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one discovery can have an exponential impact on human health
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As a young physician-scientist, Dean Minor’s unconventional 
research led to the discovery of superior canal dehiscence 
syndrome, a debilitating disorder characterized by sound- or 
pressure-induced dizziness. He and his team subsequently 
developed a surgical procedure that corrects the problem 
and alleviates symptoms.

This philanthropic support allows our 
scientists to pursue unconventional 
ideas that have the potential to trans- 
form our understanding of human 
biology—and our ability to improve 
human health.

— Lloyd B. Minor, MD 
Carl and Elizabeth Naumann Dean 

Stanford University School of Medicine

121
innovative new 
research projects

$947K
average size of a 
follow-on grant

80
new research grants

191
new research papers

200+
national/international 
research presentations

9
new patents
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Discovery Innovation Awards support early- 
stage research projects that could exponentially 
accelerate our understanding of human biology—
and our ability to predict, prevent, and cure disease. 
These competitive seed grants are available to 
faculty across all 12 of Stanford Medicine’s basic 
science departments.

Since the launch of this program eight years ago, 
$8.17 million in philanthropy has been distributed 
to fund 121 high-risk, high-reward projects, with 
an average grant size of just $70,000 per project.

More than one out of every three faculty recipients 
have leveraged their findings from these awards 
to receive additional funding that allows them to 
continue their lines of investigation.

Of the nearly 40 percent of projects that have 
received follow-on funding, the average grant size is 
$947,097, nearly doubling the average size of grants 
distributed by the National Institutes of Health (NIH).

Furthermore, faculty recipients and their lab 
members have published 191 papers in leading 
scientific journals on their findings from these 
projects and presented their research at more than 
200 national and international conferences.

Nine patents have been filed as a result of these 
projects, and three companies have been founded.

Nine faculty members have received R01 grants 
from the NIH using preliminary data from their 
awards, and two faculty members shared that 
this funding “transformed” their research. From 
Professor Dan Jarosz: “This funding seeded a line 
of research that has become the backbone of my 
laboratory. And I almost let it go because it was 
deemed too risky by the NIH! Now they are happy 
to support it, but without the vision of this program 
nothing would have happened.”

Thank you for your investment in the pursuit of 
scientific understanding and for believing that one 
discovery can have an exponential impact.

$8.1M
awarded

$75M
generated in

follow-on funding

more than

9× 
return on 

investment



Exploring the 
molecular 

basis of life by 
studying how 
molecules act 

and interact 
to accomplish 

highly complex 
processes 
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DECIPHERING  THE  MOLECUL A R 
L A NGUAGE  OF CELL S A ND TIS SUES

Pehr Harbury, PhD
A S S O C I AT E  PR O F E S S O R  O F B I O C HEMIS T R Y

The cells of the human body collaborate with each 
other to build essential physiological structures, 
such as an alveolus in the lung, a nephron in the 
kidney, and a ganglion in the nervous system. A 
constant “chatter” of molecular signals between 
the cells allows them to organize a division of labor. 
Some cells specialize to become muscle, others 
to form blood vessels, others to create skin, and 
so forth. Different combinations of molecular sig-
nals form the “words” of a cellular language, and 
the words that each cell hears from its neighbors 
instruct its behavior.

Deciphering cellular language remains a great 
challenge, akin to an epigrapher deciphering ancient 
text written in a lost language. First we must learn 
all of the letters of the language, which in the case 
of the cell means deciphering roughly two dozen 
different molecular signals. This project aims to 
implement a tool that can read the entire cellular 
alphabet in a single microscope image. This is an 
important step toward understanding what cells 
are saying when the body is healthy, undergoing 
regeneration, or experiencing disease. By learning 
how to read this language, we may one day be able 
to edit or rewrite it, to correct processes gone awry 
in many disease contexts.

 c
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TA RGE TING CHEMOTHER A P Y TO THE 
NUCLEUS TO FIGHT C A NCER

Onn Brandman, PhD
A S S O C I AT E PR O F E S S O R O F B I O C HEMIS T R Y

Colorectal cancer is the second most common 
cause of cancer deaths worldwide. A leading treat-
ment for colorectal cancer, called oxaliplatin, acts 
through a mechanism that has remained unknown 
while also causing peripheral neuropathy for yet 
unknown reasons. This knowledge gap has hin-
dered the development of improved therapies and 
drug combinations that not only limit toxicity, but 
improve efficacy. 

We aim to develop a mechanistic understand-
ing of oxaliplatin in order to improve our ability 
to trouble-shoot all of these issues with rational, 
scientifically guided approaches in place of the 
current trial-and-error strategy, which is clearly 
failing. We recently discovered that oxaliplatin kills 
cancer cells by binding to a cellular organelle called 
the nucleolus. The nucleolus is critical for making 
proteins, including those that drive cancer cell 
proliferation, suggesting that oxaliplatin somehow 
alters protein production to shut down the cell. Yet, 
how oxaliplatin targets the nucleolus and what 
exactly it does when it gets there remains unknown. 

