
Message From the Director 

This upcoming academic year will mark the five-year 
anniversary of the Aging Institute. Such milestones are natural 
inflection points that allow one to take stock of how far we 
have come and where we are heading. Over the last five 
years, the Aging Institute has expanded its footprint at our 
main laboratory site at Bridgeside Point. At present, we have 
13 independent labs working in nearly 30,000 square feet of 
research space. These labs are all working on different aspects 
of why and how we age. While they all use different strategies 
and approaches, together, we are all trying to understand 
what drives the aging process and how we can leverage that 
information to develop new therapies. We’re fortunate that 
the Institute has also evolved the ability to take the ideas that 
come out of our laboratories and to transform these revelations 
into new therapies. Using our state-of-the art drug discovery 
suite, the Aging Institute has developed a number of new 
potential therapies that are either in early clinical testing or 
are making their way to the clinic. Under the direction of our 
clinical director, Dr. Anne Newman, we also hope to initiate our 
own clinical trials in the coming months. Our hope is that if we 
understand why we age, we can begin to develop and test novel 
therapies that will improve the quality of life for our elderly 
patients and prevent a host of age-related diseases. 

The traditional five-year anniversary gift is usually made from wood. 
This is meant to symbolize strong roots and enduring strength. I 
would like to think that over the last five years we have developed 
an Institute with a strong and solid foundation. Our roots extend into 
basic science, translational efforts, and clinical trials. I would also like 
to think that in the next five years, these strong roots will allow us to 
build and grow to reach even greater heights.

THE CHRONOS 
CHRONICLE: 

Summer 2022

The Newsletter of the Aging Institute

THE CHRONOS 
CHRONICLE: 

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

Image of Caenorhabditis elegans (C. elegans), a nematode about one 
millimeter in size, used by the Gurkar Lab to study the biology of aging, 
DNA damage, and lipid metabolism.  Their study, “Integrated -omics 
approach reveals persistent DNA damage rewires lipid metabolism and 
histone hyperacetylation,” was recently published in Science Advances and 
is highlighted on page 8 of this edition.
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Faculty Spotlight: Beibei (Bill) Chen, PhD
By Travis B. Lear, PhD

Bill Chen, PhD, is a professor in the Aging Institute at the University of Pittsburgh/UPMC 
and the Division of Pulmonary, Allergy, and Critical Care Medicine (PACCM). Dr. Chen is 
also the Director of the Small Molecule Therapeutic Center and the Co-Director of the 
Acute Lung Injury Center of Excellence within PACCM in the University of Pittsburgh 
Department of Medicine. 

His primary research interest is the study of the molecular mechanisms that control 
inflammation and cell proliferation via protein ubiquitination. Prior to his career at the 
Aging Institute, Dr. Chen completed his graduate degree in biochemistry and post-
doctoral training period at the University of Iowa. The Chen Lab focuses on identifying 
and studying E3 ligases that modulate the inflammatory cascade, mitochondria 
function/mitophagy, and DAMPs/inflammasome/necroptosis in order to develop novel 
therapeutics for various age-related diseases.

What led to your decision to become a scientist? 

I wanted to be a scientist from a very early age. I always had 
passion for chemistry when I was a kid. Of course, back then, 
I didn’t know what it was like to be a scientist—or a chemist 
to be more specific—but I always had fun conducting various 
“experiments” on the balcony of my parents’ apartment. So 
naturally, I got a chemistry degree at college. Post-graduation, 
my research topics in graduate school and early career were 
all over the place; my PhD degree was on lipid biochemistry, 
but I studied many other things, such as cell cycle, mitosis, and 
innate immunity. After all these “detours,” I finally went back to 
doing what I love most – chemistry. Nevertheless, I still greatly 
benefited from all the research experience which solidified my 
career trajectory in drug discovery.

What are your current research interests? 

The major focus of my current research is developing novel 
drugs for various aging diseases. However, over the last 10  
years, my group and I have come to realize how difficult it is 
to identify a chemical binder to a novel protein target. This 
process is what we called identifying a “hit” molecule. In my 
mind, this is the hardest step within the drug discovery process. 
There are two major methods we can use to identify the “hit”. 
A target-based approach requires reliable structural information 
of the protein target. If we can identify the potential drug 
binding cavities, we usually perform “virtual screening” using 
a computer program to “fit” potential molecules to the protein 
target. The top score-ranking molecules will be selected and 
evaluated as potential hits. 

However, we face scenarios in which there is little to no 
structural data on the protein target. A ligand-based approach 
uses high-throughput screening assays to identify the potential 
working chemical from a compound library. We have several 

compound libraries (e.g. FDA-approved compound library; 
100,000 diversity compound library; etc.) that we routinely 
use. However, many of these high-throughput screening assays 
are “phenotypical,” meaning that we can identify compounds 
that work in the overall pathway (e.g. boosting autophagy, 
suppress cell cycle, etc.), but we still would need to identify the 
hit compound’s mechanism of action, and it is not an easy task. 
What we have learned is that it is best to develop a generalized 
high-throughput assay to directly screen chemicals that bind 
to our target protein of interest. This method avoids the need 
for detailed structural information of the target protein and of 
lengthy study in figuring out the mechanism. So, for the last 
two years, we have been developing and optimizing a drug 
discovery platform that can be used to identify novel drugs for 
any protein targets.

