Identification of lifespan cellular and molecular trajectories of immunological aging and their impact on chronic inflammation and cognitive decline
Aging is marked by the deterioration of the immune system, leading to reduced capacity for tissue repair along with increased disease risk and mortality. Yet, while the impact of deteriorated immunity on neurodegenerative diseases of aging including Alzheimer’s disease (AD) and other types of dementia is increasingly and strongly evident, the underlying mechanisms and early biomarkers that can predict cellular trajectories of immune failure remain poorly charted. In this proposal, we use cutting edge technologies to build a high-granularity map at a molecular and cellular level of immune system alterations underpinning these susceptibilities.
Among the various leukocyte subsets that can cause dysregulated immunity and repair, we recently showed—by using the powerful technique of single-cell RNA sequencing—that the landscape and functionality of CD4 lymphocytes are substantially altered in aging. We hypothesize that these changes occur gradually with age following puberty along with thymus involution and are likely to underlie chronic inflammation and infection, declined immunity, and a gradual decline in immune-mediated tissue repair. Thus, we propose to harness our understanding of this immune senescence toward improved understanding of immune (dys-)function in human aging, with implications for neuroinflammation and cognitive decline, and toward the identification of new biomarkers for early disease detection.
For this, we will: 1. Map the epigenome of PBMCs and the CD4 T lymphocyte landscape across lifespan and in elderly individuals with mild cognitive impairment. 2. Characterize the functional properties of aging-related lymphocytes in animal models of aging. 3. Asses the capacity of biomarkers to predict aging-related chronic inflammation, frailty, and cognitive decline. 
This proposed study will be carried by an interdisciplinary team of experts in immunology, epigenetics, computational biology, and neurology with patient characterization and large-scale screening conducted via collaboration with a community primary care center. We anticipate that the resulting immune biomarkers and methodologies we propose could be employed not only to screen and subsequently treat individuals at risk for a variety of age-related inflammatory disorders as well as cancer, psychiatric and neurodegenerative diseases, but also to gain insights into fundamental causes of aging and longevity. Since the number of people aged 80 or over is projected to increase more than threefold until 2050, it is urgent to obtain detailed understanding of impaired immunity in aging, to develop biomarkers for early disease detection and new avenues for therapy.
