and

Joanne Chory elected to American
Philosophical Society

JOANNE CHORY, PROFESSOR AND DIRECTOR OF THE PLANT MOLECULAR
and Cellular Biology Laboratory, has received the prestigious honor of being
elected to the American Philosophical Society (APS). The APS is an eminent
scholarly organization of international reputation, which promotes useful
knowladge in the sciences and humanities. This country’s first learned scciety,
the APS has played an important role in American cultural and intellectual
life for over 250 vears.

For mare than 25 years, Choty has used Arabidopsis thaliana, a small
flowering mustard plant, as a model for plant growth, She has pioneered the
use of molecular genetics to study how plants respond to their environmant
and has made major discoveries surrounding how plants sense light and make
growth hormones.

Inanne Chory with: har hushznii, Steofier Worlzrd, and children lue and Kaiie

Esteemed neuroscientist and entrepreneurial leader elected to the Salk
institute Board of Trustees

IN APRIL, THE SALK INSTITUTE BOARD OF
Trustees elacted two new members to the Board:
neuroscientist Thomas Jessell and Daniel
Tierney, co-founder of GETCO (now KCG), a

2001. He is alsc the Claire Tow Professor in
the Department of Neuroscience and the
Department of Biochemistry and Molecular
Biophysics at Columbia University. His

most of his time investing in other entrepreneurs
and helping them turn their visions into reality, bl

1p my

technology-enabled market making firm.

“Tom and Dan bring cutstanding records of
scientific expertise and entrepreneurial success
to Salk,” said Irwin M. Jacobs, chairman of
the Salk Institute Board of Trustees. “We are
greatly pleased to have them jcin cur Board
of Trustees.”

Jessell has been a Howard Hughes Medical
Institute (HHMI) tnvestigator since 1985, and
a Salk Institute Non-Resident Fellow since

wiw.salk.edy

research explores the link between the assembly
and organization of neural networks and the
behaviors thay encode. He is examining these
issues through an analysis of circuits that
control movement.

Tierney currently serves as a board member
and advisor at KCG Holdings, Inc. After stepping
down from the co-CEQ role at GETCO in 2012,
Tierney became the founder and president of his
family office, Wicklow Capital. He now spends

“Tom and Dan bring

s prnertise
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— Irwin M. Jacohs
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Salk recruits human geneticist Graham McVicker

EXPANDING ON ITS LEADERSHIP IN
genetics, the Salk Institute is pleased to an-
nounce the appointment of Graham McVicker
as an assistant professor in the Iniegrative Biolo-
gy Laboratery and in the Laboratory of Genetics.
“Graham is a forward-thinking researcher
with an imprassive background in developing and
harnessing innovative technigues to help unravel
the human genome,” says Rusty Gage, professor
in the Laboratory of Genetics. “Understanding
and analyzing human geneatic diversity is crucial
to both science and mediciné, and Graham's
breadth of expertise in computing and genetics
will spur important innovations in these areas.”
McVicker will join the Salk Institute in
January 2016. He seeks to understand how
human genetic variation affects molecular
processes in the cell and contributes to disease.
Geneticists have cataloged millions of
genetic differences between individuals, but
it is difficult to determine which of them affect
human traits such as height, bloed pressure and
disease risk. McYicker has begun to tackle this
problem by developing powerful statistical and
computational approaches to analyze the human
gencme and determine the molecular function
of individual genetic variants.

Instituie News Inside Salkc 08 115

McVicker is particularly interested in genetic
variants that affect chromatin. Chromatin is the
molecular packaging that organizes DNA and
regulates access to the genome, which helps
control which genes are’turned on in speacific
cells. Genetic variants that affect chromatin are
likely to be important for many human diseases
and the McVicker laboratory will focus specifi-
cally on those that affect chromatin in immune
cells. By understanding these variants and
linking them to disease risk, his laboratory will
illuminate why some individuals are more sus-

ceptible to autoimmune and infeclicus diseases.

