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Message From the Director
If you ask why researchers want to study the biology of aging,
you would likely get two answers. First, why and how we age is
a great biological puzzle. In general, scientists like puzzles. Not
the kind that come as 12 across or 37 down, although I suspect
some like those types as well. Rather many scientists are driven
to figure out ‘how’ and ‘why’ things work. When it comes to
puzzles, perhaps none rival the ‘how’ and ‘why’ of aging. While
we have a pretty good conceptual framework of why we get
cancer or how we develop heart disease, the basics of human
aging remain largely mysterious. Working on a puzzle as big as
aging is an incredibly satisfying endeavor for many. Biological
mechanisms are tough to crack, but when they reveal their
secrets, they generally expose a core of incredible complexity
wrapped in a shell of elegant simplicity. Such revelations, when
they happen, can make the years of hard work in the
lab worthwhile.
I suppose the second reason people work on the biology of
aging is the belief that understanding how and why we age
will lead to new therapies. Age represents the single greatest
risk factor for most diseases. Think about heart disease for a
moment. Incredible progress has been made in reducing the
incidence of heart attacks by targeting risk factors such as
high blood pressure and high cholesterol, but age is a much
more potent risk factor for a heart attack than blood pressure
and cholesterol combined. However, taking a pill targeting the
biology of aging is not yet possible. Investigators at the Aging
Institute are motivated to change that. I am pleased to report,
and as you can read more about in these pages, that a drug
recently developed by Aging Institute faculty has started
Phase I clinical trials. This agent, called GT300, targets a

process termed autophagy, a fundamental process that goes
awry as we age. Autophagy is the natural route our cells and
tissues use to remove waste and debris. By stimulating this
process, we hope that GT300 might be effective in a wide
array of diseases where waste and debris appear to accumulate
(e.g., conditions such as Alzheimer’s disease). This effort
represents a joint venture between the Aging Institute, a
private biotechnology startup company, Generian, and UPMC
Enterprises. Hopefully, this represents the first of many novel
agents emanating from the labs of the Aging Institute, utilizing
the principles of aging biology in order to treat the myriad of
currently intractable age-related diseases.
I hope you enjoy reading about this effort, as well as the many other
interesting and exciting things happening at the Aging Institute.

Toren Finkel, MD, PhD
Director, Aging Institute,
University of Pittsburgh/UPMC
Professor of Medicine,
Division of Cardiology
G. Nicholas Beckwith III and
Dorothy B. Beckwith Chair
in Translational Medicine

Faculty Spotlight: Stacey Sukoff Rizzo, PhD
Stacey J. Sukoff Rizzo, PhD, is an associate professor in the Aging Institute at the
University of Pittsburgh/UPMC with faculty appointments in the Department of Medicine
and the Department of Neurobiology. Dr. Rizzo also serves as director of the Preclinical
Phenotyping Core (PPC) facility at the University of Pittsburgh. The PPC supports
phenotypic characterization of animal models for the greater research community. Dr.
Rizzo is an internationally recognized expert in preclinical translational studies with
specific expertise in behavioral phenotyping of mouse models. Prior to her academic
career, she spent 18 years in the pharmaceutical industry leading drug discovery
programs for neuropsychiatric, neurodegenerative, and neurodevelopmental disorders.
Dr. Rizzo’s research program is focused on investigating the mechanisms underlying the
divergence of Alzheimer’s disease from healthy aging. Her lab is a critical component of
three NIA-funded multi-institutional consortiums for Alzheimer’s disease research which
are focused on accelerating the pace of bringing effective therapies to patients

What made you want to become a scientist?

What are your current research interests?

As an undergraduate, I originally intended to go to veterinary
school. After sitting in on a lecture on reproductive biology
by one of my professors, I became fascinated by his study
on how hormones affect reproductive behaviors. I started
working in his laboratory on a study aimed at developing birth
control methods in white-tailed deer in the wild because their
population was out of control. As I learned a lot about animal
behaviors and research, my focus shifted from veterinary school
to behavioral science. Then I also had the opportunity to take a
summer internship in a pharmaceutical company that very much
solidified my career trajectory in behavioral pharmacology.

I’m really interested in understanding the mechanisms by which
the pathogenesis of Alzheimer’s disease diverges from normal
healthy aging. There is still no cure for this illness. Historically,
the fields of aging biology and Alzheimer’s disease have been
somewhat disconnected from each other. The Aging Institute
provides the perfect environment to leverage knowledge from
my faculty colleagues studying the biology of aging with my
work on Alzheimer’s disease.

