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Abstract. Alzheimer’s disease (AD) remains a major neurodegenerative disorder with no
effective therapy. Around 44 million people around the globe have AD, with more than 90% of
these cases being late-onset and occurring sporadically. To date, current research struggles with
an incomplete understanding of the pathogenesis of AD, a lack of reliable biomarkers to establish
diagnosis, and ineffective treatments, highlighting significant gaps in the field. In this study, the
initial changes in the brains of degus as AD begins to develop will be identified, and these
findings will be compared with non-AD brains to pinpoint primary causative factors. It is
hypothesized that early changes in the brain may trigger the development of further AD lesions.
Before and at this time, methods include periodic MRI and PET scans, as well as liquid biopsies
of blood and cerebrospinal fluid (CSF) to monitor biomarker levels and brain changes. 3D
microscopy and multiplex fluorescent immunohistochemistry will further analyze AD
biomarkers’ effects on astrocytes and microglia. The expected outcome is to understand the
spatial distribution of AD biomarkers and glial response heterogeneity, with the long-term goal
of developing therapeutic strategies to inhibit early AD progression.
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1. Introduction

Alzheimer’s disease (AD) is a progressive neurodegenerative disorder associated with aging, marked by
permanent cognitive decline and distinct pathological brain lesions that severely affect the quality of life
for those patients. Around 44 million people around the globe have AD, with more than 90% of these
cases being late-onset and occurring sporadically.[1] According to statistical data, Alzheimer’s disease
accounts for approximately 60% to 80% of all dementia cases.[2]

The etiology of sporadic Alzheimer’s disease (AD) remains elusive. To date, despite various
therapeutic interventions that can mitigate the symptoms of AD, no definitive cure exists for the
disease.[3] Most current research on AD primarily focuses on late-onset AD (LOAD). The majority of
AD patients develop LOAD, which emerges later in life and is typically sporadic. While these cases are
not hereditary and lack a single genetic cause, current research indicates several genetic risk factors are
involved, with the E4 allele of the ApoE (apolipoprotein E) gene—present in about 16% of the
population—being the most significant.[4]
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Research has identified that degus exhibits spontaneous AD-like characteristics in both cognitive
performance and neuropathology.[5] This observation suggests that degus could serve as an effective
and practical model for studying the natural progression of sporadic Alzheimer’s disease.

An experiment is proposed to investigate the early-stage changes in the degus’ brain as Alzheimer’s
disease (AD) begins to develop. This research aims to identify the primary causative factors of AD, by
observing the early change in the brain, that potentially contribute to developing more effective
therapeutic strategies.

2. Project Description

The main goal of our research is to identify the initial change in degus’ brain as AD begins to develop.
Then, compare the results with non-AD degus’s brain, in order to find out the primary causative factors
of AD. It will potentially contribute to the development of more effective therapeutic strategies by
stopping the changes in the brain.

Hypothesis: There is an initial change or sign of change at the start of AD development. The initial
change will trigger other lesions that indicate AD, such as Amyloid-p plaques, NFTs, and
neuroinflammation.

Objective 1: Identify the degus who is in the initial stage of Alzheimer’s disease development.

Methods: Prepare a group of degus from the same parents. They will grow in the same conditions.
Each degu will undergo periodic assessments to evaluate the potential onset of Alzheimer's disease.

Regular inspections to evaluate AD developing potential
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Figure 1. Degus are accessed through those inspections regularly, using blood & CSF (liquid biopsy)
and MRI & PET (imaging)
Created with BioRender.com.

Magnetic resonance imaging (MRI) can be used to diagnose AD because it provides detailed images
of the brain to identify key changes such as hippocampal atrophy, cortical thinning, and
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ventriculomegaly.[6] To diagnose AD, degus undergo high-resolution structural MRI, diffusion tensor
imaging (DTI), and possibly functional MRI (fMRI) to assess brain anatomy, white matter integrity, and
brain activity, respectively. Analyzing brain volume and cortical thickness, as well as comparing scans,
can help detect early signs and monitor disease progression.

