Distribution Agreement

In presenting this thesis as a partial fulfillment of the requirements for a degree from Emory
University, | hereby grant to Emory University and its agents the non-exclusive license to
archive, make accessible, and display my thesis in whole or in part in all forms of media, now or
hereafter now, including display on the World Wide Web. | understand that I may select some
access restrictions as part of the online submission of this thesis. I retain all ownership rights to
the copyright of the thesis. | also retain the right to use in future works (such as articles or books)

all or part of this thesis.

Carol Zhu April 5, 2021



APPKO mice exhibit dysphagia symptoms separate from whole body sarcopenia

By

Carol Zhu

Hyojung Choo, Ph.D

Adviser

Department of Biology

Hyojung Choo, Ph.D

Adviser

Rachelle Spell, Ph.D

Committee Member

Astrid Prinz, Ph.D

Committee Member

2021



APPKO mice exhibit dysphagia symptoms separate from whole body sarcopenia

By

Carol Zhu

Hyojung Choo, Ph.D

Adviser

An abstract of
a thesis submitted to the Faculty of Emory College of Arts and Sciences
of Emory University in partial fulfillment
of the requirements of the degree of

Bachelor of Sciences with Honors

Department of Biology

2021



Abstract
APPKO mice exhibit dysphagia symptoms separate from whole body sarcopenia
By Carol Zhu

As the global population of elderly individuals continues to increase, economic and
healthcare systems are strained by their need for long term care. One prevalent disease that
impacts this demographic is Alzheimer’s Disease, making up more than half of dementia case,
defined as general symptoms of cognitive decline. In addition to the accumulation of 3-amyloid
plaques and worsening cognitive decline, other common early symptoms of Alzheimer’s include
body weight loss, sarcopenia (loss of muscle mass), and dysphagia (difficulty swallowing), used
as early diagnostic tools. This paper utilizes an APPKO mouse model with an amyloid precursor
protein double knockout to study the relationship between sarcopenia and dysphagia, measured
through lick rate. We hypothesized that APPKO mice exhibit dysphagia which leads to
sarcopenia and body weight loss. This would be determined by phenotypic analysis,
measurement of muscle fiber cross sectional area, and behavioral analysis. Our findings indicate
that APPKO mice exhibit decreased body weight, slower rate of growth, and decreased lick
speeds, although food and water consumption remain within normal range. Additionally,
APPKO mice exhibit decreased endurance, locomotor activity, and TA muscle fiber size. Our
findings suggest that behavioral and muscular deficiencies are independent of nutrient intake

despite reduced pharynx muscle size.
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Introduction:

Elderly populations suffer from high rates of dementia:

The elderly population, commonly defined as individuals 65 years or older, has been
rapidly growing throughout the past century at twice the rate as younger populations [, Despite
advancements in medical technology, mortality rates for the elderly continue to rise, especially
those related to cognitive declinel?l. The disproportionate amount of resources that elderly
patients consume places a growing strain on healthcare systems [3-¢1. A prevalent long-term
illness that many elderly patients face is dementia, used as a general term to describe various
forms of cognitive decline. Dementia is not characterized as a singular disease but is often a
marker of underlying brain disorders. While treatment may help symptoms, there is currently no
known cure for dementia, making early diagnosis critical for ameliorating or delaying severe
symptoms. Both the proportion and population of dementia patients are increasing, and the total
number of affected individuals worldwide is projected to exceed 110 million by 2050 371,
emphasizing the importance of improving early diagnostic criteria.

While dementia can be a marker for a number of underlying causes such as vascular
blockages and strokes, the most common cause is due to Alzheimer’s disease. Specifically,
Alzheimer’s disease (AD) makes up more than half of dementia cases [#%land is the 6th most
common cause of death in the US [*%, Despite the prevalence of Alzheimer’s disease and the
rapidly increasing at-risk population, there is still much we do not know about the connections

between the neurological, physiological, and behavioral symptoms.



Alzheimer’s Disease presents in a range of neurodegenerative, cognitive, and physiological
symptoms:

Alzheimer’s disease in a neurodegenerative disorder that presents itself through either major
or minor cognitive decline. Major cognitive decline is characterized by significant interference
with the patient’s daily functioning such as periods of significant confusion, difficulty thinking,
forgetfulness, or inability to recognize common objects or people [*11. Other diagnostic tools
include analysis of cerebral spinal fluid and brain imaging using MRIs or CT scans, but the high
cost of these tests creates an accessibility barrier. It is important to note that, while Alzheimer’s
disease cannot be definitively diagnosed until post-mortem autopsy confirms the presence of
amyloid plaques in brain tissues, advancements in imaging techniques and non-neurological
early diagnostic criteria have allowed for higher accuracy of diagnosis.