What challenges/advantages do you face doing drug 
discovery in academia?  

Drug discovery is an extremely expensive and lengthy  
process. On average, it takes 15-20 years and over a billion 
dollars to develop and get a drug approved through the FDA.  
In academia, we don’t have the resources that pharmaceutical 
companies have. For example, the quality of the high-throughput 
screen largely depends on the quality and quantity of the 
chemical compound library. A large library that has more 
compounds and specifically more diverse compounds will 
give the screener a much better chance to identify a working 
chemical for the protein targets. Just to compare, we have 
100,000 compounds in our lab’s libraries, but pharma giants, 
such as Merck and Pfizer, typically have over one million 
compounds at their disposal. 

continued >
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However, our advantage in academia is that we are much 
more flexible/nimble in the early phase of drug discovery. As I 
mentioned earlier, drug discovery is a lengthy process consisting 
of many steps – target selection, target validation, HTS assay 
development, “hit” identification and validation, hit-to-lead, 
lead optimization, preclinical testing, and clinical trials. The 
collaborative environment in academia provides us with an 
edge over pharma in target selection and target validation. 
Our relatively small compound library actually can be to our 
advantage, as well, meaning that we can screen much more 
targets at a faster pace. For example, in 2021, we managed to 
perform screens for 20 protein targets and identified many useful 
“hit” molecules. In general, we try to navigate the deep waters in 
the drug discovery world by taking any possible advantages.

What’s your most special or rewarding research experience?  

That has to be our anti-COVID-19 drug discovery efforts. I have 
to say that this is the experience I will never forget. Growing up in 
Wuhan, China, I was especially impacted by COVID-19. I remember 
seeing some of my friends going through the initial panic and 
quarantine efforts. Our lab had some preliminary discussions in 
mid-February 2020 on how we should approach this research since 
we had never worked with anti-viral therapeutics or coronavirus 
research before. By early March 2020, we were developing all kinds 
of primary and secondary screening assays and had stocked up the 
reagents and lab supplies. So, when COVID-19 hit the U.S. in mid-
March 2020, our lab was already well prepared and able to stay 
open while the university shut down. 

The first week of COVID-19 shutdown was quite surreal. I could drive 
miles on the highway without even seeing a single car, but, once I 
got in the lab, I saw a team of eight research fellows, technicians, 
and scientists work in “maniac mode” trying the find a treatment 
option for COVID-19. We designed a primary screen to identify 
potential FDA-approved medicines that can reduce TMPRSS2 
protein level on the cellular surface. Several viruses, including 
SARS-CoV-2, use the protease activity of the TMPRSS2 protein in 
the process of entering cells so reduction of TMPRSS2 protein would 
help prevent viral entry and infection. The benefit of using an FDA-
approved library for screening lies in the large amount of evidence 
of the compound’s safety that comes with FDA-approval. The idea is 
that FDA-approved hits can be “re-purposed” for a new use without 
safety concerns due to the previous testing. We quickly identified 
two FDA-approved drugs, Homoharringtonine and Halofuginone, 
that can reduce surface TMPRSS2 protein. We then designed a 
novel assay to measure viral entry to the cell and confirmed our 
hit’s activity in blocking SARS-CoV-2 entry.  
 

By mid-April 2020, we had already concluded the study and 
uploaded the manuscript to bioRxiv. We were all working long hours 
and exhausted in those 45 days, but we all felt extreme pride and 
were rewarded when we made those discoveries. That is also the first 
time in my career that I felt that, if done right, our research could 
be truly beneficial to human health. I am happy to say that other 
researchers also identified Halofuginone as a potent anti-COVID-19 
medicine through different approaches in late 2020, making it a 
near-term clinical trial candidate for the treatment of COVID-19.

What are your future goals?

We have continued to pursue COVID-19 research after the 
initial discovery on Halofuginone. We have been looking at 
a mechanistic level how coronaviruses can evade our body’s 
natural defenses, replicate, and then widely spread. We have 
found that the endo-lysosomal pathway plays an important 
role in pathogen clearance and both bacteria and viruses 
have evolved complex mechanisms to evade this host system. 
Through a series of screens, we have determined a novel aspect 
of coronaviral infection, whereby the master transcriptional 
regulator of lysosome biogenesis – TFEB – is targeted for 
degradation upon coronaviral infection. Since then, we have 
screened and developed novel small molecules that specifically 
target this pathway. These agents inhibit viral-triggered TFEB 
degradation and demonstrate broad anti-viral activities, 

continued >
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Drug Discovery Group  
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PhD; Yuan Liu, PhD; Bo Lin, PhD
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including attenuating SARS-CoV-2 infection in several animal 
models. We have also been able to advance these molecules 
through rigorous preclinical tests and have recently launched 
a trial in humans. One of our future goals is to develop a novel 
class of host-directed anti-viral therapies which will serve as an 
off-the-shelf option for any future viral pandemic. 