Rizzo Lab.
Back Row, left to right:
Aman Reddy, Marlena Karavolis, AS; Katy Haynes, PhD; Sean Williams, BS;
Takeshi Murai, PhD; Stacey Rizzo, PhD
Front Row, left to right:
Sneha Mittal, BS; Suzanne Doolen, PhD; Gabi Little, BS
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How did your career in the pharmaceutical industry influence
your current research interests?
I have had a unique career trajectory that is different than the
traditional academic path. After I completed my undergraduate
degree, I worked in the pharmaceutical industry for nearly
20 years, supporting and leading drug discovery programs
for a number of central nervous system disorders. During the
time I worked in industry, I completed my doctorate and then
transitioned to academia. I have designed my research program
very much like a drug discovery program in industry. The overall
goal of our lab is to identify pathways and processes involved in
Alzheimer’s disease and test potential therapeutic interventions.
We are “mechanism agnostic,” meaning we focus on specific
research questions to test our hypothesis, conduct rigorous
experiments to answer those questions, and develop go/no
go decision points in response to the data generated. If the
data does not support the hypothesis, then we are dynamic
in moving to the next line of questioning. With new tools
and technology nearly constantly emerging, it allows us to
move quickly.
What do you think are the differences in research strategies
between academia and the pharmaceutical industry?
In academia, you have the autonomy to develop your own ideas
and line of research. The rate limiting factor is funding and time
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Faculty Spotlight: Stacey Sukoff Rizzo, PhD
(continued)

constraints, such as a five-year grant cycle. You need to produce
sufficient data to continue to drive your hypothesis in order to
continue funding. The process is much slower than industry,
because one may not have all the resources at their disposal. On
the other hand, industry has an abundance of resources to move
quickly, however, industry is profit driven. They invest so much in
research, but it is based on an anticipated return on investment.
When there is significant failure, as has been the case with
Alzheimer’s disease, then industry tends to deprioritize and
reprioritize research programs to minimize risk. In this respect,
it is possible that your research program in industry could be
deprioritized due to a change in the company’s direction.

What would you like to accomplish in the future?
I would like to find new cures for patients. Our lab is working to
get answers to questions to enable clinical trials for Alzheimer’s
disease. We are focused on using improved model systems, such
as non-human primates, to help us do the work. Unfortunately,
despite many drugs being reported as effective in rodent
models, they have not translated in humans. So, to move things
forward, my immediate goal is to be able to study cognitive
processes in non-human primate models such as marmosets
that may better recapitulate cognition in humans.

When do you feel rewarded as a scientist?
I feel rewarded any time we complete an experiment, regardless
of the results. We never get answers right away. It takes time,
especially in the aging field, so I’m excited to have any answers
to what I’ve asked. As long as the experiment proceeded in the
right way with the proper controls, we can pivot and move on
to the next experiments. I also get rewarded when I train people
and they are successful. I really like seeing somebody improve
their experimental procedures, discover new findings, write
publications, etc.
What advice do you have for young scientists?
“Be passionate about what you are doing, otherwise it’s just a job.”
Science is not a 9 to 5 job — I think about science all the time.
I really want young scientists to be passionate about what they
are doing and why they are doing it.

PET/MRI and autoradiographic images from a MODEL-AD study
investigating a potential therapeutic in a mouse model

“Don’t get frustrated.”
Even if most of the answers to a question are negative, that’s OK
to me. Science is a puzzle that has to be solved. It is important
to gather as many tools as you can and learn to take advantage
of the tools so that you can solve the question using them.
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Trainee Spotlight: Diana Davidek, MD
Diana Davidek, MD, a medical school
graduate from Universidad Surcolombiana
in Colombia is a postdoctoral fellow at the
Aging Institute under the mentorship of
Aditi Gurkar, PhD. Dr. Davidek is currently
supported by the T32 training program in
the Division of Geriatrics, Department of
Medicine. In the Gurkar lab, Dr. Davidek is
studying how DNA damage promotes cellular senescence in
cardiac disease and aging. Cellular senescence is defined as a
mitotic arrest, where cells resist apoptosis (death) and release
deleterious molecules that are harmful to neighboring cells. In
popular culture these are often referred to as ‘zombie’ cells.
The role of senescence in a post-mitotic tissue such as the heart
has been largely ignored until recently. Dr. Davidek is working
with human induced pluripotent stem cells (iPSc) differentiated
into cardiomyocytes. This project is in collaboration with Dr. Tzahi
Cohen-Karni, an associate professor in the Department of Material
Science and Engineering at Carnegie Mellon University. With
Dr. Cohen-Karni’s expertise, Dr. Davidek hopes to re-create a 3D
cardiac unit and understand human cardiac aging.
Dr. Davidek has devoted her postdoctoral training to the field
of aging research. She held her first postdoctoral position in the
Department of Medicine, Division of Pulmonary, Allergy and