Examination of a patient’s physiological symptoms may provide clarity when differentiating
a diagnosis of Alzheimer’s disease from dementia. On average, 75% of AD patients exhibit
dysphagia symptoms such as difficulty eating and drinking or choking [*2. The number of
dysphagic patients ranges as high as 89% in late stage individuals, but, even in the early stages,
around half of patients are dysphagic, indicating that dysphagia is a marker for AD throughout
all stages, even when there is little cognitive decline [*2l. Dysphagia increases the risk for
aspiration pneumonia even in early stages and also poses the risk of nutrient deficiencies that
may lead to weight loss (31,

Physiologically, patients with Alzheimer’s disease experience accelerated body weight loss
that is also associated with loss of total brain volume, white matter, and cognitive performance
[141, Conversely, weight gain seemed to be an ameliorating factor for the progression of

Alzheimer’s disease while subjects who lost weight tended to progress faster and exhibit more



severe symptoms [°], However, it is unclear if these symptoms are a direct or indirect
consequence of Alzheimer’s disease or age-related physiological muscle loss, known as
sarcopenia 141,

Cognitive and neurological trends tend to be noticed in mid to late-stage patients. In early
stages, when there is little to no cognitive decline, markers such as sarcopenia and dysphagia are
used as diagnostic criteria. Weight loss has long been considered as one of the criteria for the
clinical diagnosis of dementia [*®1, which affects many patients prior to development and
diagnosis of Alzheimer’s. Long term studies have now shown that these changes occur prior to
cognitive decline in Alzheimer’s patients, indicating that they are not just due to pre-Alzheimer’s
dementia, and that weight loss may be used as an early diagnosis specifically for Alzheimer’s
[171, Specifically, sarcopenia (loss of muscle mass), decreased muscle strength, and slow gait are
also considered early non-cognitive features of ADI!8l, The loss of muscle mass, as opposed to
fat or bone density, has been linked to cognitive defects!*®] and is considered to be a risk factor
that precedes cognitive declinel?%l. However, sarcopenia is more difficult to diagnose due to a
lack of consensus regarding diagnostic cutoffs in clinical settings so general weight loss is more
commonly used as a marker for elderly patients [*°]. Individuals exhibit doubled weight loss at
around 1.2 pounds per year compared to normal, age-related weight loss starting around 1 year
before diagnosis of Alzheimer’s 211, Understanding the mechanisms of sarcopenia may help us
create clearer diagnostic criteria, so that treatment may begin even prior to cognitive defects.
Understanding age related muscular weakness (sarcopenia):

Skeletal muscle comprises nearly half of total human body mass and is capable of an
incredible range of fine and gross motor skills. However, with age, muscle mass, strength, and

endurance decrease due to decreases in synthesis rates of muscle proteins and mitochondrial



proteins necessary for ATP production [?21. These factors are also impacted by lifestyle factors
such as nutrient intake, growth hormone levels, and testosterone levels.

In elderly individuals, sarcopenia has been proposed as a marker of biological age, separate
from chronological age 2%, but the quantity and quality of nutrition are important factors that
may ameliorate the pathogenesis of frailty and sarcopenia [24. Ingesting a high protein diet is
crucial to protecting against sarcopenia, and it is recommended that elderly patients consume
1.67 times as much protein per kilogram of body weight as compared to health adults [?°],
However, protein deficiencies are a notable characteristic in sarcopenic elderly patients [26],
perhaps due to difficulties with mastication. In conjunction with poor nutrition, other lifestyle
changes such as decreased exercise, especially outdoors, may lead to Vitamin D deficiencies that
are also implicated in sarcopenia severity [?7:281, It is also important to note that muscle
denervation and changes in neuromuscular junction (NMJ) remodeling are markers of aging, as
well as sarcopenia and muscular atrophy 2%, Ageing is a complicated process involving a myriad
of factors. Thus, it may be difficult to ascertain the impacts of Alzheimer’s pathology on these
factors separately from normal aging. Mouse models such as the APPKO strain, which show
early stage defects, allows us to study the muscular effects of Alzheimer’s mutations prior to

neuropathological changes and separate them from the aging processes.