What advice do you have for young researchers? 

Definitely follow what your heart tells you. Doing research can 
be extremely tiresome sometimes and often requires working 
long hours, but, if you love what you do and are passionate 
about your research area, then you will always be excited to 
show up at work! This is so important for maintaining a long  
and productive research career. 

Faculty Spotlight: Beibei (Bill) Chen, PhD
(continued)

The Chen Lab  
Left to Right: John Villandre, BS; Travis Lear, PhD; Daniel Camarco, MS; 
Bill Chen, PhD; Yuan Liu, PhD; Ferhan Tuncer, MD; Qing Cao, MMed; Aine 
Boudreau, BS; John Evankovich, MD.

Trainee Spotlight: Takeshi Murai, PhD 

Takeshi Murai, PhD, is a trainee under the supervision of Stacey Sukoff Rizzo, PhD, and has worked in the Rizzo Lab 
since 2020. Prior to his work at the Aging Institute, Dr. Murai worked for more than 20 years in the pharmaceutical 
industry in Japan developing novel therapeutics to target the central nervous system. As a behavioral pharmacologist, 
his expertise in handling animals extends beyond rodents to non-human primates. Dr. Murai received his first 
post-doctoral training at the California National Primate Research Center at the University of California, Davis in 2015, 
where he studied the social behaviors of rhesus macaques using an autism spectrum disorder model.   

Dr. Murai is interested in finding new interventions 
for patients with Alzheimer’s disease and wants to 
elucidate the fundamental mechanisms which are 

foundational to these interventions. In terms of translational research, non-
human primates have garnered attention due to their neuroanatomical 
and neurofunctional similarities with humans. Common marmosets, in 
particular, have some ideal features for translational studies, such as their 
small body size, ease of handling, and high homology of DNA sequences 
with humans. In addition, marmosets have a short life span relative to 
other large non-human primates, and therefore are a more suitable species 
to study age-related neurological disorders, such as Alzheimer’s disease. 
Because the Rizzo Lab uses these translational approaches, Dr. Murai was 
excited to join the lab and to continue this work in decoding fundamental 
mechanisms and discovering potential therapeutic interventions. 

Dr. Murai is currently working on establishing a rigorous testing battery to differentiate normal healthy aging from Alzheimer’s disease 
in marmosets. The testing battery includes an evaluation of cognition, sensory, and motor functions. Once established, the testing 
battery will be implemented on an annual basis in a longitudinal study. In addition to this work, Dr. Murai is also involved in the recent 
work of the Rizzo Lab to start neurodevelopmental and phenotypic evaluations of Alzheimer’s disease in model marmosets with genetic 
modifications. Outside of work, Dr. Murai loves spending time with his wife and their dog named Sara. He also likes to go hiking, jogging, 
and do yoga. Baking is a recent addition to his weekend routine.
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Pouneh Fazeli, MD, MPH, is the director of the Neuroendocrinology Unit in the Division of Endocrinology at 
UPMC and the Associate Director of the Center for Human Integrative Physiology, a collaborative endeavor 
between the Aging Institute and the Endocrinology Division. Dr. Fazeli’s research focuses on the hormonal 
and metabolic adaptations to states of fasting and undernutrition. 

While the potential life-extending properties of caloric restriction or fasting are of great interest to the aging 
community, Dr. Fazeli approaches these ideas from a more skeptical vantage point due to her long-held 
interest in the potential pathophysiological consequences of undernutrition. She first became interested in 
the intersection between nutritional balance and health as an undergraduate biological anthropology major 
at Harvard University, where she came to appreciate how evolutionary pressures, including those due to 
feast-famine cycles, may be influencing disease pathology in our current world. 

While our ability to adapt to periods of starvation has allowed humans to survive cycles of famine, in our current environment, 
negative caloric balance may activate both healthy and unhealthy responses. In college, Dr. Fazeli was fascinated by studies in 
ballet dancers, who tend to maintain negative caloric balance due to their intense training schedules and the pressure to remain 
thin. Despite looking outwardly healthy and athletic, many develop reproductive suppression and are at high risk for low bone 
mineral density and fractures. Later in life, this may translate into osteoporosis and fragility fractures. The control center for many 
of the adaptive responses in reproduction and bone metabolism is the pituitary gland. It is not surprising, therefore, that Dr. Fazeli 
ultimately became not just an endocrinologist but a clinical neuroendocrinologist specializing in diseases of the pituitary. 