We now seek to understand these mechanisms 
and how they interact with that of other cancer 
therapies given in combination with oxaliplatin. 
This work will enable clinical improvements in 
multiple ways. First, medicinal chemists may be 
able to design structural alterations to oxaliplatin, 
based on these mechanisms, to improve activity or 
decrease side effects. Second, this knowledge will 
also enable scientifically informed pairing of com-
bination therapies for greater efficacy and minimal 
toxicity. Finally, this mechanistic understanding 
may enable us to pioneer a whole new class of 
anti-cancer treatments targeting the nucleoli of 
cancer cells, which could be broadly applicable 
across cancer types.
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DEFINING NEUR A L DY N A MIC S TH AT 
CONTROL MOTOR FUNC TION A ND 
COMPLE X OPER ATIONS

Paul Nuyujukian, MD, PhD
A S S IS TA N T PR O F E S S O R O F B I O EN G IN EER IN G 
A N D O F N EUR OSUR G ER Y A N D,  BY  CO UR T E S Y,  O F 
EL EC T R I C A L EN G IN EER IN G

Among all organs in the body, we understand the 
brain the least—we still do not know how the 
brain controls movement, let alone complex 
thought processes. Although much research has 
gone into studying neuronal signals at a cellular 
level, understanding the characteristics and behav-
iors of individual neurons does not facilitate even 
an elementary understanding of how the brain 
controls complex operations such as movement, 
memory, and cognitive function. How populations 
of neurons come together to form circuits that dic-
tate movements and complex behaviors remains 
a mystery. 

This project seeks to reveal the neurocircuitry 
underlying voluntary movement by introducing 
lesions to specific areas of the brain that are impli-
cated in planning and executing motor functions, 
and examining the impacts on compromised 
motor activity. Defining neural dynamics nec-
essary for precision movement and preparatory 
activity will set the stage for both scientific and 
clinical advances. 

These studies will yield greater insight into the 
neurobiological underpinnings driving voluntary 
behavior and serve as an example with which to 
explore other complex cortical regions and their 
functions. Meanwhile, these discoveries may be 
leveraged to develop novel clinical devices to treat 
brain disease. Such devices could measure the 
activity of neuronal populations to inform treat-
ments and might even be designed to modulate 
brain activity accordingly to correct pathological 
brain activity. This novel class of neuromodulatory 
medical devices has implications for every category 
of brain disease, from the near-term goals of stroke 
recovery and epilepsy to treating more complex 
psychiatric diseases.

DUA L DI AGNOSIS  A ND TRE ATMENT 
FOR LE W Y BODY DEMENTI A / 
PA RK INSON’S DISE A SE

Possu Huang, PhD
A S S IS TA N T PR O F E S S O R  O F B I O EN G IN EER IN G

Lewy body dementia (LBD) is the second most com-
mon dementia illness after Alzheimer’s disease (AD), 
for which there are currently no effective diagnostic 
methods or treatments. LBD afflicts patients with 
Parkinson’s disease, and a separate category of 
patients suffering dementia with Lewy bodies. The 
pathological hallmark of LBD is the accumulation 
of misfolded α-synuclein (αS) in the brain. However, 
this is not unique to LBD; approximately 30 percent 
of AD cases also have αS pathology, exhibiting more 
rapid and severe cognitive decline than AD alone. 

The exact cause of αS misfolding, and how that 
impacts cognition, are unknown, but there is a 
clear link to the aging population. Given the prev-
alence of LBD, and a growing geriatric population 
in years to come, there is an urgent unmet need to 
develop methods for the diagnosis, prevention, and 
treatment of this debilitating disease. Here, we pro-
pose to develop a novel strategy to detect LBD early, 
before disease pathology becomes irreversible and 
when interventions are more likely to be successful. 

Disease progression is often caused by an over-
active immune system, which damages cells in 
the brain. We propose a strategy to detect the link 
between the disease-causing αS in the brain and 
the peripheral immune system and leverage that 
connection for early-stage diagnosis. Here we 
develop a novel synthetic protein that targets the 
major histocompatibility complex, a major acti-
vator of immune responses. We hope to not only 
detect immune activation signals, but also poten-
tially block them with the same molecular mecha-
nism. Investigating this new strategy may therefore 
yield a dual-pronged approach, where the method 
of disease detection may also serve as the treat-
ment for LBD, by binding to and dampening patho-
logical immune activation signals.
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Harnessing the 
power of data 

to promote 
health, prevent 

disease, and 
deliver care 

better, faster, 
and more 

cheaply
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COMBINING PH A RM ACOGENOMIC S 
WITH PH YSIC A L INTER V ENTIONS FOR 
R A PID RECOV ER Y