Amyloid protein precursor mutations in mice provide an applicable modelling scheme.

From the neurological side, AD is characterized by B amyloid plaques, created from an
overproduction and aggregation of the A protein. AP proteins range from 39-42 amino acids
long and are made from cleaving B amyloid precursor proteins (APP) in the A region using -
secretase followed by y-secretase (%1, The most common products are 40 and 42 amino acid

peptides, known respectively as AP 40 and AP 42. Cleavage failure leads to aggregation of Af,



which injures neurons, leads to neuroinflammation and eventually neuronal loss that are also
signs of Alzheimer’s disease 3. Mutations in the APP gene and within the APP family result in
the production of longer AP peptides that aggregate more easily [*1l. Many of these lead to higher
extracellular concentrations of AB42, which are deposited early in senile plaques in all forms of
Alzheimer’s disease [%2. Decreased levels of AB 42 and 40 in cerebral spinal fluid and changes in
the AP 42:40 ratio have been considered as an early biomarker of Alzheimer’s, indicating
accumulation within the brain, although the direction of associations for each component is
inconclusive [*3, These findings are reflected in mouse models as well. In transgenic
APP695SWE mice, a precursor model to the one used in this study, there is a dramatic increase

in AB 42 levels between 6 and 7 months 341,

APP mutations clearly play an important role in Alzheimer’s progression and were used in
some of the first mouse models to study AD. Many lines of APP mice develop age-dependent
amyloid pathology representative of Alzheimer’s disease, even when crossed with other AD
mutation models such as one that overexpresses the PSEN1 protein 331, However, few lines seek
to emulate the early onset symptoms of dysphagia and sarcopenia with the notable exception of
the APP knockout (null) model. These mice have no detectable transcriptional or translational
APP gene product, nor do they exhibit behavioral or physical abnormalities at birth (361, With age,
they exhibit the impaired learning and memory performance characteristics of Alzheimer’s
mouse models, as well as consistently ~15% lower body weight [361. However, there is no
significant loss of hippocampal neurons or synaptic boutons (axon terminals), indicating that
these deficiencies occur prior to noticeable cognitive decline 571,

A more popular mouse model utilizes the APP695SWE mutation which exhibits elevated Ap

42 levels combined with a L166P mutation in the PSEN1 gene. PSEN1, also known as



Presenilin-1, functions as the catalytic subunit of the y-secretase enzyme involved in cleavage!®],
and its mutations are the most common source of familial Alzheimer’s disease (FAD), which
makes up 15-25% of all AD cases [*°l. While these APP/PS1 mice do not exhibit the
physiological defects that APP knockout mice do, they exhibit early age amyloid accumulation
beginning from 6 weeks of age in the neocortex, which spreads through the rest of the brain
through 4-5 months (1. The accumulation of amyloid plaques, cognitive impairment and
neuronal loss (11 makes this mouse model an excellent representation of Alzheimer’s disease that

is commonly used in current research.

Experimental objective and hypothesis:

This paper aims to identify the relationship between dysphagia and sarcopenia in an APP
knockout mouse model, known to display reduced body weight and muscular deficiencies. We
will measure food and water consumption to determine if dysphagia occurs prior to and induces
body weight and composition deficiencies. Additionally, we will investigate differences in
muscle histology between craniofacial swallowing and limbic muscles. Phenotypic analysis will
also be conducted on APP/PS1 mice to determine if findings can have a broader application, as
these mice are the more commonly studied model. We expected APPKO mice to exhibit
impaired food and water consumption due to dysphagia, as well as atrophy of swallowing
muscles that cause sarcopenia. However, the similarities in consumption data and early onset of
body weight loss indicates that dysphagia is not a cause of sarcopenia despite atrophy in pharynx
muscles. Understanding the relationships between early diagnostic markers allows for increased

accuracy of detection and may enhance the accuracy of early diagnosis procedures.



Methodology

Experimental Mice

Two mouse models, C57BL/6J mice (wild type, Jax000664), App™Pbr/J mice (APP null,
Jax004133) were purchased from Jackson Laboratories (Bar Harbor, ME; www.jax.org). APP
null (APPKO) male mice (n=3) and wild type (WT) male mice (n=4) were utilized in these
experiments. Eight to 18 weeks old mice were used as noted in figure legends. Additionally, an
APP PS1 mouse model (B6.Cg-Tg(APPswe,PSEN1dE9)85Dbo/Mmjax) was used to determine
if findings were applicable to other AD mouse models. Experiments were performed in
accordance with approved guidelines and ethical approval from Emory University’s Institutional

Animal Care and Use Committee and in compliance with the National Institutes of Health.