Years after first being introduced to how caloric imbalance may 
impact health, Dr. Fazeli now runs a clinical and translational 
laboratory focused on the neuroendocrine adaptations 
to undernutrition. A central focus of Dr. Fazeli’s lab is in 
understanding and treating what is the most notable pathology 
incurred with chronic undernutrition: bone loss. Dr. Fazeli uses 
carefully controlled—often inpatient studies—to investigate the 
mechanisms underpinning acute adaptation to fasting. Her group 
also studies women with anorexia nervosa as a human model of 
chronic undernutrition, seeking to understand the mechanisms 
that drive the profound bone loss in this patient population. 
Through this work, Dr. Fazeli has uncovered the paradoxical 
increase in bone marrow fat in patients with anorexia nervosa as 
a potential tissue mediator in bone loss. 

Dr. Fazeli has also led several randomized clinical trials to test 
novel therapies in patients with anorexia nervosa. Numerous 
studies have shown that women with anorexia nervosa do 
not incur benefit from osteoporosis treatments that work for 
the treatment of postmenopausal osteoporosis, including oral 
estrogen. Dr. Fazeli led a study that demonstrated efficacy of 
recombinant parathyroid hormone (rPTH) for treatment of bone 
loss in anorexia nervosa and is currently studying the effects of 
transdermal estrogen on bone parameters in this population.

Ultimately, Dr. Fazeli describes herself as an optimist. Her chief motivation to study caloric deprivation in humans is to discover new 
mechanisms of benefit. Indeed, in a longitudinal “metabolomics” study of acute fasting in humans, her group discovered a fasting 
shift in triglycerides that has been linked to cardiometabolic benefit in epidemiological studies. Results such as these show promise 
for Dr. Fazeli’s current work to figure out how to drive beneficial metabolic reprogramming with either a lifestyle or pharmacological 
intervention—without incurring the negative effects of caloric restriction on bone.

Dr. Fazeli led a study that 
demonstrated efficacy of 
recombinant parathyroid 

hormone (rPTH) for treatment 
of bone loss in anorexia 
nervosa and is currently 

studying the effects of 
transdermal estrogen on bone 
parameters in this population

Faculty Update: Welcome Pouneh Fazeli, MD, MPH
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The topic of Dr. Wyss-Coray’s seminar was the use of systems 
biology approaches as a lens through which to study and 
understand the mechanism of aging and the effects of parabiosis 
and cerebrospinal fluid exchange on brain rejuvenation. 

Dr. Wyss-Coray’s lab studies brain aging and neurodegeneration 
with a focus on age-related cognitive decline and Alzheimer’s 
disease. His research team is currently following up on earlier 
discoveries which demonstrated that circulatory blood factors 
can modulate brain structure and function and that factors 
from young organisms can rejuvenate older brains. In 2014, 
these findings were voted the 2nd place Breakthrough of the 
Year by Science Magazine and were presented at TEDGlobal, 
the World Economic Forum, Google Zeitgeist, and Tencent’s 
WE Summit in China. 

In addition to his work as a professor, Dr. Wyss-Coray is the 
co-founder of Alkahest, a company developing plasma-based 
therapies to counter age-related diseases, including Alzheimer’s. 
Current studies in his lab focus on gaining a comprehensive 
understanding of how the immune system and organisms, as 
a whole, age and communicate with the brain. Using a human-
centered approach, Dr. Wyss-Coray integrates genetic, cell 
biology, and proteomics approaches and models them in short-
lived killifish and in mice. Ultimately, he aims to understand 
brain aging at an individual level in order to develop tailored 
diagnostic and therapeutic tools.

Dr. Wyss-Coray has received many awards and recognitions, 
including the NIH Director’s Pioneer Award in 2015 and the NIH 
Director’s Transformative Research Award in 2013. In 2018, he 
was one of Time magazine’s “Health Care 50,” which showcased 
the most influential people transforming healthcare. 

During the seminar, Dr. Wyss-Coray covered recent exciting 
discoveries from his laboratory, namely: 

 • How cerebrospinal fluid from young mice can restore 
oligodendrogenesis and memory in aged mice

 • The recent creation of the Tabula Muris database that can 
characterize whole mice transcriptomics changes across 
different tissues throughout the aging process.

 • Using a proteomics approach to unveil aging-associated 
changes in cerebrospinal fluid protein abundances and 
structures

 • Characterizing the signatures of accelerated aging and 
rejuvenation following parabiosis

Visiting Speaker: Tony Wyss-Coray, PhD, D.H.

Tony Wyss-Coray, PhD, D.H., Chen 
Distinguished Professor of Neurology 
& Neurological Sciences at Stanford 
University, presented a virtual seminar on 
May 12, 2022 for the Spring Aging Institute 
Research Seminar Series. 
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Unexplained weight loss, especially in 
older adults, is associated with morbidity 
and mortality. Indeed, it is often the first 
apparent sign of brewing age-associated 
diseases. At the same time, the molecular 
underpinnings of such unexplained 
weight loss and how it can be prevented 
are not yet understood. A new study 
published in Science Advances in 2022 by 
Drs. Aditi Gurkar, Shruthi Hamsanathan, 
and their team, provides a potential 
missing link between weight loss, 
inflammation, and aging. 