Critical Care Medicine (PACCM) at the University of Pittsburgh
where she worked on describing the senescent phenotype of
fibroblasts in Idiopathic Pulmonary Fibrosis (IPF), an irreversible
and progressive age-related disease that is characterized by
lung scarring and a decrease in lung function. She later moved
to the Aging Institute under the tutelage of Ana Mora, MD, to
study how fatty acid oxidation (FAO) declines with age and how
the decrease of FAO in alveolar epithelial cells type II (AECII)
contributes to DNA damage and susceptibility to lung fibrosis.
Dr. Davidek is a physician at heart and has always loved primary
care. Her dream is to combine her passion for research and
medicine to improve quality of care. She is applying to medical
residency soon and hopes to continue advancing her career while
she raises her family. Outside of the lab, Dr. Davidek loves to
spend time with her
Control cardiomyocytes
Mutant cardiomyocytes
husband, their two
children, and their
mischievous golden
retriever. They love to
go biking, hiking,
and camping or to
simply enjoy a meal at
home while playing
board games.
DAPI = nuclei phalloidin = actin vimentin = intermediate
filament

Faculty Update: Welcome Caterina Rosano, MD, MPH
The Aging Institute welcomed Caterina
Rosano, MD, MPH, as associate director for
clinical translation. Dr. Rosano is a tenured
professor of epidemiology and vice chair of
research in the Department of Epidemiology,
Graduate School of Public Health. She is
also the director of the Training Program
in Population Neuroscience of Alzheimer’s
Disease and Related Dementia (ADRD). Dr. Rosano earned her
medical degree from the University of Palermo, Italy, and her
master’s degree in public health from the University of Pittsburgh.
Dr. Rosano’s research aims to discover the drivers of resilience to
aging and disease. Although older age is typically associated with
a seemingly inevitable performance decline, some older adults
appear resistant and resilient to the effects of aging. Dr. Rosano’s
work suggests there are distinct neurobiological characteristics
that can explain why some older adults function and move better
than others, even in the presence of similar medical history. Her
work also suggests that enhancing these neurobiological targets
can ultimately promote resilience. Dr. Rosano’s work traces a
link between long-term exposure to cardiometabolic/lifestyle
factors, integrity of selected brain networks and characteristics,
and maintenance of function in older age. She first identified
the neurological underpinnings of exceptional cognitive and
physical function (areas highly vulnerable to hypoperfusion)
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and then discovered the risk factors most strongly related to
these neurological correlates (genetic, vascular, inflammatory,
and lifestyle). Dr. Rosano is now testing a novel neuromolecular
paradigm of mobility resilience via dopaminergic and
mitochondrial pathways.
Her recent work identifies dopaminergic signaling and
neuroenergetics as promising strategies to promote brain
resilience and possibly cognitive and physical functional
independence. Dr. Rosano’s approach leverages cuttingedge methodologies of central nervous system assessment
to “virtually” dissect the brain in vivo using very powerful
and novel neuroimaging approaches applied in the context
of carefully designed epidemiological studies and state-ofthe-art mobility assessments. She has recently translated
her research work into a novel training paradigm by designing
a new T32 training grant in Population Neuroscience of ADRD.
The combination of neuroscience and population science in her
work is critical to capture the complex relationships between
the heterogeneity of individuals and the manifestations of aging
processes. By working with the Aging Institute, she hopes to
advance population to basic science translation endeavors, and
expand the program in Population Neuroscience to uncover
the shared mechanisms underlying resilience to vascular aging
and disease.
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Aging Institute: News and Updates
The Aging Institute Welcomes Pankaj Kapahi, PhD

Dr. Kapahi is a pioneer in studying the connections between
nutrient responses, aging, and metabolism. His numerous
contributions include:

• The identification of the role of target of rapamycin (TOR) and
mRNA translation in mediating lifespan extension by dietary
restriction. TOR has emerged as one of the most promising
targets for lifespan extension and age-related diseases.
Inhibition of the TOR pathway has been shown to extend
lifespan across different species, including mice.

• The demonstration of five-fold extension in lifespan by

combining long-lived insulin-like receptor daf-2 with S6
kinase mutants, opening the possibility of synergistic lifespan
extension by combining treatments that inhibit insulin-like
signaling and TOR pathways.

• The demonstration of the importance of the peripheral
circadian clock and fat metabolism in the regulation of
aging by dietary restriction.