Food and water consumption.

At the start (day 1) of weeks 8, 9, 10, and 16, mice were weighed and placed in individual
cages with 25mL water pipettes with graduated 0.2mL markings and a predetermined amount of
food pellets. Body weight, water level, and remaining food weight were recorded from day 1
through day 4 every 24 hours. If leakage occurred in the water pipettes, data from all three
categories from that day was excluded from analysis as water consumption positively correlates
with food consumption and body weight.

Dysphagia assays

At the end of day 4 of food and water consumption experiments, water pipettes are
removed for 16 hours overnight to motivate drinking for lick speed analysis on next day. Pipettes
are replaced one at a time and mice are recorded for a total of approximately 30 seconds of

drinking. Videos are exported to an editing app such as iMovie and slowed down 10x in order to


http://www.jax/

determine the number of licks per second. Week 7 was used as an acclimation period for water

pipette usage before dysphagia experiments.

Rotarod experiments

Mice (17 weeks old) were introduced to the rotarod machine one at a time using a
modified version of the Standard Operating Procedure from Dr. Stacey J Sukoff Rizzo (Jackson
Laboratory Mouse Neurobehavioral Phenotyping Facility). Mice were introduced one at a time at
a constant speed of 20rpm for five trials, with a maximum time of 300 seconds per trial. Prior to
placing each mouse and in between subjects, the rod and trip plate were sanitized with 70%
EtOH solution and urine and feces were removed. Experiments were conducted over four days at
increasing speeds of 20, 25, and 30rpm with one day of training.
Muscle collection

Mice were euthanized at 18 weeks following rotarod experiments using 5% isoflurane
soaked on a cotton ball in a closed container, followed by spinal dislocation to ensure death.
Three craniofacial muscles (pharynx, masseter, and tongue) and four limb muscles (left and right
TA, left and right GA) were collected and frozen in OCT and cooled using methylbutane
suspended above liquid nitrogen. TA and GA muscle weight and total body weight were
measured prior to freezing.
Cryostat sectioning

A representative craniofacial muscle (pharynx) and limb muscle (TA) are dissected from
APPKO (n=3) and WT mice (n =4) and sectioned using a cryostat at 10pum thickness. Sections

are mounted on Superfrost slides and stored in a -20°C freezer until staining.



Immunofluorescence staining

Muscle sections are immunostained for laminin and DAPI. Sections are first blocked off with
a hydrophobic PAP pen before being immersed in blocking solutions, comprised of 50uL 5%
donkey serum (DS) and 100uL 10% bovine serum albumin (BSA) in ImL PBST for 1 hour at
room temperature. Then, primary antibody solution of 1:400 rabbit laminin in PBST is applied
overnight at 4°C. Sections are washed five times for three minutes each with PBST before
secondary antibody solution is added, which is comprised of 1:200 donkey anti rabbit FITC in
PBST for 1 hour at room temperature. Following another five rounds of three-minute washing
with PBST, a PBS wash is added for five minutes. Then, slides are soaked in 1:1000 4',6-
diamidino-2-phenylindole (DAPI) in PBS for 2 minutes. Following one last PBS wash, slides are
mounted in Vectashield and sealed with nail polish and a cover slide.

In order to visualize the histology of sections, H&E staining was done using a 2-minute soak
in hematoxylin, followed by 2 washes, 1 minute in Scott’s Water, 1 wash, and 1 minute each in
each of the following solutions: Eosin, 95% EtOH, 95% EtOH, 100% EtOH, 100% EtOH, 1:1
50% EtOH and 50% xylene, 100% xylene, 100% xylene. Lastly, slides are mounted in toluene
and sealed with nail polish.

Images are taken using a fluorescent microscope at 10x magnification with embedded size
metadata.