Throughout life, we are all exposed to DNA 
damaging agents, including ultraviolet 
(UV) radiation from the sun; exposure 
to pathogens, such as the COVID-19 
virus; or even some medications, such as 
chemotherapy received during cancer 
treatment. These exposures lead to the 
accumulation of DNA lesions and drive 
multiple age-related pathologies, like 
diabetes and neurodegeneration. To study 
the molecular mechanisms behind this, the 

Gurkar Lab used C. elegans, a nematode 
about one mm in size. C elegans is a great 
tool for understanding the biology of 
aging since these nematodes live for about 
25 days and display age-related changes 
similar to humans. In addition, several 
biological processes are evolutionarily 
conserved in C. elegans. 

Using this discovery platform, the lab 
found that accumulation of DNA lesions 
rewired metabolism and specifically 
increased breakdown of fat stores.  
These DNA damage-induced metabolic 
changes translated into higher expression 
of genes encoding proteins involved in 
chronic immune responses. By inhibiting 
fat breakdown, the authors observed 
attenuated inflammation and improved 
health span. These fat breakdown 
pathways are conserved in mice and 
humans, which indicates that the team’s 
findings could help identify therapeutic 
targets for age-related diseases and 
accelerated aging disorders. 

This discovery also may explain why 
kids with cancer who are treated with 
DNA damaging chemotherapeutic 
drugs become frail by middle-age. The 
team plans to collaborate with pediatric 
oncologists to measure DNA repair 
proteins in cancer patients. Ultimately, 
this work may lead to personalized design 
of chemotherapeutic regimens.

Hamsanathan S, Anthonymuthu T, Han S, 
Shinglot H, Siefken E, Sims A, Sen P, Pepper 
HL, Snyder NW, Bayir H, Kagan V, Gurkar AU. 
Integrated -omics approach reveals persistent 
DNA damage rewires lipid metabolism and 
histone hyperacetylation via MYS-1/Tip60. Sci 
Adv. 2022 Feb 18;8(7):eabl6083. doi: 10.1126/
sciadv.abl6083. Epub 2022 Feb 16. PMID: 
35171671; PMCID: AI5261913.

Highlighted Manuscripts at the Aging Institute

Aditi Gurkar, PhD  – Published Manuscript in Science Advances

The Gurkar Lab  
Front Row (left to right): Diana Alvarez 
Davidek, MD; Suhao Han, PhD; Aditi Gurkar, 
PhD; Austin Sims, BME; Anthony Aceto, 
undergraduate student
Back Row: Megan Monroe, MS



Gang Li, PhD, assistant professor at the Aging Institute and 
in the Division of Cardiology at the University of Pittsburgh 
School of Medicine, recently published a manuscript entitled 
“Post-GWAS functional analysis identifies CUX1 as a regulator of 
p16INK4a and cellular senescence” in Nature Aging (Jiang and 
Sun et al. 2022), a unique multidisciplinary and unifying journey 
for the aging-research community. Genome-wide association 
studies (GWAS) have identified numerous genetic loci that 
are statistically associated with different diseases and traits. 
However, no one knows how these genetic loci affect diseases 
and traits. To understand the underlying mechanisms, Dr. Li’s 
group previously developed a methodology to identify and 
characterize the causal genetic variants, also known as single 
nucleotide polymorphisms (SNPs) (Zhao et al. 2020 Nature 
Communications). In this most recent manuscript, Dr. Li’s group 
focused on a locus called CDKN2A/B. What is particularly 
interesting about CDKN2A/B is its consistent association with 
cardiovascular diseases, especially atherosclerosis—where 
buildup of plaque in the walls of arteries leads to heart attacks 
and strokes. CDKN2A/B SNPs are also associated with multiple 
other age-related diseases such as cancers and type 2 diabetes, 
as well as overall human longevity. 

The CDKN2A/B locus harbors three well-characterized 
genes, including p16INK4a. Previous studies have shown that 
p16INK4a is a tumor suppressor involved in one of the two 
common cellular senescence pathways and is, consequently, 
one marker of senescent cells. These data are consistent with 
our current thinking that the accumulation of senescent cells 
is a major driver of aging and age-related diseases, including 
atherosclerosis. In order to test this hypothesis, Dr. Li’s group 
used newly developed techniques to identify a functional SNP 

AI5261911 associated with atherosclerosis on the CDKN2A/B 
locus (see figure). Further analysis revealed binding of a protein 
called CUX1 to this region of DNA with augmented binding 
by the risk allele A relative to the non-risk allele C. As a result, 
carrying the A risk allele results in upregulation of p16INK4a 
expression and increased senescence. On the other hand, 
Dr. Li’s group also discovered that telomere shortening, DNA 
damage, and oxidative stress can independently activate CUX1 
to increase p16INK4a expression and induce cellular senescence. 
These results may provide a unifying explanation for why each 
of these factors are associated with coronary artery disease 
(CAD)—an atherosclerotic disease affecting the arteries that 
supply blood to the heart.