Pankaj Kapahi, PhD, professor at the
Buck Institute for Research on Aging,
Novato, California, gave a virtual seminar
on September 9, 2021, on the interplay
between nutrient sensing and aging.
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His remarkable accomplishments over decades of research
have led him to receive many prestigious awards. These include
the Glenn/AFAR award, the Gerontological Society of America
Nathan Shock New Investigator Award, the EUREKA Prize
from the National Institute on Aging, the Breakthroughs in
Gerontology (BIG) Award from the Glenn/AFAR Foundation,
the Ellison New Scholar Award and others.
Dr. Kapahi started his seminar with a clear introduction of
different sensors for dietary restriction. In the first part of his
talk, Dr. Kapahi discussed potential mechanisms of how different
fly strains vary widely in their response to dietary restriction,
potentially suggesting why different individuals vary in their
response to health and lifespan-extending interventions. In the
second half, Dr. Kapahi presented his work on the connections
between consumption of glucose, accumulation of advanced
glycation end products (AGEs), and potential mechanisms
mediating the negative impact of AGEs-related damage.
Based on this work, Dr. Kapahi introduced a combined appetite
suppressant and antiaging supplement called GLYLO that
works by lowering AGEs. GLYLO demonstrates very promising
preclinical data in mice and is being tested in humans for
various indications.
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University of Pittsburgh and UPMC

AGING INSTITUTE RESEARCH SEMINAR SERIES
Visiting Speakers, Fall 2021

Virtual Presentations | 2nd Thursday of the Month | Noon to 1:00 p.m.

The link between advanced glycation
endproducts and carbohydrate craving and
their role in obesity, diabetes and aging
Pankaj Kapahi, PhD

Sept 9

Professor, Buck Institute for Research on Aging

Blood-brain barrier link to neurodegeneration,
cognitive impairment and Alzheimer’s disease

Berislav V. Zlokovic MD PhD
Director, Zilkha Neurogenetic Institute

Professor and Chair, Department of Physiology & Neuroscience

Oct 14

Keck School of Medicine, University of Southern California
Professor of Biological Sciences, Dornsife College of

etters, Arts and Sciences

Epigenetic pathways in human disease and aging
Shelley L. Berger, PhD
Daniel S ch University Professor
Department of Cell & Developmental Biology and
Genetics, Perlman School of Medicine and Biology

Nov 11

Department in the School of Arts and Sciences
Director, Epigenetics Institute, Penn School of Medicine

The Aging Clock

Morgan Levine, PhD

Assistant Professor of Pathology and Epidemiology (Chronic Diseases)
Yale Combined Program in Computational Biology and Bioinformatics
Yale Center for Research on Aging

Dec 9

Yale University

aging.pitt.edu
Scan QR Code to register or visit

https://pitt.zoom.us/webinar/register/WN_D6D7WhmhTUmqe5uDJpSjJw
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Highlighted Manuscripts at the Aging Institute
Shiori Sekine, PhD – Published Manuscript in Molecular Biology of the Cell

Through an FDA-approved compound
screen targeting an IMM-resident protease,
Dr. Sekine and her team found two
small compounds, chlorhexidine and
alexidine, which are able to damage the
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Recently, various mitochondrial stress
response mechanisms have been clarified,
such as mitophagy, an autophagic
degradation of dysfunctional mitochondria,
as well as the mitochondrial unfolded protein
response. Importantly, the existence of small
molecules that can mimic a distinct type
of mitochondrial damage has significantly
contributed to the discovery of these crucial
mitochondrial stress-signaling pathways.
The omics analyses that Dr. Sekine and her
team employed revealed that alexidine
evokes specific transcriptional/proteostasis
signatures that are not observed with other
typical mitochondrial stressors. These
observations highlight the unique property
of alexidine as a novel mitochondrial
membrane stressor.
The deformed cristae structure is often
observed in aged tissues or in several
pathological conditions, which leads to
severe bioenergetic collapse. The novel
mitochondrial membrane stressors
discovered by Dr. Sekine will allow for
further investigation of “mitochondrial
membrane stress response” and,
thereby, provide strategies to maintain
mitochondrial membrane homeostasis
during these pathophysiological conditions.