“I plan to push the boundaries of quanti-
tative genetics and use genetic variation as a
tool to understand the molecular processes that

underlie human disease,” says McVicker. “l am
excited to join the world-renowned faculty at the
Salk Institute, where | will have the intellectual
freedom, resources and collaborations to make
important contributions in these areas.”

McVicker earned his BS from the University
of British Celumbia in computer science and
PhD from the University of Washington in
genome sciences, where he studied how
selection and mutation shape genetic variation
in primate evelution. Mere recently, he conduct-
ed postdoctaral research at the University of
Chicago, Stanford University and the Dana-
Farber Cancer Institute, where he developed
new methods for genetic mapping of molecular
quantitative traits. In

“Graham is a forward-thinking researcher with an impressive

background in developing and harnessing innovative

techniques to help unravel the human genome.”

-— RSty Gepe
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L _
Women & Science: An evening
L |

TWO FEMALE SALK RESEARCHERS HAVE BEEN NAMED THE FIRST
grant recipients of the Salk Women & Science Special Awards initiative.
Nearly 200 people attended a celebratory event spensored by BioMed
Realty on March 24.

The event kicked off with Dress for Success San Diego, an crganization
committed to providing job preparation services to low-income women
striving for self-sufficiency. Among the many donations Salk received for
the drive were 280 dresses and suits, 31 pairs of shoes, 36 purses and
more than 100 items of jewelry and accessories.

At the event, Salk researchers Emily Hatch and Christina Chang were
named the 2015 inaugural Postdoctoral Fellowship Recipient and the
Graduate Student Fellowship Recipient, respectively.

The awards were created to provide funding to female scientists
conducting high-risk research projects. A $100,000 fundraising goal
established in October 2014 was exceeded before the spring Women
& Science event, thanks in part to generous initial gifts from Elizabeth
Keadle, Carol and John Gallagher of the Gallagher Charitable Fund, Lyn
Nelscn, Hoyle Cohen Women's Practice, and Lynne Rosenthal and Patti
Silver of the Leo 8. Guthman Fund.

On the heels of the inaugural Initiative's success, Joanne Chory,
director of the Salk's Plant Molecular and Celiular Biology Laboratory,
pledged the first lead gift for the 2016 grant program “in henor of the
111 women in PBIO-C who enriched my life over the past 27 years.”

In the nearly three decadés Chory has been mentoring young scientists,
44 percent of them have been women.

Befere the recognition ceremony, the evening’s host, Associate
Professcr Clodagh O'Shea, took the stage to thank attendees for their
philanthropy and their growing ranks. Marveling at the mainly female
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celebration and educatio
congregation, she said, "This is the first time I've seen more wemen
in the audience at a scientific talk than men. Let's celebrate that.”

Citing double-digit siatistics that iflustrate the gap still existing
between men and women in scientific academia, 0'Shea said that is
why the Salk Women & Science program is “important to preserve.”
She expressed gratitude for the opportunities &fforded not only her,

+ but also the young women in the fiald today.

Amy Rommel, a postdoctoral research associate in Professor
Inder Verma's Laboratory of Genetics, then proceeded {o captivate
the audience with a talk about her research effors on glioblastoma,
one cf the most lethal forms of cancers,

Current treatment of glioblastoma combines surgical removal of
the tumor, administering toxic chemicals and depriving the tumeor
of nutrients, Rommel explained. Unfortunately, tumor cells have
mechanisms to overcome these attacks. One mechanism of
adaptaticn, previously published in a study from the Yerma lab,
suggesis glicblastoma has the ability to convert some of its tumor
cells into functional vascular cells. Rommel's work proposes novel
strategies to treat glichlastoma by reverse engineering the mechanism
the tumor is already using—reprogramming the tumor-initiating cells
back to their “normal” non tumor-initiating state.

