A mouse model of naturally occurring age-related cognitive impairment
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Abstract

Age-related cognitive impairment (ARCI) is a neurological condition that affects millions of older people, but little is known about increased risk for developing more severe neurodegeneration and dementia. Preclinical research is needed to understand mechanisms of the impairment and the neuropathology associated with it.  We have characterized a model of naturally occurring ARCI in the C57BL/6J mouse strain that shows an age-dependent development of cognitive impairment. As in people, some mice have little cognitive impairment while others have more severe cognitive impairment. Therefore, mice can be categorized as resistant or susceptible and the two groups can be studied for behavioral and neuropathology differences. Preliminary observations show no difference in strength and agility test scores between ARCI resistant and susceptible mice of either sex suggesting the cognitive impairment in ARCI susceptible mice is not accompanied by impairment in daily living activities, similar to ARCI in humans. The hippocampal area of the brain from ARCI susceptible mice shows evidence of an increase in the inflammatory cytokine MCP-1 compared to ARCI resistant mice, suggesting inflammation may be associated with ARCI.  These preliminary observations suggest that ARCI in C57BL/6J mice could be a high impact model to study how resilience to brain aging may predict resilience to dementia associated with Alzheimer’s disease and other age-related neurological conditions. 
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Cognitive decline with increasing age is a common aspect of growing old [1]. It is a generic umbrella for all aspects of cognitive dysfunction ranging from memory lapses associated with typical aging to prodromal stages of neurodegenerative diseases such as Alzheimer’s disease (AD). Dementia is the term used for more severe cognitive impairment where patients experience memory loss as well as difficulties in maintaining independence in normal living activities [2]. Mild cognitive impairment is often used to describe a prodromal stage between cognitive impairment related to aging and dementia [3]. Age-related cognitive impairment (ARCI), which falls under the umbrella of cognitive decline, is an extremely common condition that affects millions of older people, but little is known about how these people may be at increased risk for developing more severe neurodegeneration and dementia.

We have characterized a mouse model of naturally occurring ARCI that will provide the opportunity to investigate cellular, molecular and transcriptomic aspects of cognitive impairment without the presence of disease factors such as AD. Mice do not get AD naturally, so the mouse brain is not cluttered with amyloid plaques or tau fibrillary tangles. The purpose of this short note is to describe the model.      

C57BL/6 mice are used extensively in aging research. In order to determine if cognitive impairment was age-dependent in this strain, mice were obtained from the NIA Aged Rodent Colony (Charles River) at ages 4, 12, 20, and 28 months. They were acclimated for three weeks and subsequently tested for cognition using the radial water tread maze [4]. Figure 1 clearly shows 28-month-old mice performed poorly, whereas 4-month-old mice showed superior performance and were not cognitively impaired. The 12- and 20-month-old mice were in the middle with 20-month-old mice trending toward more cognitive impairment than 12-month-old mice.    














Figure 1. Cognitive impairment in C57BL/6 mice develops in an age-dependent manner as determined by the radial water tread maze. 

We next obtained 20-month-old C57BL6 mice, 20 males and 20 females, from the NIA Aged Rodent Colony to assess the variability of ARCI using a spatial navigation learning task [5]. 
[image: ]This is a one-day assessment procedure that measures escape times from an isolated box-like bin into an open hole among 7 closed holes. After finding the median slope value across the number of mice in each cohort, a threshold value was set so that mice that escaped more quickly after 4 trials could be distinguished from mice that were slow to escape. This was done by plotting the raw data of each mouse (Figure 2) on a logarithmic scale and determining the R2 value and slope using a trendline thus allowing placement into an ARCI susceptible group and an ARCI resistant group. The R2 value was used to further separate fast learners. 

Figure 2. Regression analysis of escape times by 20-month-old C57BL/6 mice in a spatial navigation learning task. It can be seen that mice at this age can be stratified into a slow escape group and a fast escape group providing the rationale to designate these groups as susceptible and resistant, respectively, to ARCI. 

[image: Chart, bar chart

Description automatically generated]In order to determine if ARCI susceptible mice at this age had any age-related physical challenges, agility and strength tests were performed. As can be seen in Figure 3, there were no differences in performance in strength or agility between the two groups of males or females suggesting ARCI susceptible mice were fully capable of performing basic living tasks requiring mobility for eating, drinking and grooming. Interestingly, susceptible females performed better than susceptible males in the grip strength test but not the rotarod test, while resistant males performed better than resistant females in the rotarod test but not the grip strength test.  
Figure 3. Grip strength and rotarod tests showed no significant difference in performance between ARCI resistant and ARCI susceptible mice in either males or females.   

[image: ]It was then of interest to see if there were any molecular differences in the brains of ARCI resistant and ARCI susceptible mice. MCP-1 is a prototype inflammatory cytokine associated with aging [6]. We used immunohistochemistry and Qu-Path digital imaging [7] to show that staining intensity for MCP-1 was less in the hippocampus of ARCI-resistant mice compared to ARCI susceptible mice (Figure 4) suggesting that inflammation may be associated with cognitive impairment in these mice.

Figure 4. Staining intensities for MCP-1 were determined by immunohistochemistry and Qu-Path digital imaging. The heat map shows more intense staining in the brain of an ARCI susceptible mouse compared to the brain from an ARCI resistant mouse. 

In conclusion, we have presented preliminary observations in aging C57BL/6 mice of both sexes that describe a naturally occurring model of ARCI. This is a potentially high impact translational model to study brain aging and how mice resistant to ARCI might be more resistant to developing AD, or other neurodegenerative diseases. There is also the opportunity to explore, in exquisite detail not possible in people, mechanistic aspects involved in determining resistance or susceptibility, thus providing insight into possible therapeutic targets for preventing or slowing the development of ARCI and decreasing the risk of developing more severe neurodegenerative diseases. We already have preliminary evidence that inflammation, a process of aging, may be associated with impairment of cognition in this model, and that mice that are resistant to ARCI have less inflammation based on less MCP-1 expression. Therefore, the C57BL/6 ARCI mouse model would be ideal to study strategies for targeting inflammation in a therapeutic precision manner.  ARCI resistant mice could also be used to determine resistance factors to AD by challenge with an AAV vector system linked with Aβ 42 and mutant tau in a model we have previously described [8].   
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