Teri Klein, PhD
PR O F E S S O R O F B I O MED I C A L DATA S C IEN C E A N D 
O F MED I C IN E (B MIR )

Traditionally health care in the United States has 
focused on treating sick patients with medica-
tions, but recently other behavioral interventions 
such as exercise, better eating habits, and limiting 
alcohol consumption are gaining attention for their 
role in not only maintaining health, but improving 
patient outcomes across a range of disease states 
from cancer to osteoarthritis. In particular, physi-
cal therapy and mobility assist devices can greatly 
benefit those who suffer from debilitating osteoar-
thritis, which afflicts a large portion of the geriatric 
population. However, research into the efficacy of 
such non-pharmaceutical interventions is hard to 
come by due to limited interest from funding agen-
cies and pharmaceutical companies.

We aim to combine personalized drug therapy 
with mobility assist devices (i.e., the Alinker) to 
achieve better outcomes for patients with osteo-
arthritis. By both optimizing therapeutics with 
pharmacogenomic insights and assisting patients 
with a normal walking gait, we expect to accelerate 
patient recovery while minimizing medical inter-
ventions and resulting medical costs.

We are uniquely poised to conduct these stud-
ies, which have not been undertaken in the past 
due to many factors. First, these studies will require 
cross-disciplinary collaborations between diverse 
medical professions, from pharmacogenomics 
to physical therapy, which are traditionally hard 
to achieve. Second, due to a lack of preliminary 
studies on the impacts of personalized treatments, 
both pharmacologic and physical, on osteoarthri-
tis outcomes, funding is difficult to procure. Now 
is the time to overcome these hurdles. Our stud-
ies will pave the way for more effective, person-
alized treatment approaches that leverage behav-
ioral interventions alongside pharmaceuticals to 
optimize patient outcomes.

 c
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DISCOV ER Y OF V IR A L E VOLUTION A R Y 
PROCES SES FOR PA NDEMIC 
PREPA REDNES S

Julia Salzman, PhD
A S S O C I AT E  PR O F E S S O R  O F B I O MED I C A L DATA 
S C IEN C E  A N D O F B I O C H EMIS T R Y

The COVID-19 pandemic has brought the basic biol-
ogy of RNA viruses and their evolution to the fore-
front of public and scientific inquiry. Yet despite 
the critical importance to global public health, we 
still do not understand the mutational processes 
that dictate the evolution of novel RNA viruses—a 
critical step in predicting not only how and when 
pandemics will emerge, but also their trajectory 
once they have jumped into human populations.  
While active surveillance of viral strains in zoonotic 
animal populations is, and has been, ongoing as 
a means of pandemic preparedness, our inability 
to foresee viral evolution has prevented us from 
adequately assessing their risks to human popula-
tions. Meanwhile, the emergence of novel COVID-19 
strains within human populations presents a con-
stant challenge to public health efforts as the virus 
morphs to evade our control.

The goal of this project is to leverage massive 
viral metatranscriptomic data with novel statisti-
cal models to infer how RNA virus communities 
evolve, and how quickly they can do so. These sta-
tistical models will enable the prediction of which 
specific COVID-19 viral communities are evolving 
most rapidly, to guide public health interventions 
in specific areas that will prevent the emergence of 
more virulent or transmissible strains—an incredi-
bly significant real-world impact. This project will 
also improve the impact of viral surveillance in 
both human and animal populations by enabling 
researchers to assess which viruses most likely 
pose the greatest threat and on what time-scales. 
In addition, revealing the mutational processes 
underlying viral evolution has the potential to spur 
a new generation of molecular tools for bioengi-
neering, analogous to the discovery of CRISPR for 
modifying DNA. 



Discovering 
the molecular 
mechanisms 
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ENGINEERING NE W BIOSENSORS 
TO V ISUA LIZE CELLUL A R 
COMMUNIC ATION

Tom Wandless, PhD
PR O F E S S O R O F C H EMI C A L A N D S Y S T EMS 
B I O LO G Y A N D,  BY  CO UR T E S Y,  O F C H EMIS T R Y

The ability of cells to communicate with each other 
is essential for multicellular life, including the func-
tioning of complex human tissues and organ sys-
tems. For example, a human white blood cell must 
be able to communicate with surrounding cells 
to distinguish between self-cells and pathogenic 
bacteria or parasites. To make these distinctions, 
the exterior of a white blood cell is decorated with 
many protein molecules, which constantly inter-
act with nearby cells to distinguish friend from foe. 
When the white blood cell contacts a foreign cell, 
the proteins on the surface send a signal into the 
nucleus telling the white blood cell to activate an 
attack. The white blood cell itself acts to eliminate 
the intruder cell and also alerts other nearby white 
blood cells to come help. 