Now in its third year, Salk Women & Science was created to
engage the community in biological science and technology through
presentaticns such as Rommel’s. For more information on the program,
visit www.salk.edu/womenandscience or contact Betsy Reis, director
of Donor Relations, at {858) 453-4100 x1426 or breis@salk.edu. bl

» View video: www.salk edu/insidesalk/0815/womenandscience

www.salk.edu

Where cures begin.
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Hatch. Chang garmer first
g |

Women & Science awards

RESEARCH ASSOCIATE EMILY HATCH, WHO WORKS IN THE MOLECULAR
and Cell Biology Laboratory led by Professor Martin Hetzer, has been named
the inaugural Postdoctoral Fellowship Recipient of the Salk Women & Science
Special Awards Initiative.

Hatch earned her bachalor's degree in biology from Williams College in
2003, and her PhD in 2011 from Stanford University, where she successfuily
studied varicus aspects of centriole duplication. She joined the Salk Institute
in 2011, focusing her work on the nuclear envelope dynamics in mamma-
lian cells. In 2013, she published a landmark paper in Csif in which she
addressed a question centering on the mechanism of chromothripsis, a
recently identified process by which chromoesomes fragment and undergo
massive rearrangement.

“Emily has a great personality and scientifically she is remarkably ma-
ture,” Hetzer wrote in his nomination of Hatch. “She is driven by scientific
passion in its purest form and alsc by the desire to work on cancer-related
questions.”

Christina Chang, a graduate student in the Nomis Foundation Laboratories
for Immuncbiology and Microbial Pathogenesis led by Ye Zheng, was named
the Graduate Student Fellowship Recipient for 2015.

Currently attending the University of California, San Diego tc earn her
PhD, Chang joined Zheng's lab in 2011 to work on a new project that origi-
nated from collaboration between the labs of Zheng and Ronald Evans. Her
research focuses on the molecular mechanism invelved in the differentiation
of T helper 17 cells, a recently identified subset of T lymphocytes.

“Christina has the genuine curiosity that propels her to constantly ask
the right questions and seek answers through her own efforts,” Zheng wrote
in his nomination letter. “She has also presented her work at multiple meet-
ings and conferences with very positive feedback. | can already see her on
the trajectory of becoming an exceptional scientist in the future.” p uj

Christina Cheng

www.salk.edy

Trustee Richard Heyman
addresses Salk alumni

BIOTECH ENTREPRENEUR AND RECENTLY
elected Salk trustee Richard Heyman, PhD, spoke
at the Institute’s annual alumns mixer i Jure. He
was welf surted for the role. Heyman 1s also a Salk
alumnus, having once worked as a postdoctoral
researcher in the 1ab of Ronald Evans, professor and
director of the Gene Expression Laboratory.

Salk's Alumni Program helps connect some
3,500 researchers who trained at the Institute before
going on to important positions at facilities atl over
the world.

Five years ago, Salk estabhished the Alumni-
Faculty Fellowship Fund raising enough funds every
year to grant a fellowship to a postdectoral researcher
Both alumm and current Salk faculty centribute to
the fund.

To tearn more about the Salk Aiumni program,
visit www.salk.edu/alumn: or contact Megan Shockro
at (858} 453-4100 x1405 or mshockro@salk.edu b
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The architect must “determine the various
movements of our heart and of our
ynderstanding, foritis then that we will
k. exqenence the sense of Beauty.”

. L4
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Back to Basics

LEGTURE SERIES at the SALK INSTITUTE

Back to Basics
lecture links
with architec

IN MARCH, OVER 200 PEOPLE GATHERED ON THE
Salk campus to hear Thomas Albright, professor and
director of the Vision Center Laboratory and hoider of
the Conrad T. Prebys Chair in Vision Research, presant
a Back to Basics lecture. In an engrossing talk that
prompted much discussion during the reception that
followed, Albright explained how what neuroscientisis
are learning can help architects design buildings
optimally suited for the humans inside them.
Informed architects can manipulate light, sound,
texture and space to design, for example, hospitals
that promote healing or schools that enhance learning.