Positron Emission Tomography (PET) imaging is used to diagnose AD by detecting metabolic
activity, NTF-like structure, and amyloid-p plaques in the brain.[6] PET scans involve injecting a
radioactive tracer, such as fluorodeoxyglucose (FDG) to measure glucose metabolism or amyloid-
specific tracers to visualize amyloid deposits. Reduced glucose metabolism in regions like the posterior
cingulate, precuneus, and parietal lobes indicates AD. Amyloid PET imaging identifies amyloid plaque
accumulation, a hallmark of AD. PET imaging aids in early diagnosis, distinguishing AD from other
dementias, and monitoring disease progression by providing detailed functional and biochemical
information about brain activity.

Liquid biopsy of cerebrospinal fluid (CSF) is used to diagnose AD by analyzing specific
biomarkers.[7][8] CSF is collected via arteria dorsalis spinalis, and the levels of amyloid-f, total tau,
and phosphorylated tau proteins are measured. [9][10][11] increased amyloid-p and raised tau levels
indicate AD. [12] This approach helps in the early identification of AD from other dementias together
with the tracking of the progression of the disease due to its demonstration of biochemical realities in
the brains of patients.

/arteria dorsalis spinalis

Figure 2. CSF is collected via arteria dorsalis spinalis
Created with BioRender.com.

Liquid biopsy of blood for diagnosing AD involves measuring biomarkers such as amyloid-f, total
tau, and phosphorylated tau proteins.[13][14] Blood samples are collected and analyzed for these
markers, with increased amyloid-p and raised tau levels indicating AD.[12][15] This non-invasive
method allows for early detection, differentiation from other dementias, and monitoring of disease
progression by providing valuable biochemical information about brain pathology.

Degus undergo these inspections monthly. By observing subtle changes and trends in the results, it
is possible to identify degus that are developing AD.

Expected Results:

Aged Outbred degus will spontaneously develop AD in the patient’s brain. It is expected that the
regular inspections on degus will show changes in degus’ body that indicate AD is starting to develop
in their brain. Those degus will be grouped as AD-developing degus.

Liquid biopsy of blood: It is expected to show the presence of amyloid-B, total tau, and
phosphorylated tau proteins.
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Liquid biopsy of CSF: It is expected to show the presence of amyloid-, total tau, and phosphorylated
tau proteins.

MRI: It is expected to show hippocampal atrophy, cortical thinning, and enlarged ventricles, which
signify brain tissue loss. DTI shows white matter degradation and loss of integrity.

PET: It is expected to show changes in brain metabolism (like a decrease in glucose) and the presence
of amyloid plaques.

In contrast, I expect at least one of those four tests to show a sign of AD developing in the degus
brain.

Objective 2: Identify the initial changes in degus’ brain at the start of Alzheimer’s disease
development.

Methods: 3D microscopy analysis: Degus that showed AD-developing features will be euthanized.
Brain tissue is sampled at autopsy in coronal sections and fresh tissue is flash-frozen in cassettes. Fresh
frozen tissue samples are then sectioned on a cryostat at 5 um thick. The samples will be prepared on
glass slides and subjected to immunofluorescent staining to highlight amyloid-§ and tau protein. Neuron
images are captured using a Leica SP8 confocal microscope equipped with LAS X LIGHTNING for
deconvolution. Imaris software is then utilized for 3D image reconstruction and quantitative analysis of
neuronal endosomes.[16] It is applied to achieve highly stereoscopic imaging of the brain tissues of
degus with emerging AD and healthy ones. Thanks to the comparison of neuronal cells, amyloid-f3
accumulation, tau protein deposition among other relevant features, a comprehensive insight into the
progression of the disease can be provided.
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Figure 3. Steps of 3D imaging
Created with BioRender.com.