Biologists have made great progress under-
standing these complex cell communication path-
ways. Small molecules called “second messen-
gers” rapidly diffuse throughout the cell, spreading 
the message to proteins to turn on and activate 
downstream responses. Biologists can visualize 
many of the proteins involved in these signaling 
pathways, yet the small, second messengers are 
invisible. Our inability to know exactly when and 
where these molecules are produced, and also 
where they carry their messages, is a critical bar-
rier to progress in this field.

We aim to develop new fluorescent biosensors 
that will allow biologists to literally see where and 
when second messengers are produced, in real 
time and in live tissues, when specific signaling 
pathways are turned on. These novel biosen-
sors will enable researchers to not only reveal 
the nuances of how cells communicate, but also 
to identify aberrant communication signals in 
the context of various diseases, from cancer to 
immune dysfunction.

V ISUA LIZING  REGUL ATOR Y PROTEIN 
MODIFIC ATIONS IN RE A L TIME

Gheorghe Chistol, PhD
A S S IS TA N T PR O F E S S O R  O F C H EMI C A L A ND 
S Y S T EMS B I O LO G Y

Our cells make more than 10,000 different proteins 
to carry out functions required for life. Moreover, 
cells employ hundreds of custom post-translational 
modifications to alter the properties and functions 
of these proteins. These individual modifications 
can even be linked together to form long linear 
or branched “chains,” which play critical roles in 
controlling how cells grow, how cells repair DNA 
damage, and whether cells die or not. These pro-
cesses often go awry in the context of cancer, mak-
ing enzymes that “read” and “write” such modi-
fications excellent targets for anti-cancer drugs.

However, we remain completely oblivious to 
many important dynamics of long-chain protein 
modifications. Importantly, protein modification 
chains grow and shrink very quickly—within only a 
few seconds—yet the methods used to study them 
cannot measure these fast dynamics. In fact, we 
are blind to many important aspects of their reg-
ulation and control.

Here we propose to develop a new method 
to study long-chain protein modifications using 
advanced imaging. This new technology will 
enable us to visualize how individual proteins are 
modified in real time, to study the basic biology 
of these modifications, and thus gain insights to 
improve cancer therapies.
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Researching 
the biological 

similarities and 
differences 

among species 
to better 

understand the 
mechanisms 

of human and 
animal disease
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S TUDY ING  SENSOR Y SUPPRES SION 
TO TRE AT  NEUROPS YCHI ATRIC 
DISORDERS

Shaul Hestrin, PhD
PR O F E S S O R  O F CO MPA R AT I V E MED I C IN E

We are constantly exposed to ongoing streams 
of sensory information, but we react to only a 
select few of these inputs. Our ability to ignore 
most sensory information is an important aspect 
of sensory processing essential to our functioning 
as human beings. When the mechanisms that 
suppress sensory inputs fail, sensory overload is 
experienced and interferes with normal activities 
and behaviors. Sensory overload has been impli-
cated in many disorders, including attention deficit 
hyperactivity disorder (ADHD), post-traumatic stress 
disorder (PTSD), obsessive-compulsive disorder, 
schizophrenia, and autism spectrum disorders.

Although there has been much research on how 
we process and respond to sensory inputs that 
do grab our attention, there has been very little 
investigation into the mechanisms that allow us 
to suppress most incoming sensory information. 
Understanding these mechanisms could poten-
tially guide therapeutic approaches targeting 
specific neuromodulatory pathways or groups of 
interneurons to treat major neurological and psy-
chiatric disorders.
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IDENTIF Y ING THE UNDERLY ING 
C AUSE OF NEUROPATHIC PA IN —
POTENTI A LLY  A BNORM A L RE WIRING 
OF SENSOR Y RECEPTORS

Corinna Darian-Smith, PhD
PR O F E S S O R O F CO MPA R AT I V E MED I C IN E

Spinal cord injury (SCI) primarily affects young peo-
ple, who must endure a lifetime of expensive care, 
long-term paralysis and chronic pain. Conventional 
treatments for pain in particular remain inadequate 
because we do not understand the fundamental 
cause of the pain, and there is no sufficient animal 
model in which to develop treatments.

To facilitate progress in understanding and treat-
ing chronic pain, we propose to study primates as a 
suitable animal model with close similarity in sen-
sorimotor systems. Specifically, we will examine 
specialized sensory receptors in the skin called 
Meissner’s corpuscles (MCs) and how they rewire 
after injury. These important receptors are par-
ticularly abundant in the primate (and especially 
human) hand and contribute to the impressive dex-
terity unique to these species. MCs relay signals to 
the brain via two nerve types—one carrying tac-
tile information and the other pain information.