Audiences continue to grow for these biannual
lectures that invite the public to hear about the
dynamic research performed at the Salk !nstitute.
There is no cost to attend. For more information about
the next Back to Basics event, which will be held
Tuesday, September 22, 2015, please contact
Jennifer Rothrock at (858) b00-4881 or
jrothrock@salk.edu. Lol

Rizkert |te:11r.r|:—wlm f'*aturf_'d the Salk mﬂ-h_tutj |.|'I h&mmmnm Eufﬂ.t_rg Murqgn!,aw flim prf..l|tn:1' Srappars H-ﬂ-:!h!-'lr-
exfibits e workthroceheot the world e rulm_mmdﬂ-&mmml'tnm on the gnvirapment: The pleces, which wete crealed
by xpiEEing: pigmient 10 ram. werodrsalEyed Hrouh M wilh:30 rarcant af =) sales gsneropsly donated to the Salk fostitute: ko

Samuel Pfaff shares exciting new discoveries with Salk supporters
in New York City

IN APRIL, SAMUEL PFAFF, PROFESSOR
in the Gene Expression Laboratory, Howard
Hughes Medical Institute investigator and
holder of the Benjamin H. Lawis Chair,
traveled to New York to share his most recent
discoveries in neurodegenerative disease.
Trustee Mary Jane Salk hosted the event.
Frangoise Gilot, artist and widow of Jonas
Salk, was among the atfendees.

Pfaff's team investiQates how nerve cells
form and how they wire up correctly, focusing
on fetal development of the spinal cord. His

34
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lab hopes to eventually harness these
“embryonic pathways” to repair or augment
the central nervous system. He and his team
are building on their discovery that just a
handful of critical genes direct the complex

www.salk. edy

neuron wiring programs in early brain devel-
opment, informaticn that could lead to novel

treatments for those with spinal cord injury or

neurclogical disorders such as amyctrophic
lateral sclercsis (ALS).

For more information an scientific presen-
tations in the New York region, please contact
Megan Shockro at mshockro@salk.edu or
(858} 453-4100 x1405.
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BE AMAZED AND INSFIRED

Tax Saiuar attsndaes and repezonisiives frum the Joe W, and Doxciiy Darsett Biown Fuaadation at ihe farisa Raom dinver

Raprese:tatives from the Maisiait Heritage Forndetan and Legacy fionration with Danice! Plaff and Erie Brnstad

43rd Annual Tax Seminar for Private Foundations held in May

THE 43RD ANNUAL TAX SEMINAR FOR PRIVATE FOUNDATIONS,
hosted by the Salk Institute, returned to La Jolla May 11-13. The event,
held at the Estancia La Jolla Hotel & Spa, drew a series of nationally
known lecturers and authors who provided insights on foundation tax law,
management, finance and governance. The seminar covered everything
from the complexity of changes in tax law to new ideas and perspectives for
foundation leaders.

Edwin Hunter, chairman of the event and president of Hunter, Hunter &
Sonnier, says, “No seminar in the private foundation universe offers a more
distinguished or capable faculty.”

Randall Munroe, the tax seminar keynote speaker and creator of the

webcomic xkcd, offered an entertaining talk based on his nonfiction

best seller, What If?; Serious Scientific Answers to Absurd Hypothetical
Questions. Munroe, a former NASA roboticist, spoke to a nearly full house
in Salk’s Conrad T. Prebys Auditorium and followed up his presentation
with a book signing for attendees. The seminar concluded that evening
with an outdoor supper reception in the courtyard. il

Inaugural meeting of Salk Institute Council offers a new way to engage

with the Institute

THE INAUGURAL MEETING OF THE SALK INSTITUTE COUNCIL, HELD
May 12-14, attracted a roster of more than 50 attendees who gathered
to learn more about the Institute. Salk Institute Council co-chairs Rich
Heyman and Diana Kalman, along with faculty liaison Reuben Shaw, put
together an exciting and robust program focusing on the continuum of
Salk science from the early visionary years to the present and beyond.