Houston R, Sekine Y, Larsen MB, Murakami K, Mullet SJ, Wendell SG, Narendra DP, Chen BB, Sekine S*.
Discovery of bactericides as an acute mitochondrial membrane damage inducer. Mol Biol Cell. 2021 Sep 8. in press. PMID: 34495738.
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Mitochondria are double-membrane
organelles that harbor an outer
mitochondrial membrane (OMM) and an
inner mitochondrial membrane (IMM).
“Cristae,” a concave membrane structure
of the IMM that invaginates into the
inside of mitochondrion, acts as the site
of oxidative phosphorylation (OXPHOS)
required for energy production. The
activities of OXPHOS proteins rely
on the defined lipid composition and
structures of the cristae. Therefore, the
integrity of the cristae membranes must
be carefully monitored and maintained.
However, it is still not known how
mitochondrial membrane homeostasis is
preserved under conditions that disturb
mitochondrial membrane integrity.
One reason for this lack of insight is the
absence of efficient tools that can mimic
mitochondrial membrane damage.

mitochondrial cristae membrane. Clinically,
chlorhexidine and alexidine are used
as bactericides, often in handwashing
and oral care products. The proposed
mechanism of action of chlorhexidine
and alexidine as bactericides centers
on their bacterial membrane damageinducing ability through their interaction
with phospholipids. The identification
of bactericides as positive hits of
mitochondria-targeting compound screen
was intriguing because mitochondria
are thought to be evolved from
α-proteobacteria that invaded and were
incorporated into our ancestor cells.
The IMM shares similarity with the lipid
composition of bacterial membranes
including high levels of cardiolipin, which
is one of the evidences that support
the endosymbiotic theory. Therefore,
Dr. Sekine and her team hypothesized
that chlorhexidine and alexidine have
a binding affinity, not only to bacterial
membranes but also for mitochondrial
membranes. Indeed, their biochemical
and microscopic analyses support this
hypothesis. Electron microscopic analysis
revealed that alexidine severely perturbed
the cristae structure in mitochondria.

I

Shiori Sekine,
PhD, assistant
professor at the
Aging Institute, has
worked to understand
the molecular
mechanisms by
which mitochondria
maintain their healthy network and
functionality against various insults.
Dr. Sekine and her team have recently
identified small compounds that can
induce acute and selective perturbation
in the mitochondrial cristae membrane.
These compounds have the potential to
be developed as a chemical-biological tool
to delineate novel mitochondrial stresssignaling pathways required to maintain
mitochondrial membrane homeostasis.
The study was recently published in
Molecular Biology of the Cell. Collaborators
include Beibei (Bill) Chen, PhD, and
Yusuke Sekine, PhD, in the Aging Institute.

Rotenone
OXPHOS inhibitors

mt translation blocker

Alexidine

Membrane Stress

mitochondrial membrane stressor

Bactericide “Alexidine” is a novel mitochondrial membrane stressor.
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Andrey A. Parkhitko, PhD – Published Manuscript in
Proceedings of the National Academy of Sciences
Andrey Parkhitko,
PhD, is an assistant
professor at the
Aging Institute and
the Division of
Endocrinology and
Metabolism at
the University of
Pittsburgh School of Medicine. He
was the lead author of a recent study
published in Proceedings of the National
Academy of Sciences (PNAS) earlier
this year (Parkhitko et al., PNAS 2021)
that was started at the Department of
Genetics at Harvard Medical School and
completed at the Aging Institute at the
University of Pittsburgh. Dr. Parkhitko
developed a novel genetic model for
methionine restriction in Drosophila to
target age-dependent changes of the
methionine metabolism pathway.
Aging affects various metabolic pathways
and is the primary risk factor for many
major human pathologies, including
cancer, diabetes, cardiovascular disorders,
and neurodegenerative diseases.
Dr. Parkhitko used Drosophila as the
model system to study how different
metabolic pathways are affected by
aging and whether these pathways
can be targeted to extend Drosophila
health- and lifespan. It has previously
been demonstrated that metabolism in
general, and steady-state levels of
several metabolites in the methionine
metabolism pathway in particular, are
perturbed during aging in Drosophila.
However, alterations in levels of specific
metabolites may be misleading. For
example, deficiencies of enzymes
involved in methionine metabolism
(MAT, CBS, GNMT, AHCY) lead to
methionine and homocysteine
elevation (hypermethioninemias and
hyperhomocysteinemias), but elevated
levels of methionine and homocysteine do
not reflect an activation of the methionine
metabolism pathways. Instead, they
reflect a disruption of the flux in the
methionine metabolism pathway.
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To understand how the activity of
methionine metabolism is altered
with age or neurodegeneration, Dr.
Parkhitko developed a novel method
of supplementing flies with a nonradioactively labeled 13C5-methionine
tracer and used mass spectrometry
analysis to determine the relative
activities of different branches of
methionine metabolism. Using this
method, significant changes in the
activity of different branches of the
methionine metabolism as flies aged
were demonstrated. Because impairment
of the methionine metabolism has
been previously associated with the
development of Alzheimer’s disease (AD),
Dr. Parkhitko also studied a Drosophila
model relevant to AD and found that the
changes in methionine metabolism in
AD flies were similar to the changes
found in aged flies.
The Parkhitko lab further tested whether
targeted degradation of methionine
metabolism components would “reset”
methionine metabolism flux and extend
fly lifespan. L-methionine α-deamino-γ-

