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Abstract
Alzheimer’s disease (AD) is a devastating neurodegenerative condition with unknown etiology and no cure. 
Therefore, it is imperative to learn more about the underlying risk factors. Since AD is an age-related disease, 
one approach is to look at factors associated with aging. One example is sleep disruption, which increases with 
age and accelerates the progression of cognitive decline. However, some people with sleep loss experience 
little or no cognitive impairment and are considered resilient. The concept that resilience to sleep disruption 
increases resistance to AD can be modeled in aging mice with or without cognitive impairment to determine 
resistance or susceptibility to AD. Given that sleep disruption is a relevant and rising health concern, it is es-
sential to gain a better understanding of resilience, and factors associated with resistance to AD, in order to 
develop successful intervention strategies. 
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Introduction

The prevalence of neurodegenerative diseases such as Al-
zheimer’s disease (AD) is expected to soar with the num-
ber of elderly individuals in both developed and develop-
ing countries rising dramatically. Efforts to find disease-
modifying treatments have been largely unsuccessful, in 
part due to the inability to assess early signs of disease 
and the lack of knowledge about risk factors associated 
with increasing age. One approach to investigating risk 
factors for AD is to look at attributes that oppose risk, i.e., 
resilience and resistance. Physical resilience to aging is 
the ability of an organism to respond to physical stressors 
without causing long-term adverse effects [1, 2]. Resis-
tance to AD is defined as the failure to develop significant 
cognitive impairment and neuropathology associated with 
amyloid beta and phosphorylated tau [3, 4].
Sleep disturbances, such as sleep fragmentation and sleep 

loss, occur in humans with increasing age. It has recently 
been recognized as an important risk factor for AD [5-7]. 
There is growing evidence that poor sleep leads to accel-
eration in the progression of neurodegenerative disorders 
and may play a role in their pathogenesis [8-10]. Research 
has shown that some individuals are resilient, and others 
are sensitive to sleep disruption [11-13]. A study by Den-
nis et al. [14] suggested that this phenotypic feature is 
maintained with increasing age. Approximately two-thirds 
of healthy older adults showed performance deficits with 
moderate to severe sleep loss, while one-third showed few 
or no performance deficits even with severe sleep loss. 
Therefore, sleep disruption is a universal issue that affects 
individuals in different ways. While some individuals ex-
perience a deficit in daily performance, others experience 
resiliency as they can maintain high levels of physical and 
mental function despite sleep loss. Although sleep loss 
causes cognitive dysfunction in areas such as learning and 
memory, it is not well understood how resilience to sleep 
disruption may be associated with a slowdown in aging, 
improved overall health, and decreased risk (resistance) 
of developing AD. The expectation is that those with 
enhanced resilience to sleep disruption would have an 
increased resilience to aging and the ability to adapt suc-
cessfully without developing age-related diseases such as 
AD. 

https://creativecommons.org/licenses/by/4.0/
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A mouse model of resilience to acute sleep disruption

Over the past decade, several studies have shown that 
people who are vulnerable versus resilient to the effects 
of sleep loss differ in their brain activation and behavioral 
performance when they are well rested [15, 16]. Observa-
tions in sleep-deprived mice are similar, as evidenced by 
our recent publication showing that learning impairment 
is an adverse effect of acute sleep disruption [17]. In this 
study, we utilized a novel spatial navigation task desig-
nated as the Box Maze [18, 19] in sleep-disrupted mice 
in order to identify resilience or sensitivity to learning 
impairment. Parameters consisted of keeping mice awake 
for a four-hour period of time each day for four days (Fig-
ure 1). The mice showed a consistent learning impairment 
pattern that was not seen in non-sleep-deprived mice of 
the same age. Interestingly, the Box Maze task showed 
variable levels of performance within the sleep-disrupted 
mice, indicating that certain mice were resilient (fast 
learners) and other mice were sensitive (slow learners) to 
the development of impaired learning. 

Are aging mice resilient to sleep disruption also resistant 
to AD?

In a preliminary experiment, we identified 23-month-old 
male and female C57BL/6J mice as fast learners (resilient) 
or slow learners (sensitive) after short-term sleep disrup-
tion. Since AD is an age-related disease, it was imperative 
to use an aging mouse model of AD instead of a trans-
genic model that expresses neuropathology at a young age 
[20]. We therefore elected to use an AAV PHP.eB vector 
[21] containing sequences to Aβ1-42 and P301L tau [22] 
to induce AD in our resilient and sensitive aging cohorts. 
Three months later, when the mice were 26 months of age, 
brains were examined for neuropathology using immuno-
histochemistry and Qu-Path digital imaging as previously 
described [23]. As shown in Figure 2, sleep-disrupted re-
silient mice had significantly less evidence of the presence 
of Aβ1-42 /P301L tau, less inflammation, and better synap-
tic integrity compared to sleep-disrupted sensitive mice.  
While these observations are very preliminary, they do 
provide increased interest in the concept of resilience to 
sleep disruption as a way to investigate resistance to age-
related neurodegenerative diseases such as AD. Given that 
sleep disruption is a relevant and rising health concern, 
the novel mouse model we describe could be useful in 
helping gain a better understanding of resilience to aging 
and factors associated with resistance to AD. 

http://www.antpublisher.com/index.php/APT/index
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Figure 1. Protocol for identifying mice resilient to sleep disruption. 
(A) Four hours after lights come on, mice are placed in a new cage and 
maintained in an awake state by gentle cage tapping and brush stroking 
for four hours daily for up to four days. (B) Mice are then tested in a 
spatial navigation learning task (Box Maze) to identify those that rapidly 
find the escape hole (resilient and classified as fast learners) versus those 
that are slow in finding the escape hole (sensitive and classified as slow 
learners).

Figure 2. Sleep disrupted resilient C57BL/6 mice (SD-Resilient), 26 
months of age, developed less neuropathology than sleep-disrupted 
sensitive mice following intravenous injection of AAV Aβ1-42/P301L tau 
at 23 months of age. Data are presented as percent superpixel staining 
using immunohistochemistry and Qu-Path digital imaging. P ≤ 0.05 
for all stains. N = 8-10/cohort. Similar results were seen in males and 
females. Antibodies were obtained from Abcam, Inc. 
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