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Abstract

The geropathology concept assumes all age-related lesions are relevant, which allows the ability to grade each lesion in an organ with a severity score resulting in a quantitative value. Because aging pet cats have similar age-related diseases as older humans, knowledge of histopathology occurring during aging would be invaluable to determine how age-related lesions progress with increasing age and the connection with comorbidities. The ability to use the severity of specific organ geropathology to predict biological aging would provide new approaches to study pathways of aging and their role in the development of age-related diseases in animal models. 
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Geropathology is an upcoming concept within the geroscience field. It is based on the same goal: to understand the relationship between aging and disease, but from a pathological perspective [1]. By definition, geropathology assumes all age-related lesions are relevant, which allows the ability to grade each lesion in an organ with a severity score resulting in a quantitative value. We have developed a geropathology grading platform for the laboratory mouse [2] and are currently working on a platform for laboratory rats, nonhuman primates, and domestic cats. Because aging pet cats have similar age-related diseases as older humans [3], knowledge of histopathology occurring during aging would be invaluable to determine how age-related lesions progress with increasing age and the connection with comorbidities. The ability to use the severity of specific organ geropathology to predict biological aging would open a new window of opportunity to study pathways of aging and their role in the development of age-related diseases in animal models. 

[bookmark: _Hlk96614296]The concept is based on a computational approach to develop a standard lesion curve (SLC) to integrate increasing lesion severity with increasing age based on average organ lesion scores at different ages. By using pathology records from autopsies of domestic cats at the University of California Davis (graciously provided by Dr. Denise Imai) and the University of Pennsylvania (graciously provided by Dr. Molly Church) a presumptive SLC was constructed for four major organs (Figure 1) without accounting for sex, breed or other variables, but the exercise is useful to demonstrate the power of the SLC. It can be appreciated that the liver and kidney have increasingly high lesion scores compared to the heart and brain. Therefore, as defined by age-related lesions, liver and kidney age more rapidly than heart and brain and thus are biologically older with increasing chronological age. 



















Figure 1. A standard lesion curve (SLC) was constructed from average organ lesion scores of cats autopsied at the University of Pennsylvania and University of California Davis Veterinary Schools. N= 44 at 5-9 yrs, 26 at 10-12 yrs, 25 at 13-16 yrs, 16 at 17+ yrs.

Furthermore, the SLC can be used to compare where the organ lesion score (OLS) from an individual cat of a specific age falls along the curve. For example, a kidney OLS of 3.1 for an individual 15-year-old cat can be plotted on the kidney SLC under the 13 to 16 age group to show that this cat’s kidney is actually closer to 17 years reflecting an estimate of biological age. The biological age of a specific organ can then be correlated with readout data from specific pathways of aging in comparison to the chronological age (Figure 2). In this example, correlation analysis of digital imaging immunohistochemistry staining intensity with biological organ age suggests that different aging pathways are involved in the aging of different organs, and some pathways may play a more prominent role than others depending on the organ.         
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Figure 2. Example of how biological age of each organ can be correlated with increase or decrease in digital imaging immunohistochemistry staining intensity of aging pathway proteins. 

In addition to addressing questions on the role of aging pathways in individual organ aging, the SLC can be used to investigate the role of aging pathways in the pathology of age-related diseases. For example, the brains of some domestic cats exhibit the presence of Alzheimer’s disease (AD) lesions including both Aβ42 plaques and tau fibrillary tangles [4]. The NIA-AA has developed guidelines for grading the severity of AD lesions in human brains in an ABC format [5, 6, 7, 8]. These guidelines can be used to score the severity of AD lesions in cat brains. To show how the role of aging pathways can be studied, brain OLS’s and AD ABC scores can be compared between two 15-year-old cats (Figure 3). Cat number 2 has an AD ABC summary score of 6 (2 for A, 3 for B, and 1 for C), with a brain OLS of 1.3, while cat number 1 has an AD ABC score of 0, and a brain OLS of 0.8. Therefore, cat number 1 has a biologically younger brain. The difference in digital imaging immunohistochemistry staining expression of aging pathway proteins in the brains of the two cats suggests specific pathways of aging might be associated in some way with the neuropathology of AD. 
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Figure 3. Example of how biological age and the AD neuropathology grade of cat brains can be correlated with increase or decrease in digital imaging immunohistochemistry staining intensity of aging pathway proteins. 
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