mercaptomethane-lyase (methioninase)
is a bacterial enzyme that is capable
of degrading methionine to ammonia,
a-ketobutyrate, and methanthiol.
Transgenic flies with inducible expression
of Methioninas were created, and it was
demonstrated that either whole-body or
tissue-specific methioninase expression can
dramatically extend Drosophila health- and
lifespan and serve as a genetic model of
methionine restriction. Because methionine
dependency occurs in various types of
cancer cells, recombinant methioninase
(rMetase) has been previously tested for
cancer therapy. In fact, methioninase has
already entered clinical trials in humans.
In the future, Dr. Parkhitko is interested in
testing whether recombinant
methioninase can extend lifespan in
rodents and humans like it does in flies.
References: Parkhitko AA, Wang L, Filine
E, Jouandin P, Leshchiner D, Binari R,
Asara JM, Rabinowitz JD, Perrimon N. A
genetic model of methionine restriction
extends Drosophila health- and lifespan. Proc Natl
Acad Sci USA. 2021 Oct 5;118(40):e2110387118.
doi: 10.1073/pnas.2110387118. PMID: 34588310.

Methioninase serves as a genetic model of methionine restriction. (A) Methioninase converts
methionine into ammonia, methanthiol, and α-ketobutyrate. (B) Survival or (C) Climbing of female
flies under the control condition or under low expression levels of methioninase.
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Highlighted Grants at the Aging Institute
Toren Finkel, MD, PhD, was awarded a 2021 Harrington ScholarInnovator Grant

Dr. Finkel was one of eight U.S. physicianscientists awarded the prestigious
Harrington Scholar-Innovator Grant. The
Harrington Discovery Institute, part of
The Harrington Project for Discovery &
Development, was established in 2012
to accelerate the development of new
treatments to address major unmet needs
in medicine and society. Harrington Scholar-Innovators are
accomplished physician-scientists whose research demonstrates
innovation, creativity and potential for clinical impact. In
addition to grant funding, Harrington provides guidance
and oversight in all aspects of drug development through its
Therapeutics Development Center. Scholars also have access to
several rounds of capital (up to a total of $700,000) through
their affiliation with the Harrington Discovery Institute, as well
as facilitated access to potential commercial partners through
the Advent-Harrington Impact Fund and BioMotiv, and to
charitable partners through the Morgan Stanley GIFT Cures.
Dr. Finkel’s project involves the development of novel senolytic
drugs. Senolytics are agents that can selectively kill senescent
cells without affecting normal healthy cells. When cells
are damaged or stressed, they can enter a state known as
senescence, whereby these cells undergo irreversible growth
arrest. While these senescent cells no longer divide, they can

still secrete a number of potentially harmful factors. Numerous
triggers for senescence induction have been defined, including
shortening of telomeres to a critical length, DNA damage,
oncogene expression, or exposure to reactive oxygen species
(free radicals). The age-dependent accumulation of senescent
cells is thought to contribute to a wide range of age-related
diseases. The development of a small molecule that could
potently and selectively eliminate senescent cells (e.g.,
senolytics) could, therefore, have wide therapeutic applicability
in age-related diseases ranging from osteoarthritis to
Alzheimer’s disease. To date, the senolytics that have
been pursued are largely drugs that have been repurposed
from other indications, often from the field of oncology.
Unfortunately, these current senolytics have significant and
dose-limiting side effects. Dr. Finkel’s project hypothesizes
that a nonbiased screening approach could potentially
uncover more potent and selective senolytics. Working with
his colleagues Bill Chen, PhD, and Yuan Liu, PhD, this Aging
Institute team has developed methods to identify small
molecules (drugs) that can potently and specifically kill
senescent cells while not affecting the viability of normal
non-senescent cells. Now, with the help of the Harrington
Discovery Institute, these agents can be improved and
ultimately tested for their potential clinical efficacy against
a wide range of age-related conditions.