We will investigate whether the connections to 
pain nerves increase and become dominant follow-
ing spinal injury. If so, this would help explain why 
so many SCI patients develop intractable chronic 
pain, and importantly, could lead to new therapeu-
tic strategies to improve treatments.



Advancing our 
understanding 
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maintain diverse 
cell types during 

development

D
E

V
E

LO
P

M
E

N
TA

L
B

IO
LO

G
Y



PRECISION MEDICINE  FOR MOUSE 
MODEL S

Gill Bejerano, PhD
PR O F E S S O R  O F D E V ELO PMEN TA L B I O LO G Y, 
O F CO MPU T ER  S C IEN C E ,  O F PED I AT R I C S 
(G EN E T I C S),  A N D O F B I O MED I C A L DATA S C IEN C E

Model organisms are utilized by the scientific com-
munity to advance the study of biology and medi-
cine. Over the years, the laboratory mouse has con-
tributed more to science and medicine than any 
other model organism. For centuries mice have 
been bred, crossed, and mutagenized to replicate 
different characteristics resembling human disease 
conditions. However, in many cases the underlying 
genetic alterations that cause those disease charac-
teristics in specific mouse strains remain a mystery.

We propose to genetically sequence these mouse 
models to elucidate the genes and mutations 
behind specific disease etiologies. With advances 
in DNA sequencing technologies, it now costs only 
a few hundred dollars or less to sequence a mouse 
genome. Our goal is to develop the tools to inter-
pret this sequencing data, and point researchers to 
the genes and variants that cause disease pathol-
ogy and/or characteristics of interest. We have 
already pioneered a suite of tools to interpret the 
genomes of more than 116,000 patients and pin-
point genes associated with different disease states 
in humans. Adapting these tools to interpret the 
genomes of mouse models will bring the precision 
medicine revolution to the study of mice, enabling 
thousands of discoveries directly relevant to basic 
biomedicine and human health.

EN A BLING TR A NSL ATION A L 
RESE A RCH FOR GENES A S SOCI ATED 
WITH AUTISM SPEC TRUM DISORDER

William Talbot, PhD
PR O F E S S O R O F D E V ELO PMEN TA L B I O LO G Y

Genome sequencing studies have implicated more 
than 1,000 genes in—or that may underlie—autism 
spectrum disorder (ASD) and other neurodevel-
opmental disorders, but very few animal models 
are available to study these mutations and how 
they actually contribute to disease. In far too many 
cases the discoveries from human genome studies 
have not translated to clinical improvements in 
treatment or diagnostics for these diseases due 
in part to the lack of animal models to elucidate 
the functions and mechanisms of action of these 
putative disease-causing mutations.

We aim to rapidly develop such animal models  
of human disease mutations in order to facili-
tate these functional studies and accelerate clin-
ical impacts for neurodevelopmental disorders. 
Specifically, we will use genome-editing techniques 
to engineer zebrafish models of five ASD genes, 
enabling us to study their roles in brain develop-
ment and test the consequences of mutations in 
these genes. Zebrafish provide many advantages for 
genetic and cellular studies which will make these 
goals possible. 

After these initial studies, our longer-term goal 
is to expand our efforts and create many more 
zebrafish models of other genes implicated in 
ASD. Ultimately, we aim to thoroughly catalog 
and characterize the impacts of these genes on 
neurodevelopment and enable the mechanistic 
and preclinical studies necessary to yield clini-
cal advances for patients with autism.
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Leveraging 
economics, 

sociology, 
anthropology, 

political science, 
public health, and 

epidemiology  
to better 

understand 
the broader 

determinants  
of health
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CLINICI A N INSIGHTS A ND BI A SES IN 
DIS TINGUISHING  LUPUS NEPHRITIS 
A ND PREECL A MPSI A  IN  PREGN A NC Y

Julia Simard, ScD
A S S O C I AT E  PR O F E S S O R  O F EPID EMI O LO G Y A N D 
P O PU L AT I O N H E A LT H A N D,  B Y  CO UR T E S Y,  O F 
MED I C IN E  ( IMMU N O LO G Y  A N D  R H EUM ATO LO G Y )

Lupus nephritis and preeclampsia are both severe, 
life-threatening conditions with similar presenta-
tions that can occur during pregnancy. They are 
difficult to distinguish, but accurately identifying 
each condition is essential as they each require dif-
ferent treatment approaches. Unfortunately, diag-
nosis falls on clinicians to interpret patient symp-
toms with their best judgment, as there is no gold 
standard for diagnosis.

We aim to improve the diagnostic accuracy for 
these two conditions by studying clinician decision- 
making processes and biases that may lead to 
incorrect diagnoses. First, we will examine whether 
the specialty of the clinician influences how they 
approach the case by surveying specialists in rheu-
matology, nephrology, and obstetrics/gynecology. 
We will present them with clinical vignettes and task 
them with differentiating the two diagnoses and 
determining the next steps in case management. 
Second, we will investigate how cognitive biases 
impact a physician’s interpretation of the data when 
the age and race of the patient differs. The vignettes 
will randomly vary according to age and race while 
the remaining clinical features and relevant history 
remain unchanged. 

