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Background

 Alzheimer’s disease (AD) is a human neurodegenerative disease 
linked to Aβ plaque formation and hyperphosphorylation of tau protein in 
neurofibrillary tangles and is the leading cause of dementia with an increas-
ing socioeconomic burden on the world population [1,2]. AD is character-
ized by atrophy of the brain that starts with loss of tissue, neuronal death 
and microglial inflammation in the hippocampus which is also correlated 
with the progressive loss of cognition [3]. Late-onset AD makes up 98% of 
the cases and in which the symptoms arise after age 65, whereas early-onset 
AD (EOAD) usually starts before age 65 and progresses more rapidly mak-
ing only 2% of the cases [2].  EOAD is often seen in patients with AD histo-
ry which explains why it is also known as familial AD or FAD. Mutation in 
autosomal dominant genes APP [4], PSEN1 [5] and PSEN2 [6] are linked to 
development of FAD characterized by aberrant cleavage and aggregation 
of the amyloid precursor protein which consequently results in Aβ plaque 
formation [7]. The most prominent research model for AD is 5xFAD mice 
that express the 5 common mutations within some of the mentioned genes: 
APP(695) related Swedish (K670N,M671L), Florida (I716V), and London 
(V7171), and the PSEN1 related M146L and L286V [2]. It is crucial to men-
tion that tau tangles are not observed in this model, so Aβ plaque is under 
focus [2]. Wild type Aβ does not express toxicity or tendency to aggregate 
and although not much is known about its primary function it is thought 
to be one of defense mechanisms in protecting the body from infection, 
repairing BBB leaks and regulating synaptic function [8, 9]. In healthy con-
trols Aβ40 isoform is found in significantly higher amounts than Aβ42 and 
is easily soluble and degraded by CSF and vascular systems. However, 
when forming oligomers with other molecules Aβ starts forming plaques 
and becoming increasingly difficult to degrade, gaining the insoluble char-
acteristics [9]. Multiple lines of research have examined the relationship 
between plaque aggregation, cognition and age, but the findings are still 
inconclusive for making usage of 5xFAD mice in preclinical research ques-
tionable [2, 10, 11].  Plaque accumulation is expected to start at the age 
of 2 months, data on cognitive impairment varies across studies [12, 13]. 
Furthermore, it has been long known that due to Thy1 promoter, female 
mice tend to develop more severe accumulation of Aβ plaques, but not 
much is known about the underlying mechanisms or the consequences per 
se [14, 15]. Studying sex related differences in Aβ pathology (Aβ40 and 
Aβ42) can be potentially linked to differences in cognition and age [12]. 

My goal in this research is to identify the relationship between 
plaque accumulation, sex and cognition measured in learning at ages 
3-6 months in mice. The research model in use is 5xFAD mice from 
C57BL/6J strain. Using the IBL task, a standardized decision-making 
task in mice which has shown consistency across different studies, and 
revealed cognitive differences between young and old mice [16], this 
research will characterize the cognitive capacity of AD mice [17]. The 
findings in this research will enable us to get a better idea about how 
the behavioral changes reflect the pathology of Alzheimer’s in mice 
and take us a step closer to understanding underlying mechanisms. 
I hypothesize that age and sex contribute to Aβ plaque accumulation 
and subsequently the onset of behavioral deterioration in 5xFAD mice.

Specific aims:

1. Identify the cognitive changes in AD mice

2. Assess the Aβ pathology in AD mice

3. Evaluate the correlation between cognitive impairments and Aβ 
pathology.

All results will be compared to wildtype control mice to set the base-
line for performance and brain condition. The male results will also be com-
pared to females to have the comparative analysis as pointed out earlier. 

Methods:

For aim 1: Following the standard protocols, we will surgically im-
plant headbars in mice and then train them in the IBL task for 30 days (RFU 
IACUC protocol B23-15). Water-restriction is used as a motivation for the 
mice to perform and learn the IBL task. IBL training consists of four steps. 
Rig play is held for four days where the mouse is left to explore the task 
apparatus and get used to head fixing for 5 minutes. Habituation lasts for 
three days where the mouse is set in the rig for 15, 30, 45 minutes consec-
utively and observes the movement of the stimulus on the screen with the 
wheel taped. The mouse receives a water reward whenever the stimulus 
moves to the center. This step aims at showing the mouse the link between 
the stimulus on the screen and water reward. Easy-stimulus training is the 
first stage of training when mice are introduced to the task of rotating the 
wheel aiming to move the depicted stimulus to the middle of the screen. 
It begins with a stimulus with two contrasts 50% and 100%. Full-stimu-
lus training is the final step after the mouse reaches 80% accuracy in each 
performance. New stimuli with contrasts lower than 50% are gradually in-
troduced where the mouse will start relying on non-stimulus information 
such as previously shown stimulus, choice, and outcome. Aim 2: Once the 
behavioral experiment is complete, methoxy-x04 will be injected intraper-
itoneally (IP) 24 hours prior to perfusion to label Aβ plaque in green fluo-
rescence. Perfusion and histology will be performed in accordance with the 
protocol. The brain slices will be analyzed through fluorescence microsco-
py. Aim 3: The extent of behavioral deficits analyzed from data obtained in 
aim 1 will be correlated with the extent of Aβ plaque pathology across mice.

Table 1: Timeline for 2024-2025

This spring, I started training 5xFAD and wild type mice on IBL 
task (Aim 2).  The findings are not sufficient to make any conclusions.
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