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A.  Personal Statement 
 

In recent years, as new and unexpected roles for cellular senescence have emerged, the field of cellular 
senescence has gained a tremendous amount of momentum. It is now evident that cellular senescence plays 
critical roles in suppressing cancer development, promoting aging and age-associated diseases, facilitating 
wound healing, and regulating embryonic development in mammals. My research, which is geared towards 
understanding the biological role of telomere-based senescence responses and their impact on human health, 
not only has contributed significantly to these advances, but also is at the forefront of this field. I have 
developed and now optimized the technique to visualize dysfunctional telomeres in mammalian cells on a 
single cell level and, consequently, was able to demonstrate, for the first time, the presence of senescent cells 
with dysfunctional telomeres in mammalian tissues. Being one of only very few laboratories with demonstrated 
ability to efficiently detect cells that had undergone telomere dysfunction-induced senescence (TDIS) in tissue, 
my group has provided strong evidence that TDIS is critical for human health. We were first to demonstrate a 
biological role for telomere based senescence responses during aging in long lived mammals (a), provide 
strong evidence that TDIS suppresses malignant cancer development in humans (b) and uncover a role for 
TDIS in tissue repair, wound healing, and fibrosis (c). My group continues to study TDIS, as well as the effects 
of the senescence associated secretory phenotype (SASP), during cancer development, tissue repair, and 
aging.  
 

More recently, studies in my laboratory have shifted towards analyzing the contribution of immune-cell 
senescence to aging and the development of age-related diseases. In a collaborative study with the Fitzgerald-
Bocarsly lab, we have developed a novel method to accurately identify, isolate, and characterize senescent 
immune cells from human peripheral blood and from tissue. We discovered that healthy human donors 
increasingly develop T lymphocytes with high senescence associated beta-galactosidase and other 
characteristics of cellular senescence with advancing age. We proposed that cellular senescence of T 
lymphocytes is a major contributing factor to the observed decline of immune cell function with age and age 
associated disorders and that immune cell senescence, therefore, plays a significant role in aging and the 
increased susceptibility of the elderly to age- associated diseases (d). 
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Ongoing projects that I would like to highlight Include: 
 
R01 CA136533 
Herbig (PI) 
2/1/2017-1/31/2022 (NCE until 1/31/2024) 
Deciphering the Code For Senescence Escape During Cancer progression in Humans 
 
R21 AG067368 
Herbig and Fitzgerald-Bocarsly (mPI) 
5/1/20-4/30/2022 (NCE until 4/30/2023; additional NCE will be requested) 
Causes of Immune Cell Senescence in Aging Humans 
 
R21AG067368-S1 
Herbig and Fitzgerald-Bocarsly (mPI) 
8/21-4/23 (Additional NCE will be requested)  
The impact of Alzheimers Disease neuropathology on immune cell senescence in older African Americans.  
 
Rutgers Facility Grant 
Herbig (PI) 
6/22-6/23 
Center for Advancer Proteomic Research to analyze the SASP of senescent human CD8+ T cells 
 
Rutgers Bridge Grant 
Herbig (PI) 
3/23-2/24 
RBHS bridge funding support to study functional defects of senescent human CD8+ T cells 
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C. Contribution to Science  
 
1. Mechanisms of initiation of DNA replication: My early contributions to science were centered around 
understanding the mechanisms and identifying protein factors involved in the initiation of eukaryotic DNA 
replication, a process that is deregulated in cancer. Using the DNA replication model system of Simian Virus 
40, I contributed to identifying novel regulatory mechanisms that suppress viral replication origins and activate 
these in a timed fashion. I co-identified and cloned the human DNA replication initiation factor Cdc6 and 
characterized the functional significance of the ATPase and phosphorylation sites of this factor. 
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11102512 

 
2. Telomeres and cellular senescence during aging. At Brown University and Rutgers, my studies shifted 
towards understanding the causes and physiological consequences of telomere initiated cellular senescence, 
particularly in aspects of aging, aging associated diseases, and wound healing. I discovered that the reason for 
growth arrest in cells that had reached the end of their proliferative lifespan was because their telomeres, the 
physical tips of our chromosomes, had become critically short and dysfunctional, resulting in the activation of a 
stable G1 DNA damage checkpoint arrest. Having additionally discovered specific markers for Telomere 
Dysfunction Induced cellular Senescence (TDIS), I tested the long standing hypothesis that TDIS promotes 
organismal aging by progressively depleting our tissues of functional cells that are required for tissue 
homeostasis. My studies revealed that senescent dermal fibroblasts displaying dysfunctional telomeres indeed 
increased exponentially in the dermis of aging baboons, reaching levels of over 20% in very old animals. Our 
study was the first to demonstrate replicatively senescent cells in vivo, and additionally provided first evidence 
of the potential pro-aging properties of replicative senescence in long lived animals. More recently, we 
discovered that in addition to activating cellular senescence, generation of dysfunctional telomeres also can 
lead to a gain-of-function phenotype. Specifically, we discovered that telomere dysfunction is a cellular event 
that is critical for transdifferentiation of fibroblasts into myofibroblasts and that telomere dysfunction, therefore, 
plays an important role during wound healing and tissue repair in humans. In addition, in a collaborative effort 
with the Fitzgerald-Bocarsly laboratory we recently developed a novel method to accurately identify, quantify 
and isolate senescent and SA-bGal expressing immune cells from peripheral blood and discovered a dramatic 
increase in senescent CD8+ T cells in aging humans.  
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3. Telomeres and cellular senescence during cancer development. My studies have additionally 
contributed significantly to 1) revealing the tumor suppressing functions of TDIS and 2) characterizing the 
causes of telomere dysfunction and erosion in mammalian cells. Testing the decades-old hypothesis that 
replicative senescence evolved as a tumor suppressing mechanism in humans, we demonstrated that the vast 
majority of cells in early neoplastic human lesions - but not cells of their malignant cancer counterparts-, 
display hallmarks of TDIS. Our data were the first to provide evidence that a telomere initiated senescence 
response suppresses cancer growth in humans. For many years it was thought that telomere erosion and 
dysfunction is primarily a consequence of the “end replication problem”, the inability of the replicative 
polymerase to completely duplicate linear chromosomes. Our work, and that of others, recently changed this 
dogma. We contributed to revealing that double stranded DNA breaks (DSBs), induced by drugs, 
endonucleases, or ionizing radiation, are in fact irreparable. As a consequence of genotoxic stresses that also 
cause telomeric DSBs, telomeres become dysfunctional and rapidly trigger cellular senescence. In addition, we 
demonstrated that telomere dysfunction observed in tissue culture, as well as in tumor tissue, primarily is a 
result of telomeric DNA replication stresses triggered by BRCA2 deletion, drugs, oncogene expression, 
inactivation of the telomere specific DNA replication factor hStn1, or elevating the levels of reactive oxygen 
species. Our data therefore uncovered a novel and unexpected function for telomeres: that of acting as a 
molecular trigger of cellular senescence in response to a large number of stresses that place a cell at risk for 
malignant transformation. We further discovered that cellular senescence, activated by oncogene expression, 
is not always stable which causes cells to escape from senescence after a period of apparent inactivity. Our 
studies identified two cell autonomous mechanisms of senescence escape: 1. epigenetic derepression of 
hTERT expression and 2. POU2F2 dependent activation of cell cycle re-entry.  
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