The mission of the Council is to advocate on behalf of Salk science
by focusing on ieadership development and fundraising through the
meaningful engagement and active participation of its members,

The meeting kicked off with “Bio 101" by Salk's award-winning
Education Outreach team, Ellen Potter and Dona Mapston, who focused
on the hasic science underlying the various research areas represented
by Salk scientists. Additionally, nine Salk faculty members as well as
postdactoral researchers gave presentations on topics ranging from
breakthroughs in science to creativity and the intersection of disciplines.

Chief Financial Officer Kim Witmer and Vice President of External Relations

Rebecca Newman also presented an insider's view of Salk's operational
strategy. Finally, Salk Board of Trustees Chairman Irwin Jacobs closed the
meeting with an inspiring talk about his career in innovation as well as
why he was drawn t¢ Salk.

The program offered many opportunities such as these for participants
to take a behind the scenes peek at the inner workings of the Institute. In
addition to the access attendees were granted to the Institute's scientists
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Instiiaite Covneil Cr-Chairs Diana Ha'man and Rich Heyman

and Salk community, there was also an opportunity to tour Salk’s Stem
Cell Core and Waitt Advanced Biophotonics Center Core.

Claudia Ehrlich, senior director of External Relations and staff liaison
for the Councll, noted, “The meeting offered many ways for attendees to
engage with the innovative work being done at Salk, from the science to
ihe business and leadership. Our hope is they all came away invigorated
and inspired to deepen their engagement with the Institute.” b
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SUNDAY, OCTOBER 11, 2015

VADYM KHOLODENK

et :

“His masterful performance astonished us with the
power and beauty of his playing...It was the kind of
magical performance that made you hold your breath.™

— Feninsula Reviews

TONY HUNTER
Frofassar Madul;

SUNDAY, NOVEMBER §, 2015

ASE MATATHIAS & VIGTOR STANISLAVSKY
vinhim and p

& with virtuosie flair and technigque to burn,
Asi Matathias and Victor Stanislavsky performed
a riveting recital.”
— San Diego Arts

SUNDAY, JANUARY 24, 2016

sgand VIETOR GOINES

& reaffirms that lyrical grace and technical bravura
can co-exist beautifully.”’ — cricage mibune

WWWSALK EDU/M

SUNDAY, FEBRUARY 21, 2016

MSelf-possessed Parnas is musically peised...this
was artistry that cannot be taught; the musician
simply owns it.”" '

— The Washington Post

BEVERLY EMERSON
Profestar ptoary- 50

SUNDAY, MARCH 20, 2016

JULIA BUL

LOEK. seprano

“ts. Bullock wielded her elegant, richly hued
voice to alluring effect...ravishingly visceral.””

The New York Tines

GEDFFREY WAHL

SUNDAY, APRIL 24, 2016

SEAN CHEM & WAREN 10Y DAVIS
Dt thrmo’ Comcard

“5ean Chen has the rare ability to combine poetic musical
sensibilities and dazzling technical prowess.”

— LA Music Examiner

*Ms, Davis' performance was unigue and assured...
displayed sparkling brilliance and technical accuracy™
— The London Times

JULIE LAW
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InsidersView

William R. Brody, MD, PhD
President, Salk Instifute
lrwin M. Jacobs Presidential Chair

The Second Green Revolution

IN 1968, | REMEMBER BEING SCARED OUT OF MY
wits reading the best-selling book by Stanford ecologist
Paul Ebrlich, The Population Bomb. Professcr Ehrlich’s
logic was impeccable. he said the global popuiation would
double by 2005 (to about 7 billion 1n actuality) and that
the wolid would run out of food, causing mass starvation
and deaths