Through these studies we hope to glean insight 
into the factors that influence physician clinical 
decision-making in order to better inform better 
medical education, as well as to promote a multi- 
disciplinary clinical approach to improve patient care.

 

CITIZEN -SCIENCE- EN A BLED 
RESE A RCH TO PROMOTE HE A LTH 
EQUIT Y  A MONG THE U. S .’S  MOS T 
V ULNER A BLE OLDER A DULTS

Abby C. King, PhD
PR O F E S S O R O F EPID EMI O LO G Y A N D 
P O PUL AT I O N H E A LT H A N D O F MED I C INE 
(S TA N F O R D PR E V EN T I O N R E S E A R C H C EN T ER )

Successful aging is strongly dictated by the physical 
and social environments in which we live, which 
impact both our mental and physical health. This 
is particularly true for older adults living in disad-
vantaged communities, where conditions are not 
ideal. However, the impacts of these environments, 
and how to improve them to minimize illness in 
aging populations, as well as health-care costs to 
society, are unclear due to lack of data. Current U.S. 
data systems do track information about physical 
and social environmental conditions, but only from 
the national level down to community or zip code 
levels. Rarely do they include local information that 
reflects the actual lived experiences of older adults 
themselves as they go about their daily lives.

We have developed a novel technology-enabled 
“citizen science” mobile app (Discovery Tool) that 
allows residents themselves to systematically col-
lect meaningful information about local neighbor-
hood conditions that help or hinder their ability 
to live healthy lives. We will explore how to most 
effectively combine these “bottom-up” citizen sci-
ence data with “top-down” epidemiological data 
systems to provide a more comprehensive and 
meaningful understanding of both the barriers to, 
and enablers of, healthy living in culturally diverse 
older adults. By developing innovative methods 
for visualizing our results for researchers, policy 
makers, and residents themselves, we believe 
that a better understanding of older adults’ cir-
cumstances and needs will emerge that can help 
drive age-friendly community changes. Ultimately 
this work will improve the health of these vulner-
able aging populations while helping to alleviate 
the financial burden on families and the health-
care system.
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Studying genes, 
genomes, 

genetic 
variation, and 

heredity in 
organisms and 

populations 
and their 

contributions 
to disease

G
E

N
E

T
IC

S



R A PID REMODELING 
OF THE TR A NSL ATOME 
FOR TIS SUE REPA IR  A ND 
REGENER ATION

Maria Barna, PhD
A S S O C I AT E PR O F E S S O R O F 
G EN E T I C S

The biggest biomedical challenge of 
this century is the restoration of dis-
eased organs and tissues. Our goal is 
to discover how the axolotl, a small sal-
amander endemic to Mexico, rebuilds 
functional adult tissues in a matter of 
weeks. Our approach is to focus on 
molecular factories called ribosomes, 
which produce all the building blocks 
that make up our bodies. 

When tissues sustain damage, our 
cells tune these factories to make 
only essential building blocks that 
are critical for survival and repair. 
Until recently, the textbook view has 
been that ribosomes are rote assem-
bly lines with little control of their pro-
duction inventory. However, in a par-
adigm-shifting discovery, touted as 
the “Breakthrough of the Year” in 2011 
(Science Signaling), we demonstrated 
that ribosomes are molecular gate-
keepers with tight control over when, 
where, and which building blocks are 
made.

Our goal is to reveal how the sal-
amander reprograms its ribosomes 
into efficient regeneration machines 
by using cutting-edge, genome-wide 
deep sequencing and mass spectro- 
metry methods to pinpoint which 
genes are turned into vital building 
blocks for rapid healing and regen-
eration. Unlocking the salaman-
der’s secret to self-healing will open 
new avenues for human regenerative 
medicine and advance treatments for 
many incurable diseases. 

RESCUING 
PHOTORECEPTORS WITH 
A  NOV EL PROTEIN IN A 
MOUSE MODEL OF AGE-
REL ATED M ACUL A R 
DEGENER ATION

Douglas Vollrath, MD, PhD
A S S O C I AT E PR O F E S S O R  O F 
G EN E T I C S A ND,  B Y  CO U R T E S Y,  O F 
O PH T H A L M O LO G Y

Age-related macular degeneration 
(AMD), a common blinding disease 
of the elderly, starts in a particular 
type of retinal cell within the retinal 
pigment epithelium (RPE), which is 
then followed by subsequent death of 
neighboring photoreceptors, causing 
vision loss. The RPE and photorecep-
tors are like trading partners and their 
molecular commerce of food mole-
cules is essential for vision. In AMD, 
the cellular powerplants (mitochon-
dria) in RPE cells dysfunction, creating 
a shortage in fuel for both RPE cells 
and photoreceptors that impacts their 
survival and function.