Data interpretation:

Laminin and DAPI stained muscles are imaged using a fluorescence microscope and
analyzed using an ImageJ macro (Myosoft)[? to count total fiber number and average cross
sectional area of fibers. This data will be compared between craniofacial and limb groups as well

as between experimental and control mice to determine if muscle size is different in an APPKO



mouse model. Furthermore, H&E stained muscles will be used to determine physiological markers
to ensure that the areas analyzed are consistent between samples.
Statistical Analysis:

Amount of food and water consumed and change in body weight were averaged for each
group and compiled by week to compare rate of change. Time and number of tongue protrusions
for each dysphagia assay video were summed for each mouse and averaged by week for both
groups. Muscle weight data was determined as a percentage of muscle weight to total body weight.
Immunofluorescence staining was analyzed using Myosoft, an ImageJ macro [“2l. Cross sectional
areas of muscle fibers are averaged for each group for comparison. All statistical analysis is
conducted using Prism using standard thresholds of *p<0.05 and **p<0.01 to determine

significance.
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Figure 1: APPKO mice exhibit lower body weight and rate of growth compared to

WT. (*p<0.05, **p<0.01). a) Body weight and rate of growth over time. b) Comparisons of body

weight at week 16. APPKO body weight is comparable to SOD%%4 (ALS model) while

APP/PS1 (AD model) mice are comparable to WT. Data were measured weekly and averaged

from 7-10 weeks and 16 weeks. SODC%A mice were used as a positive control as they are known

to exhibit decreased body weight. Bars represent SEM. Two tailed t tests were conducted

between all group pairings for each week.

In order to determine body weight differences between APPKO and WT mice, we

tracked body weight starting from adolescence (7 weeks) until early adulthood (16 weeks)

(Figure 1). Data revealed around a 9.7% difference between experimental and control groups



week 7, which grew to 13.6% by week 16. Additionally, linear regression revealed that the rate
of growth for APPKO mice was slower compared to WT mice. Linear regression indicated a
growth rate of 0.3482 g/week for APPKO mice and 0.5347g/week for WT mice (Figure 1).
Comparison to a positive control of 16 weeks old SOD%%A mice revealed that APPKO body
weights were comparable at 16 weeks. APP/PS1 mice, another commonly used AD mouse
model exhibited similarly low body weight as APPKO mice at 9 weeks. However, by 16 weeks,
body weight data was consistent with WT mice and significantly higher than APPKO body
weight. Comparison of data at week 16 revealed similarities between WT and APP/PS1 groups,

while both groups had higher body weight compared to APPKO and SOD mice.
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Figure 2: APPKO mice exhibit slower lick speeds beginning at 10 weeks a) Lick rate from
weeks 9, 10 and 16. b) Comparison of lick rates at week 16. Approximately 30 seconds of
drinking were recorded and analyzed for the number of tongue protrusions per second. Male
mice were utilized at 9, 10, and 16 weeks of age. SOD®%* mice were used as a positive control
as they are known to exhibit dysphagia. Error bars represent SEM. SEM is too small for
visualization in 16-week APPKO mice (n=3). Two tailed t tests were conducted between

APPKO, APP/PS1 and WT groups at all available weeks (*p<0.05)

In conjunction with body weight data, we also tracked lick speeds of male mice as a
measure of drinking capability and dysphagia (Figure 2). Lick rate was determined to be similar
from at 9 weeks for both groups. However, lick rates begin to diverge at 10 weeks. APPKO mice
exhibited significantly lower lick rates, with an average of 7.87 licks per second for APPKO
mice and 8.65 licks per second for WT mice. At 16 weeks, difference increases with an average
of 7.51 licks per second for APPKO mice and 8.38 licks per second for WT mice. Similar to

body weight results, APPKO mice exhibit similarly slow lick rates to the SOD%%A (ALS mouse



model) mice, used as a positive control group. Preliminary comparison to APP/PS1 mouse
models at 9 weeks revealed no significant difference compared to WT. Data from the week 16
dysphagia assay indicates that APP/PSL1 lick rates are comparable to WT and significantly higher

than APPKO lick rate.
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Figure 3. APPKO mice exhibit few differences in consumption rates compared to
WT (*p<0.05, **p<0.01). a) Food consumption remains within normal range. WT mice exhibit
higher food consumption compared to APPKO mice at week 10. APP/PS1 mice exhibit higher
food consumption compared to APPKO mice at week 16. b) Water consumption remains within
normal range. APP/PS1 mice exhibit higher water consumption compared to APPKO mice at
week 9. Bars represent SEM. Two tailed t tests were conducted between all group pairings per

week. Male mice aged 7, 8, 9, 10, and 16 weeks were individually studied for four consecutive



days prior to dysphagia assay experiments. Measurements were taken at the same time every day

to ensure consistency.