When 2005 came, Ehrlich's predictions on population
growth prover remarkably accurate, but not his warnings
of global-scale starvation. Where was the food shortage?
As it turned out, Ehrlich’s caleulations hadn't factorad in
important developments 1n the growth of the food supply
that would help foed production keep pace with the
burgeoning human population. -

In fact, what happened was the Green Revolution, a
period of dramatic growth in the world feod supply kicked
off by Norman Borlaug, an American plant biotogist who
developed strains of wheat that were much higher yielding
and disease res/stant than the status quo In add:tion, the
introduction of advanced agricultural practices worldwide
previded a tremendous increase In productivity not thought
feasible when Ehrfich made his deomsday prediciion.

Borlaug launched the Green Revolution and was joined
in this effort by many other scientists who introduced similar
innavations 1n agriculture production.

Agricultural innovations allowed wheat production to
increase from 800 pounds per acre 1 the 1950s to over
6,000 pounds per acre by the late 1960s. For his work,
Borlaug received the Nobel Peace Prize and 1s credited
with saving millions of lives from starvafion.

Insider's View Inside Satk 08115

Today, young ecologists are begianing to write books
similar to The Population Bomb. Although the world
population growth 1s slowing, so is the growth of agricultural
productivity, and climate change 1s already tipping regions
around the world inte drought.

We need visionary plant biologists who can develop
a much deeper understanding of how plants react to
environmental stress and what can be done to protect
existing spét':les or create new ones that are more tolerant
of heat, drought and disease.

' Unfortunately, at the moment, the field of plant biology
is seriously underfunded. Yes, | know that getting National
Institutes of Health grants is difficuit, but for plant biclogy
the scene 1s even bieaker. NIH typically only funds plant bioto-
gy granis where there is a hink to the understanding of human
diseases, while the National Science Foundation budget for
plant biclogy has been woefully inadequate for decades.

Private philanthropy 1s helpful—the Gordon and Betty
Mcore Foundation teamed with the Howard Hughes Medical
institute to fund faculty schotars in plant biology—as was
illustrated when Salk professor Joseph Ecker received one of
these generous awards Bui we need to raise awareness
among the generat public that funding piant science Is just
as important as funding cancer research.

We need to kick-start the Second Green Revelution. The
well-being of our children and grandchildren will likely depend
upon Innovations to protect and grow our food sources, laul

wyew salk edu

Scientific discovery at the Salk Instituta is made nossitle thiough
annual contibutions from individuzls, orgenizations, corporations
and fournidations. Your support will accelerate e pace of hreak-

throughs in undersfarding disease and pave the way 1o new divg

therapizs. To keam more, please visit winw,zali

wduisupnert of

“call 1858) 453-4100 (1405,

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. Contribu-
tors up to $2,500 receive Inside Salk magazine and invitations to annual
events at the Institute.

SALKEACELLERATORS

The Salkexcellerators program is focused on making Salk science accessible
to a younger generation of business professionals, entrepreneurs and volun-
teers. Donors receive inside Salk magazine and invitations to private recep-
tions 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 & central role for the Institute and provide
the flexibility to respond to Salk’s greatest needs. Contributors of $2,500 to
$25,000 enjoy unigue 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 missien 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
knowladge. Donors are invited to exclusive lab tours and special events with
senior researchers that provide opportunities to discuss specific areas of
interest. Donors receive Salk publicaticns and individual reports on the
impact of their gifis.

SPECIAL PROJECTS

If you have a special interest in one of Salk’s arsas of research, such as can-
cer, aging, diabetes, neuroscience, genetics, vision or plant biclogy, 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 ansuring your legacy lives on, and it can maximize tax and other
financial benefits to you, yeur family and the Institute. Partners in Research

members receive special communications and are invited to events through-
out the year.

Where cures begin.
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