The senolytic screen used by the Aging
Institute. Here senescent cells appear as red,
while normal, nonsenescent cells appear
green. Shown is a screen of 13,000 novel
compounds. The red box represents those
compounds with senolytic potential.
Inset: The normal ration of red/green is
shown in the control image. The agent
navitoclax is a known senolytic and
decreases the red/green ratio by killing the
red cells. A similar activity is seen in the novel
compound K915-0968 discovered by the
Aging Institute team.
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Gang Li, PhD, and Toren Finkel, MD, PhD, receive a new R01 grant to investigate
a region of the human genome associated with aging and age-related diseases
Principal Investigators, Gang Li, PhD, and Toren Finkel, MD, PhD,
received a new five year R01 grant from the National Institute
on Aging (NIA) to investigate a region of the human genome
at the CDKN2A/B locus that is associated with aging and
age-related diseases.
Genome-wide association studies (GWAS) have provided
significant insights into complex diseases by identifying
numerous disease-associated noncoding single nucleotide
polymorphisms (SNPs), the most common type of genetic
variation among people. Often these SNPs do not alter protein
coding sequences but rather modulate disease-associated risk
gene expression. However, GWAS cannot distinguish functional
SNPs (fSNPs) from all the disease-associated SNPs that are
in linkage disequilibrium (LD). To address this challenge, a
sequential methodology was developed in Dr. Li’s lab that
comprises three novel techniques:

• Reel-seq (Regulatory element-sequencing)
• SDCP-MS (SNP-specific DNA competition
pulldown/mass spectrometry)

• AIDP-Wb (Allele-imbalanced DNA pulldown/Western blot)
(Zhao et al., 2020, Nature Communications)

By using these techniques, Dr. Li’s group was able to rapidly
identify and characterize fSNPs in a high throughput (HTP) fashion.
In this R01 grant application, Drs. Li and Finkel propose to apply
these newly developed techniques to a 58 kb core region at
the CDKN2A/B locus, as shown in Fig. 1. This region, located at
chromosome 9p21.3, was originally discovered to be associated
with coronary artery disease (CAD) by multiple independent
GWAS studies. Later on, this region was demonstrated as
one of the most complicated disease-associated loci, with
evidence linking this region to more than 10 different agerelated diseases including cardiovascular disease, type 2
diabetes, and cancer. Additionally, the same region was recently
linked to human longevity. The CDKN2A/B locus, spanning
a 200 kb genome region, harbors four genes, namely the
CDKN2A/B-encoded genes p16INK4a, p14ARF, and p15INK4b,
and AS/ANRIL (antisense non-coding RNA in the inhibitor
of CDK4 (INK4) locus) (Fig. 1). Of note, among these genes,
p16INK4a is one of the markers for cellular senescence.
Accumulation of senescent cells is the most important driver
for aging and age-related diseases. As a single locus associated
with multiple different age-related diseases, as well as aging, it
is believed that this region may contribute to the progression
of age-related diseases by modulating some aspect(s) of
aging biology as a common unifying mechanism. Therefore,
by applying these new techniques to comprehensively dissect
the CDKN2A/B locus, Drs. Li and Finkel hope to uncover the
mechanism regulating aging and age-related diseases.
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Dr. Yihan Zhao (left) is the first author for the publication in Nature Communications. She
was a joint PhD student from East China Normal University. Ting Wu (center) is the first
author for the publication in Nucleic Acids Research. She is an exchange medical student
from Xiangya School of Medicine, Central South University. Dr. Danli Jiang (right), a
postdoctoral associate, is the first author for the manuscript submitted to Nature Aging.