We were interested in food and water consumption levels both as an indicator of
swallowing success and a possible contributing factor to body weight differences. Despite
differences in body weight, rate of growth and licking speeds, no consistent differences were
observed in food and water consumption data for any of the four groups. Food and water
consumption trends are poorly described in Alzheimer’s mouse models. However, all groups of
mice remained within generally accepted ranges of 4.3 +/- 1.1 g per 30 g body weight to 8.8 +/-
0.2 g per 30 g body weight for food consumption, and 3.9 +/- 0.2 ml/mouse to 8.2 +/- 0.3
ml/mouse for water consumption!*3l, Comparisons were conducted at 10 weeks consistent with

prior studiest 3],
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Figure 4a. APPKO mice exhibit decreased rotarod performance at high speeds Following
one day of training, each male mouse aged 17 weeks underwent a maximum of 5 trials capped at
300 seconds each at speeds of 20, 25 and 30 revolutions per minute (rpm). Trials for each speed
were conducted on separate days. Error bars represent SEM. All WT mice were able to reach
maximum endurance of 300 seconds at 30 rpm. Two tailed t tests were conducted for APPKO

and WT groups for each week (*p<0.05).

In order to determine if there were locomotor and grip strength defects, all mice
underwent a rotarod endurance test at 17 weeks, following the last week of tracking and
dysphagia experiments. Rotarod endurance tests, administered at 20, 25, and 30 rpm revealed
differences in overall success, as well as success rates of maximum endurance between groups.
Although there were no significant differences between performances at 20 and 25 rpm, APPKO

mice exhibit decreased endurance times compared to WT mice at 30rpm.
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Figure 4b: APPKO mice consistently exhibit decreased endurance. Success rate for
rotarod performance of 17-week-old male mice was averaged across performances at all three
speeds. Success rate was defined as the percentage of mice who were able to reach the maximum
endurance time of 300 seconds. Error bars indicate SEM. All WT mice were able to reach

complete success by trial #3 so SEM is 0.

As a measure of learning success and endurance, the success rate was determined for
each of the 5 trials and averaged between the three speeds. Quantitative data shows that WT
were consistently able to reach the maximum endurance time of 300 seconds at all three speeds,
while all three APPKO mice failed in all trials at 30 rpm. Additionally, WT mice were
consistently able to reach maximum time in fewer trials compared to APPKO mice, as seen
through the higher success rate. These findings are consistent on average, and across all three

speeds (Supplemental Figure 1).
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Figure 5: APPKO mice exhibit decreased TA muscle mass (*p<0.05). WT mice exhibit higher
absolute muscle mass for TA (tibialis anterior) but not GA (gastrocnemius) limb muscles.
Samples from both left and right hindlimbs were collected from male mice aged 18 weeks and
weighed prior to freezing. Bars indicate SEM. Two tailed t tests were conducted between

APPKO and WT groups for each muscle type.

In order to determine limb muscle deficiencies that could explain the poor rotarod
performance of APPKO mice, TA and GA muscles were weighed and normalized against total
body weight data. Comparison of muscle weight was done only on TA and GA data due to the
ease of whole sample collection. The absolute weight of TA but not GA muscles of APPKO
mice were decreased compared to WT mice. Larger variation in GA muscles may be due to

difficulties with dissection due to its more proximal location to the body.
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Figure 6: Representative images of TA and pharynx sections. a) Close up image of TA
muscle fibers. b) Close up image of target CP (cricopharyngeal bar) area. Muscles were

cryosectioned at 18 weeks and stained with anti-laminin antibody (green fluorescence).
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Figure 7. APPKO mice exhibit similar fiber size in pharynx and TA muscles a) WT TA

muscle have a bimodal distribution. TA fiber size is equivalent between groups. Whole section
images were analyzed for TA muscles. Distributions for all mice were averaged b) APPKO
pharynx cross sectional area is equivalent between groups. Distributions for all mice were
averaged. Landmarks for pharynx analysis were determined using H&E staining. Muscles were
cryosectioned at 18 weeks and stained with anti-laminin antibody (green fluorescence). WT
pharynx has sample size n=2 due to loss of samples during handling. Two-way ANOVA was

conducted between samples, +/- SEM pictured.