Currently, Dr. Li’s group has generated a mouse model in  
which the CUX1 protein is specifically deleted in mouse 
endothelial cells, the innermost cellular layer in arteries.  
They want to test if deletion of CUX1 in these cells can 
attenuate atherosclerosis by inhibiting p16INK4a-dependent 
endothelial senescence. Positive data from this study could 
provide a promising new avenue to prevent and treat 
atherosclerosis and its complications.
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Gang Li, PhD – Published Manuscript in Nature Aging

Front Row (left to right): Yuwei Wu, BS; Lili Lu, PhD; Qing Liu, MD
Back Row: Gang Li, PhD

Jiang, D., Sun, W., Wu, T. et al. Post-GWAS functional analysis identifies CUX1 as a regulator of p16INK4a and cellular senescence. Nat Aging 2, 140–154 
(2022). https://doi.org/10.1038/s43587-022-00177-0
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Bokai Zhu, PhD – Published Manuscript in Science Advances

Along with his team, Bokal Zhu, PhD, assistant professor of medicine at the Aging Institute, recently 
published a study in Science Advances which builds upon their ongoing research and interest in transcriptional 
regulation, proteostasis dynamics, biological rhythms, metabolism, and aging. In this study, Dr. Zhu and his 
team identified a new molecular link between the liquid-liquid phase separation dynamics of nuclear speckles, 
and proteostasis transcription reprograms, the former of which is a potential new therapeutic target for 
diseases and the aging process. 

Imagine a city like Venice, Italy, where boats putter through a network of watery canals transporting people 
to homes that line the banks and police vessels occasionally dash to 911 calls. The tide ebbs and flows on a 
12-hour cycle with high tide at dawn and dusk and low tide at noon and midnight.  At high tide, the brimming 
waterways are all connected, allowing police to quickly reach homes and solve problems. However, at low 
tide, some of the canals are cut off and, as a result, response time is slower. Luckily, for this imaginary city, 911 
calls spike at dawn and dusk in sync with high tide, which enables police to respond rapidly to incidents and 
maintain law and order. 

In the mind of Dr. Zhu, this peaceful Venetian city represents a healthy cell where proteins are in balance—known as proteostasis. 
Misfolded proteins are troublemakers who disrupt proteostasis and damage cells. Protein complexes called spliceosomes act as police 
boats, enforcing the law by turning on unfolded protein response (UPR) genes, which degrade wayward proteins or turn on other genes 
that help them fold correctly. In the Science Advances study, Zhu and his team found that tiny structures in the cell’s nucleus—called 
nuclear speckles—act as the cell’s waterways. Using time-lapse imaging of single mouse cells, they demonstrated that the state of 
nuclear speckles oscillates on a 12-hour cycle. 

“Like high tide, nuclear speckles are fluid and dispersed in the early 
morning and early afternoon, which leads to greater activation of 
UPR genes. Similar to an ebbing tide, nuclear speckles condense 
together and become stagnant in the late morning and evening, 
reducing activation of UPR genes,” explained Zhu.

The connection between the tides and cellular rhythms may be no 
coincidence. Rather, according to Zhu, this 12-hour clock—which 
is shared by mammals, mollusks, and other animals and which 
functions independently of more familiar 24-hour rhythms—may 
stem from life’s origin in the ocean. Based on his discoveries, Zhu 
maintains that this bi-daily cycle may help our body cope with 
higher metabolic demands at dawn and dusk as we transition 
between periods of rest and activity. An everyday metaphor, 
according to Dr. Zhu, is the fluctuating daily traffic on the highway: 
the 12-hour biological rhythm is analogous to the oscillatory 
operating capacity of the highway, which increases during the two 
rush hours—by opening the HOV lane, for example—whereas the 
function of the circadian clock is likened to determining which  
cars actually go on the highway at each rush hour. 

And yet, the 12-hour clock may become disrupted with age. Zhu and his team found that across mice lifespans, the gene that controls 
nuclear speckle fluidity gradually declines, leading to accumulation of misfolded proteins.

“For the Venice metaphor, let’s say that climate change causes the average water level to keep dropping, leading to more and more 
pools of disconnected water,” said Zhu. “As police boats struggle to navigate through these dried-up canals, the consequence is high 
crime rates and unstable society.”

These findings suggest that genes or proteins that regulate nuclear speckle dynamics could be new targets for treating diseases 
caused by dysregulated proteostasis. 