Supporting this grant application, Dr. Li has submitted a
manuscript to Nature Aging (Jiang et al., 2021), in which they
demonstrate that the homeodomain transcription factor CUX1
specifically binds to an fSNP associated with atherosclerosis
within the CDKN2A/B locus. Although binding at a considerable
distance (> 100 kb), CUX1 regulates the CDKN2A/B-encoded
genes p14ARF, p15INK4b, and p16INK4a, as well as ANRIL in
endothelial cells (ECs). In-depth analysis also demonstrated
that endothelial CUX1 expression correlates with telomeric
length and is induced by both DNA-damaging agents and
oxidative stress. Moreover, induction of CUX1 expression triggers
both replicative and stress-induced premature senescence
via activating the p16INK4a expression. This manuscript
demonstrates the feasibility of using this novel HTP strategy
to understand how aging contributes to a wide range of agerelated diseases.
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Drug Developed at Aging Institute Initiates Phase I Human Trial
One of the major ways in which our cells and tissues remain
youthful is to have powerful recycling systems that remove
damaged intracellular debris. The most important of these
recycling systems is known as autophagy, and the discovery
of autophagy resulted in the 2016 Nobel Prize. Autophagy is
essential for maintaining intracellular quality of proteins and
organelles (i.e., cellular elements such as mitochondria). As
we get older, for reasons that are not entirely clear, our ability
to maintain the rate of autophagy, known as autophagic flux,
becomes impaired. Many scientists believe that conditions
such as Alzheimer’s disease, where there is an accumulation
of toxic and damaged proteins such as amyloid and tau, are
largely a byproduct of the age-dependent impairment in
autophagic flux. In other words, the reason these conditions
dramatically increase with age is not that elderly people are
necessarily making more amyloid, but rather, as we get older,
the ability to remove the damaged proteins via autophagy
declines. A large amount of human genetic data, as well as
animal data, supports the idea that the age-dependent
impairment in autophagy is responsible for triggering
many age-related diseases.
All of this suggests that boosting autophagy might be a useful
strategy to prevent or even reverse a wide array of age-related
conditions. Based on this notion, scientists at the Aging Institute
sought to find a pill that could do just that. Working together,
Yuan Liu, PhD, Toren Finkel, MD, PhD, and Bill Chen, PhD,
quickly focused in on a protein called TFEB. TFEB belongs to a
class of proteins called transcription factors. These transcription
factors are proteins that bind to DNA and thereby increase the
expression of other genes. In the case of TFEB, the genes that it
increases are all related to autophagy. In scientific circles, TFEB
is often viewed as the master regulator of autophagy. However,
finding a small molecule (e.g., drug) that turns on TFEB has
been a major challenge that no one has succeeded in solving.
The group at the Aging Institute however, was undeterred.
Working in their laboratories, they discovered a previously
unknown pathway that regulates the stability of TFEB (i.e., the
half-life of the protein in cells). Using this information, they were
able to find a drug that could significantly increase the level of
TFEB in cells. Experiments in the laboratory also showed that
this drug potently stimulated autophagy.
Bringing a drug to the clinic requires significant capital
investment, and it is not something that can be easily done in a
pure academic setting. Fortunately, the UPMC Enterprises team
has supported the work at the Aging Institute all along. This
group has significant experience in initiating and developing
biotechnology startups. With that in mind, two years ago, with
the help of UPMC Enterprises, the Pittsburgh-based startup
Generian was formed. The three Aging Institute members, Liu,
Finkel, and Chen, served as the academic founders of this new
company. Over the last two years, Generian’s team has been
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The transcription factor TFEB is the master regulator of the autophagylysosomal pathway. This pathway is the natural process by which
protein aggregates that cause Alzheimer’s and Parkinson’s disease
are normally removed. The drug developed at the Aging Institute
stimulates TFEB activity as a way to remove these harmful aggregates.

focused on advancing the TFEB compound developed at the
Aging Institute. This involved licensing the intellectual property
from the University of Pittsburgh and doing all the advanced
safety testing and chemical manufacturing required before
human studies can begin. These efforts resulted in the
development of a highly potent TFEB activator that is now
called GT300. In animal models, GT300 seems to be highly
effective in mitigating symptoms of diseases such as Parkinson’s
disease. Like Alzheimer’s disease, Parkinson’s disease is another
neurodegenerative condition caused by the accumulation of
toxic proteins, and again, there is strong evidence that impaired
autophagy is a major risk factor for this condition.
All this set the stage for September 2021 when GT300 entered
Phase I human testing. In this phase of clinical development,
GT300 will only be given to normal healthy volunteers. However,
it should be possible even in these young healthy subjects to get
a sense of whether GT300 is stimulating autophagy. If all goes
well, GT300 will finish Phase I evaluation by spring of 2022.
Plans are already underway for Phase II testing in the fall of
2022, likely involving patients with a neurodegenerative disease.
While still early, the development of GT300 represents one of
the first tangible embodiments of the Aging Institute’s central
mission. Namely, the Aging Institute seeks to leverage insights
from the biology of aging in order to develop new therapies for
patients with age-related diseases. Work is already underway in
the labs of the Aging Institute on other new drugs that target
other critical pathways linked to aging. We will chronicle their
development in future issues
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Additional New Grants at the Aging Institute
Principal Investigator

Grant Title

Grant Type

Funding Agency

Toren Finkel, MD, PhD
Melanie Koenigshoff, MD
Ana Mora, MD,
Irfan Rahman, PhD

TriState SenNET (Lung and Heart) Tissue Map and
Atlas Consortium

U54

National Institutes of Health

Aditi Gurkar, PhD

Decode the DNA Damage-driven Secretome in the
Cardiac Unit

—

Samuel and Emma Winters
Foundation

Andrey Parkhitko, PhD

Cross-species approach to identify novel synthetic
lethal interactions in RB1 deficient cells

—

Competitive Medical
Research Fund

Stacey Rizzo, PhD

Development, Validation and Characterization of TauSeeding in a Marmoset Model of Alzheimer's Disease

R24

National Institutes of Health

Xiaojun Tan, PhD

Deciphering the molecular basis of rapid
lysosome repair

—

Competitive Medical
Research Fund

Yong Wan, PhD

Exploring Novel Targets through Secretome Analysis
for the Treatment of Osteoporosis

—

Samuel and Emma Winters
Foundation
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