In order to determine if there were differences in muscle histology, muscles were
membrane stained using laminin to determine cross sectional area. Pharynx, specifically the
cricopharyngeal bar, was chosen as a representative craniofacial muscle due to its importance in
swallowing function and TA (tibialis anterior) was chosen as the representative limb muscle due

to its importance in gross motor function. Average cross-sectional area of muscle fibers was



analyzed to determine if findings were consistent across muscle groups. Comparison of TA
muscle size revealed comparable APPKO muscle fiber cross sectional area size compared to
WT. Pharynx cross sectional area was smaller for APPKO mice, although the small sample size

of WT mice presented challenges for statistical analysis.



Discussion:

Overall findings and implications:

We found that APPKO mice exhibited lower body weights and dysphagia symptoms,
determined through slower lick rate. However, food and water consumption data revealed no
differences and low body weight precedes onset of dysphagia, indicating that dysphagia does not
cause sarcopenia. APPKO mice also exhibit decreased locomotor function and endurance in
rotarod trials at high speeds, as well as lower rates of success which may be indicative of
cognitive defects or defects in fine motor skill such as decreased strength. Despite similarities in
compiled CSA data, decreased cross sectional area of pharynx muscles and TA muscles when
compiled by mouse indicates defects in both swallowing muscles and limb muscles but to
differing degrees. APPKO mice exhibit early-stage physiological defects such as decreased body
weight and growth rate, as well as decreased locomotor activity possibly indicative of cognitive
defects earlier than expected. Body weight, food, water, and lick rate data from APP/PS1 mice
through 16 weeks indicate that APP/PS1 exhibit physical phenotypes comparable to WT.
Therefore, the findings in this paper are not applicable to general Alzheimer’s disease studies or
other mouse models.

Body weight results:

Both APPKO and WT mice in this study exhibited lower body weights than previously
reported, perhaps due to metabolic of activity differences. Increased activity or decreased ability
to incorporate nutrients could explain the differences in body weight and growth despite
similarities in food intake. At 9 weeks of age, Zheng et all**I noted an average body weight of
28.7 +/- 1.1g for male wild type mice, significantly higher than the 22.37 average noted in my

group. APPKO mice were averaged at 23.0g +/- 0.3, while corresponding mice in this study



averaged around 20.22g (Figure 1). Despite differences in overall body weight, data seems to
confirm previous findings that the APP null mouse model exhibits decreased body weight as well
as a slower rate of growth, although with a smaller difference. APPKO mice in this study exhibit
9-13% lower body weight compared to the previously reported 15% [,

Dysphagia results:

Most current research focuses on neuropathology of AD mouse models as well as
behavioral or learning defects. This paper presents evidence that an APP knockout mouse model
displays symptoms of dysphagia beginning at 10 weeks as expected, shortly before reaching
maturation and adulthood at 3 months. Although the time limitations of this study prevented
further analysis, these dysphagia symptoms are shown to persist into adulthood until at least 16
weeks (Figure 2). Together these data confirm that the APP knockout mouse model is an
accurate model to study sarcopenia and dysphagia. Although APP/PS1 data is preliminary, the
similarity of results suggests that these findings are applicable to other AD mouse models as
well.

Food and water consumption results:

Food and water consumption data revealed overall lower than average food and water
consumption in APPKO mice but no statistical difference between groups. Circadian rhythm
disruptions have been shown to significantly impact mouse food and water consumption.
Average food consumption for 7-10-week-old mice over 4 days ranged from 20.36+/- 0.53
under normal light/dark conditions, to 18.03 +/- 0.36g under constant light conditions. The same
group of mice drank on average 30.06 +/- 1.22 mL under normal conditions but only 26.17 +/-
0.63 mL under constant light conditions[*4l. When adjusted to daily consumption rates as

measured in this study, mice in constant light conditions ingested approximately 4.5¢g of food and



6.5 mL of water per day. While lights in the experimental room were turned off at the end of
each day, ambient light from the external lab could have affected circadian rhythm and therefore
food and water consumption. While food and water consumption are independent from each
other, constant light and changes in circadian rhythm are known to affect both[*l,

Additionally, while dysphagia symptoms were noted in APPKO mice, it is possible that
mice compensate by taking longer to eat and drink. A final explanation for these data may be due
to the notable engineering difficulties we faced during pipette construction. If leakage was noted
overnight, both food and data consumption from that day was excluded during analysis meaning
that the sample size was less than ideal. Additionally, air bubble could be trapped within the
drinking apparatus, preventing water from moving downwards and thus skew measured data.
Pipette construction must be improved for further studies, perhaps through a sealed system that
can be weighed to determine changes in water level. However, it is important to note that the
pipette tip is a necessary part of the construction to allow mice time to acclimate to the drinking
system prior to dysphagia assays. The similarities in consumption data seems to indicate that
decreased body weight and growth are not due to nutritional defects stemming from dysphagia

symptoms. Rather, muscular and behavioral defects are independent from nutrient intake.