We previously created a mouse 
model of AMD by modifying the RPE 
so that the mitochondria do not func-
tion properly and found that photore-
ceptors die as a result. We have now 
found that adding a particular mito-
chondrial protein to the dysfunctional 
mouse RPE can keep photoreceptors 
alive. We aim to understand how this 
protein rescues photoreceptors by 
studying the trafficking of food mol-
ecules between the RPE and photore-
ceptors in the presence and absence 
of this protein. Success of this project 
will define critical aspects of molecu-
lar commerce between the RPE and 
photoreceptors that will point to new 
avenues for AMD treatments. 
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POS SIBLE  TOXIC EFFEC TS 
OF ME TA LLIC  OXIDE- B A SED 
SUNSCREENS ON COR A L S

John Pringle, PhD
PR O F E S S O R O F G EN E T I C S

Coral reefs are biodiversity hotspots 
of great ecological, economic, and 
aesthetic importance. Their global 
decline due to climate change and 
other anthropogenic stressors has 
increased the urgency of conservation 
efforts. Such efforts would be greatly 
furthered by a better understanding of 
the underlying molecular and cell biol-
ogy of the coral animals, the keystone 
species of these ecosystems, and we 
have been working to develop such 
an understanding using both corals 
themselves and a closely related sea 
anemone as a model system.

A particular threat that has received 
much popular and political attention 
recently is that posed by the organic 
compounds used as UV-light absor-
bents in many common sunscreens. 
These pass into the seawater from 
the bodies of swimmers and snor-
kelers and may reach concentrations 
that are toxic to corals or their larvae. 
Although it remains uncertain how seri-
ous this problem really is, many states 
and countries have already banned 
such sunscreens, and alternative sun-
screens based on metallic oxides (zinc, 
titanium) are being widely promoted as 

“coral safe.” However, the evidence to 
support this claim remains very limited. 

In the studies proposed here, we 
will launch a study of the levels of tox-
icity of these compounds using the 
sea-anemone model system to bet-
ter inform these policies and provide 
insight into how to best protect these 
essential ecosystems.



Researching 
how microbes 

survive and 
cause disease 

and how 
immune 
systems 
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DECIPHERING MOLECUL A R  DRI V ERS 
OF IMMUNE S YS TEM AGING

Juliana Idoyaga, PhD
A S S O CI ATE PR OF E S S OR OF MICR OBIOLO G Y  
A ND IMMUNOLO G Y

Aging of the immune system results in severe health 
repercussions for the elderly, including an inability 
to fight infections such as COVID-19 or influenza. 
Unfortunately, we still lack a basic understanding 
of the mechanisms of immune system aging, which 
impairs our capacity to design interventions that 
might boost the immune system of older adults. 

In this project, we aim to investigate how aging 
affects dendritic cells, which are key immune cells 
that play a critical role in the initiation of all types of 
immune responses. This proposal will take advan-
tage of new technologies in the field of immunol-
ogy to resolve how aging affects the function of 
dendritic cells and their capacity to fight viral, bac-
terial, and parasitic infections. Specifically, we will 
use single cell approaches to compare the gene 
expression, phenotype, and epigenetic changes of 
human dendritic cells obtained from young versus 
elderly adults. We will investigate the expression of 
markers known to modulate the phagocytic capac-
ity of dendritic cells and their capacity to activate 
other cells of the immune system. In addition, we 
will analyze the expression of transcription factors 
that regulate the number and function of dendritic 
cells. We hypothesize that declining expression of 
these genes during the aging process severely com-
promises immune function; consequently, bolster-
ing the activity of these genes therapeutically could 
effectively boost immunity in the elderly and pro-
vide unique approaches to fight infections such as 
COVID-19 or influenza. 
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Exploring 
how cells 

communicate, 
interact, and 

enable complex 
physiological 

function
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SINGLE- NEURON GENE E XPRES SION 
CH A NGES TH AT CONTROL S Y N A PTIC 
PL A S TICIT Y

Daniel V. Madison, PhD
A S S O C I AT E PR O F E S S O R O F M O L ECUL A R A N D 
C EL LUL A R PH Y S I O LO G Y

As we learn new skills, facts, and faces, the connec-
tions between nerve cells are dynamically strength-
ened or weakened through a process known collec-
tively as synaptic plasticity. Disruptions in synaptic 
plasticity are associated with a variety of important 
neurological disorders.