XBP1s-SON axis controls nuclear speckle LLPS to regulate proteostasis

Dion W, Ballance H, Lee J, Pan Y, Irfan S, Edwards C, Sun M, Zhang J, Zhang X, Liu S, Zhu B. Four-dimensional nuclear speckle phase separation dynamics 
regulate proteostasis. Sci Adv. 2022 Jan 7;8(1):eabl4150. doi: 10.1126/sciadv.abl4150. Epub 2022 Jan 5. PMID: 34985945; PMCID: AI5261912.
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Aditi Gurkar, PhD, is an assistant professor at the Aging Institute and in the Division of Geriatric 
Medicine at the University of Pittsburgh School of Medicine. In collaboration with Tzahi Cohen-Karni, 
PhD, of Carnegie Mellon University (CMU), Dr. Gurkar recently received an R01 from the National 
Institutes of Health (NIH) National Heart, Lung, and Blood Institute (NHLBI) to examine the role of 
DNA damage in heart disease using ‘mini-hearts in a dish.’ 

Cardiovascular diseases (CVD) are driven by age-associated pathologies and are the leading cause 
of death globally. Interestingly, cancer patients treated with chemotherapy—a process of inducing 
DNA damage in order to stop division of cancerous cells—are at an increased risk of cardiovascular 
disease. Survivors of childhood cancers treated with DNA damaging drugs also have a sevenfold 
risk of cardiac-related mortality. Extensive DNA damage is particularly harmful and can produce 
unintended consequences, such as permanent cardiac dysfunction and heart failure. There are no 
current effective therapeutic strategies to protect the heart from DNA damage.

DNA damage promotes senescence, a process where cells remain in suspended 
animation and release inflammatory factors. The heart is made up of multiple cell 
types, including cardiomyocytes and cardiac fibroblasts. Efficient crosstalk between 
these cells is essential to cardiac function. Cardiomyocytes in aged or diseased 
hearts exhibit markers of DNA damage, cellular senescence, and senescence-
associated inflammation markers. Non-cardiomyocytes—mainly fibroblasts—which 
account for approximately 70% of cells in the human heart, also display cellular 
senescence. While we know that DNA damage can lead to cellular senescence, 
there is conflicting evidence as to whether senescence in specific cell types is a 
pathological or a protective response. Essentially, is senescence a hero or a villain? 

There are a range of technical barriers to understanding the implications of DNA damage 
and senescence in specific cell types in the heart. There are limitations, for example, 
to using standard culture of a single cell type to study the effect of DNA damage 
on cell-to-cell communications, and as a result, it is not well understood how DNA 
damage in one particular cell type affects neighboring cells to drive cardiac disease. One 
challenge is a lack of tools that can specifically target DNA damage to a single cell type 
(e.g., cardiomyocytes) and subsequently investigate its effect on cardiac fibroblasts and 
cardiac function. Cardiomyocytes, fibroblasts, and endothelial cells, commonly used for 
cell culture experimentation, are also not on a uniform genetic background and standard 
two-dimensional (2D) cell culture does not reproduce the tissue dynamics present in the 
multi-cellular and highly organized three-dimensional (3D) heart. 

This grant addressees these critical barriers by using induced pluripotent stem (iPS) 
cells that can form different cell types, including cardiomyocytes and cardiac fibroblasts. 
Furthermore, this study will use three-dimensional (3D) organoid methods to create ‘mini-
hearts in a dish’. Dr. Cohen-Karni, an Associate Professor at Carnegie Mellon University 
(CMU), has previously generated a self-rolling 3D biosensor array, that can envelop ‘mini-
hearts in a dish’ and measure molecular, architectural, and bioelectrical responses.

DNA damage is an unavoidable condition and is intimately linked to cardiac health and 
disease. These studies will increase our fundamental understanding of the connection 
between DNA damage and heart disease and potentially pave the way for new 
treatment strategies. Other members of the team include Adam Feinberg, PhD; Pulkit 
Grover, PhD; and Carmel Majidi, PhD from CMU.

Highlighted Grants at the Aging Institute

Aditi Gurkar, PhD, received an R01 from the National Institutes of Health (NIH) 
National Heart, Lung, and Blood Institute (NHLBI) to examine the role of DNA 
damage in heart disease.

Above: N1012-5 marker of early cardiac 
mesoderm. TNNT2/cTNT marker of 
cardiomyocytes. DAPI nuclear staining 
inverted microscope — 10x magnification.
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As our bodies age, some cells become damaged and lose the 
ability to divide. The accumulation of these cells with age—a 
process called cellular senescence—has been linked to many 
diseases, such as Alzheimer’s disease, type 2 diabetes, chronic 
lung disease, cardiovascular disease, and cancer. In recent years, 
in order to comprehend how cellular senescence might lead to 
disease, researchers have emphasized the growing importance 
of closing gaps in our understanding of the cellular aging process 
and the effects of senescent cells on the whole body.