Cyclic multiplex fluorescent immunohistochemistry combined with machine learning models [17]:
cyclic MFI is considered as a very advanced imaging method employed in analysis of tissue samples of
great architecture. This method implies the use of staining, imaging and washing steps in a sequential
manner on the correspondent tissue section. In each round, certain antibodies conjugated to fluorescent
probes are employed for marking proteins or any other molecule of interest present in the tissue. After
the imaging, the signals are quenched and the process continues with a new set of fluorophore-labelled
antibodies. This enables the analysis of several biomarkers in a given tissue section at the same time. It
is especially useful for mapping protein distribution and their association within tissues with high
complexity such as the tissue of the Alzheimer’s disease brains. The integration of M1 with cyclic MFI
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improves the efficiency of handling the large datasets of high-order dimensions that are produced. This
data can easily be fed to an algorithm with capabilities of analyzing and drawing correlations and
patterns which would otherwise be hard for one to notice. By employing the aforementioned approach,
the development, and progression of Alzheimer’s disease (AD) shall be expounded in addition to
analyzing the impact of tau protein and amyloid-f on astrocytes, microglia, and other neuronal cells in
the degus’ brain.[18]
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Figure 4. Operation timeline and workflow of cyclic multiplex fluorescent immunohistochemistry and
machine learning-based quantitative image analysis.
Adapted from the previous paper. [17]

Expected Results:

When comparing the 3D immunofluorescent images and multiplex fluorescent
immunohistochemistry results of AD-developing degus with those of healthy non-AD degus, several
subtle but significant differences are expected to be observed.

3D immunofluorescent microscopy analysis: It is expected to see the distribution of AD biomarkers
(tau protein & amyloid-P) in the brains of degus. This analysis is intended to provide insights into the
progression and development of early-onset AD. Understanding the spatial distribution of these
biomarkers can also help identify specific brain regions where AD pathology may initially manifest.
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Figure 5. Example of high magnification images of a neuron imaged from Case 9 parietal cortex, stained
with cortical neuron marker MAP2 in red, early endosome marker EEA1 in green, and DAPI nuclear
marker. In the case of Imaris early endosome analysis, the following is an example of data output that
may be obtained. Adapted from the previous paper. [16]

Cyclic multiplex fluorescent immunohistochemistry: It is expected to observe alterations in
astrocytes, microglia, and other neuronal cells. Such changes may provide valuable insights into the
progression of AD and the heterogeneity of glial responses associated with the condition.
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Figure 6. Example of a high-plex image of microglia from an AD subject. For clarity, only IBAI,
TMEM119, and CD68 markers are shown together with AB. Scale bar: 100 pm, insets c1—c3: 10 pm.
Histograms indicate the proportion of each microglial phenotype with respect to all AD microglial
profiles as a function of the distance (um, x axis) to the nearest AP plaque or PHF1+ NFT. Reactive
microglia were relatively more closely associated with AD neuropathological changes than intermediate
microglia, and these more than homeostatic microglia. Adapted from the previous paper. [17]

3. Future trajectories
Objective 3: Find a method to inhibit the early development of AD in the brain as a therapeutic strategy.
Further Directions (Planning): Conduct further research that focuses on inhibiting early
pathological changes in the brain that may initiate or exacerbate subsequent neurodegenerative processes.
The additional objective is to inhibit the production of molecules that contribute to the formation of
brain lesions and to remove these pathogenic molecules from the system.
By focusing on these early intervention strategies, I aim to not only improve our understanding of
the underlying mechanisms driving neurodegeneration but also develop novel therapeutic approaches
that can be applied at earlier stages of the disease.

4. Conclusion

The study provides critical insights into the initial neuropathological changes occurring in the brains of
degus during the onset of Alzheimer’s disease (AD). By characterizing these early changes and
comparing them with non-AD brains, this research aims to identify the primary causative factors
responsible for the progression of AD. The use of advanced techniques such as 3D microscopy,
multiplex fluorescent immunohistochemistry, MRI, and PET imaging allows for a detailed analysis of
the spatial distribution of AD biomarkers, including amyloid-f and tau proteins, as well as the glial
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responses, particularly in astrocytes and microglia. The findings are expected to reveal early-stage
alterations in neuronal and glial cells that may serve as key indicators of disease onset. By enhancing
our understanding of these initial changes, this research contributes to the broader effort of developing
more effective therapeutic strategies aimed at inhibiting the early progression of AD.
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