Synaptic plasticity results from alterations in 
the chemical communication pathways between 
nerve cells, dictated by the expression of genes that 
enable those changes. Our laboratory studies these 
processes by focusing on the most fundamental ele-
ments of neural circuitry underlying plasticity: the 
connection and communication between a single 
pair of nerve cells. By focusing on the most “quan-
tal” elements of neural circuitry, we have revealed 
underlying mechanisms of synaptic plasticity that 
could not have been discovered in any other way.

Now, we aim to multiply the power of this 
approach by adding the ability to track gene expres-
sion with RNA-seq technology in the very same pair 
of nerve cells. Combining physiological and ana-
tomical data with gene expression information will 
provide insights into synaptic plasticity that are 
unattainable anywhere else in the world. In par-
ticular, we will study “PV + inhibitory interneurons” 
that connect to principal cortical pyramidal neurons, 
because this particular type of cell pair is especially 
influential in regulating larger neural circuity of the 
brain. These cells shape “normal” brain activity that 
underlies nearly every function of the brain and 
are implicated in neurological dissociative disor-
ders and schizophrenia. Therefore, illuminating the 
mechanisms of synaptic plasticity between these 
specific pairs of cells is of particular significance 
and will not only advance our scientific under-
standing of how the brain functions and learns, but 
also provide translational insights to treat schizo-
phrenia and other neurological disorders.
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Studying neurons 
and neural 

circuits to better 
understand 

development, 
perception, 

learning, 
cognition, 

behavior, and 
disease

N
E

U
R

O
B

IO
LO

G
Y



NEUR A L LINK AGE BE T WEEN RE WA RD, 
SPATI A L  MEMOR Y,  A ND GOA L- DRI V EN 
BEH AV IOR

Lisa Giocomo, PhD
A S S O C I AT E PR O F E S S O R O F N EUR O B I O LO G Y

How does the brain use past experience to guide 
future behavior? A core function of the brain is 
its ability to form memories that link spatial loca-
tions in the world with reward, such as food or 
home, and use this experience to guide future 
goal-directed navigation. While this function is crit-
ical to an organism’s survival, it can at the same 
time become pathological in mental illness and 
drug addiction. For example, one potent driver of 
relapse to drug use in addiction is re-exposure to 
the spatial environment in which a drug was pre-
viously experienced. However, the brain circuits 
and mechanisms underlying this behavior remain 
incompletely understood. 

Here, we propose to explore how the well-known 
reward-circuity, and its associated neuromodula-
tors, interface with the hippocampus, a region that 
encodes spatial locations. The hippocampus is ide-
ally poised to engage with the reward-circuitry to 
form memories that later drive behavior based on 
learned associations. We will apply cutting-edge 
technology that enables the visualization of both 
neuromodulators and neurons in the hippocam-
pus that code for spatial locations in live mice. To 
observe these neural connections in awake, actively 
behaving mice will provide a completely novel lens 
into the mechanisms of reward-driven changes to 
memory processes. Ultimately, this work may guide 
novel interventions for addiction and mental ill-
nesses where these circuits malfunction.
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A N UNE XPLORED PATHWAY OF 
CHRONIC V IR A L INFEC TION - INDUCED 
IMMUNE A LTER ATION

Peter Parham, PhD
PR O F E S S O R O F S T R U C T UR A L B I O LO G Y A ND O F 
MI C R O B I O LO G Y A N D IMMUN O LO G Y

Chronic viral infections can alter the host’s immune 
function, causing immunopathologies such as 
inflammatory and autoimmune conditions that 
result in a lifetime of health problems. HIV-1, hepati-
tis C virus, and herpesviruses all interact differently 
with human immune cells, yet in all cases cause 
the growth of a subset of natural killer cells called 
CD56neg cells, known for their potent anti-viral 
capabilities. Their presence in the context of multi-
ple chronic viral infections suggests a shared path-
way through which long-term infections promote 
an immune response causing this subset to expand.

We aim to expose and understand the pathway 
that produces CD56neg cells and investigate their 
role in immunopathologies associated with chronic 
viral infections. While this population of cells is cur-
rently understudied, we will develop new techniques 
to isolate and grow them in the laboratory in order 
to study the pathways and targets involved in their 
expansion. Specifically, we will explore the interac-
tions of CD56neg cells with other cells, in the context 
of different types of chronic viral infections, to iden-
tify the common signals that trigger their growth. 
In addition, we will investigate the immunological 
conditions associated with chronic viral infections.

Ultimately, with these studies we hope to reveal a 
common mechanism that may be targeted to mini-
mize the long-term health consequences of chronic 
viral infections and improve the lives of many with 
various viral diseases.
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Contact Us

Fred Tomlin, PhD 
Senior Associate Director of  
Biomedical Discovery 
ftomlin@stanford.edu | 650.505.8160

Kayley Abrams 
Associate Director of  
Biomedical Discovery 
kabrams@stanford.edu | 541.261.4524