As a result, the National Institutes of Health Common Fund 
recently funded a large consortium—the Cellular Senescence 
Network (SenNet)—with a $125 million, five-year commitment 
to analyze human tissues at high resolution in order to 
enhance our understanding of senescent cells.

The Aging Institute, along with other divisions in the University 
of Pittsburgh Department of Medicine, and three universities—
The Ohio State University, University of Rochester Medical 
Center, and Carnegie Mellon University—were awarded one of 
the eight national awards to begin mapping senescent cells in 
human tissues. These four universities, stretched across three 
separate states, have combined their expertise to form the 
TriState SenNet Tissue Mapping Center (TMC) and officially 
launched study activities with a virtual kickoff conference in 
early December 2021. 

Dr. Finkel is joined in this effort to study senescence by 
another Aging Institute faculty member, Aditi Gurkar, PhD, 
(Co-Investigator) and by other members of the University 
of Pittsburgh School of Medicine, including Drs. Melanie 
Konigshoff, MD, PhD (Principal Investigator); Oliver Eickelberg, 
MD; Jonathan Alder, PhD; and Stephen Chan, MD, PhD 
(Co-Investigators).

The TriState SenNet TMC will specifically study senescent cells 
in human heart and lung tissue in an attempt to understand 
the process of cellular senescence, to compare senescent cells 
across the human lifespan, and to develop these findings into a 
publicly accessible “Google Map” of senescent cells across the 
human body.

In addition to their virtual kickoff, the TriState SenNet TMC met 
recently for their first in-person annual meeting on June 8th & 
9th in Pittsburgh.  The conference was an opportunity for all 
researchers to present and discuss their initial findings. 

Over the next five years, this team will be analyzing the 
molecular makeup of senescent cells in heart and lung tissues 
using the most sophisticated molecular tools available. As  
Dr. Gurkar notes, “This is going to be a really exciting adventure. 
We’re a little bit like modern-day explorers trying to map what  
is currently uncharted territory.”

Members of the TriState SenNet Consortium, including Drs. Toren Finkel 
and Aditi Gurkar - as well as Project Manager, Serafina Lanna - of the 
Aging Institute; Drs. Alison Morris (not pictured), Melanie Königshoff, 
Oliver Eickelberg, Jonathan Alder, Marta Bueno, and Delphine Beaulieu—
as well as Research Scientist, John Sembrat, and doctoral student, 
Qianjiang Hu—of the Division of Pulmonary, Allergy, and Critical Care 
Medicine; Drs. Simon Watkins and Claudette St. Croix of the Department 
of Cell Biology (not pictured); and Dr. Katherine Aird of the Department 
of Pharmacology and Chemical Biology (not pictured), met in Pittsburgh 
on June 8th and 9th for their first annual meeting.
Not pictured but also in attendance were University of Pittsburgh faculty 
who serve on the Internal Advisory Board for the TriState SenNet:  
Dr. Harinder Singh of the Department of Immunology and Dr. Anne 
Newman of the Aging Institute and Graduate School of Public Health.

Toren Finkel, MD, PhD, director of 
the Aging Institute and Distinguished 
Professor of Cardiology at the University 
of Pittsburgh, is leading the TriState 
SenNet, a new grant from the National 
Institutes of Health to study cellular 
senescence in heart and lung tissue.
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Thank You from the Aging Institute Team

Additional New Grants at the Aging Institute

Principal Investigator Grant Title Grant Type Sponsor

Eisele, Yvonne and  
Gurkar, Aditi 

Cellular senescence and Alzheimer’s disease: 
Solving the chicken and egg problem.                                                                   
Pilot Award under NIH P30-Alzheimer's Disease Research 
Centers (Oscar Lopez MD, PI)

National Institutes of Health

Gurkar, Aditi Mapping the cell specific DNA damage-induced molecular 
and bioelectrical responses in the 3D cardiac unit

R01 National Institutes of Health

Gurkar, Aditi Identifying whether p53/cep-1 plays a role in lipid 
metabolism in a cell-autonomous or nonautonomous 
manner

Chance to Change Lives 

Rizzo, Stacey Improving Preclinical Translation in Alzheimer's Disease 
Research

R13 National Institutes of Health

Tan, Xiaojun Antagonizing tau spreading in Alzheimer’s disease by 
PI4K2A-mediated lysosomal quality control

K01 National Institutes of Health

Co-Investigator Grant Title Grant Type Sponsor
Chen, Beibei DNA damage-induced inflammation and its brain-specific 

consequences
RF1 National Institutes of Health

Eisele, Yvonne A pilot study to elucidate causes of reduced ejection 
fraction in patients with transthyretin-related cardiac 
amyloidosis

Pittsburgh Foundation 

Steinhauser, Matthew Mechanistic clinical trial of β-blocker administration for 
reactivating cardiomyocyte division in Tetralogy of Fallot

R01 National Institutes of Health