Analysis of locomotor function findings

Rotarod data experiments further confirmed muscular and behavioral deficiencies in
APPKO mice. Due to procedural limitations, the maximum length of time that a mouse could
stay on the machine was 300 seconds per trial, thus preventing us from gathering a complete
measure of endurance. Additionally, capping the endurance time skews data during analysis.
However, comparison of average endurance time and qualitative observations of raw data

confirmed observations by Zheng et. al of reduced forelimb grip strength, necessary for the



climbing movement required in the rotarod experiments and general decreased locomotor
activity 131, In conjunction with dysphagia and body weight data, this further confirms the
muscle defects in APP knockout mice and suggests that it affects both limb and craniofacial

muscles.

Muscle histology analysis:

While many diagnostic criteria such as cognitive decline tend to be noticed after
significant amyloid protein accumulation, there is also evidence that neurological impacts such
as memory defects, decrease in long term potentiation, and behavioral deficits occur prior to
plaque deposition 34, Muscle mass analysis revealed decreased TA limb muscle mass consistent
with lower body weights in APPKO mice. Cross sectional area analysis of TA muscles confirms
muscle mass findings; despite similar fiber numbers, WT TA muscle fibers exhibit a bimodal
distribution and larger average size compared to APPKO data. Alternatively, these data may be
indicative of early neurocognitive deficiencies with fine motor skills such as grasp and balance
adjustment that go unnoticed in early stages, prior to cognitive decline. APPKO mice exhibit
reduced branching in hippocampal neurons beginning from 2-3 weeks after birth, resulting in
reduced synapse formation 1461, as well as increased levels of calcium channels which may cause
defects in calcium handling, synaptic plasticity and neuronal network propertiest”48l. Further

analysis of post-mortem brain sections may clarify the underlying causes of behavioral defects.

Implications:

Sarcopenia and dysphagia are unrelated early diagnostic markers of Alzheimer’s disease.
Additionally, the effects of sarcopenia are not evenly distributed throughout the body. Further

research may be needed to determine specific affected muscles for early diagnosis. However,



understanding the relationship between sarcopenia and dysphagia in Alzheimer’s disease models
allows for more accurate treatment plans regarding nutrient intake, exercise, and early diagnostic

criteria.
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Supplemental Figure 1: Comparison of rotarod success rates at 20, 25 and 30 rpm. a) results
for 20rpm. b) results for 25 rpm. c) results for 30 rpm. Success rate was determined as the
percentage of mice who had reached the maximum trial time of 300 seconds per trial. 17-week-

old male mice were tested for five trials at each speed over three separate days.

o APPKO (n=3)
= WT (n=4)



>

Relative frequency

(fractions)

A —
<= 1600- E
g * APPKO (n=3) S 600-
© 1500 ° - = WT (n=4) g ¢ APPKO (n=3)
= 5 5504 * WT (n=2)
S 1400{ 5
B 43001 ‘ i1 2 500
9 — | L 3
@ 1200- T . ? 450-
o T 7]
(8] o 9
o 1100{ | . G 400 —
<) p 1
g 1000 . . > - .
> o) b‘\ b T T
® & ¢ S S M

°or & .

Al /o)

R O $

N <
K

Supplemental Figure 2: TA and pharynx area are equivalent in WT vs APPKO mice

APPKO mice exhibit no difference in average muscle fiber size compared to WT when grouped

by mouse.
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Supplemental Figure 3:

TA and pharynx area are equivalent in WT vs APPKO mice. a) APPKO mice exhibit
significantly smaller TA area compared to WT. b) APPKO mice exhibit significantly smaller
pharynx area compared to WT. Two tailed t tests were conducted between groups. Bars represent

SEM.



Supplemental Figure 4. Representative images of TA and pharynx sections. a) Whole section

laminin-stained image of TA (tibialis anterior) muscle section b) Whole section laminin stained
image of pharynx image. ¢) Whole section H&E-stained image of TA muscle section. d) Whole
section H&E-stained image of pharynx, target area, CP (cricopharyngeal bar) area used for
analysis circled. Muscles were cryosectioned at 18 weeks and stained with anti-laminin antibody

(green fluorescence).
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