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Abstract
Introduction: Alzheimer’s disease (AD) is a currently incurable neurodegenerative disorder that is defined by the buildup
of amyloid beta peptide (Aβ) plaques in the brain. Herein, we aim to investigate two microRNA (miRNA), miR-106b and
miR-153, for their ability to inhibit the synthesis of amyloid beta precursor protein. Since miR-106b and miR-153 are also
deficient in AD patients, we hypothesize that increasing their concentrations in the brain will reduce plaque development,
thereby ameliorating AD symptoms.
Methods: Six groups of mice will be reared: a control group of healthy C57BL/6J mice; a control group of diseased B6.
Cg-Tg(Thy1-APP)3Somm/J mice; 2 control groups of B6.Cg-Tg(Thy1-APP)3Somm/J mice, one treated an empty miniosmotic pump, the other treated with functionless miRNA; and two treatment groups of B6.Cg-Tg(Thy1-APP)3Somm/J mice
treated with miR-106b and miR-153 each. Then, a Morris water maze test and ELISA analysis will be conducted on each
group to determine the effectiveness of the miRNA treatment at reducing Aβ plaque and AD symptoms.
Discussion: As a proof of concept study, this experiment may determine whether miRNAs can alleviate AD symptoms and
plaque development. There may be limitations regarding the applicability of murine models, as well as the implementation of
induced AD in the genetically modified mice. The results of each experimental group will be compared using an ANOVA,
and qualitatively for improvement of cognitive functioning.
Conclusion: This experiment suggests an approach to counter the deleterious effects of AD. Future studies may investigate
less invasive methods of administering miRNA treatments.
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Introduction
Alzheimer’s disease (AD) is a devastating
neurodegenerative disorder, characterized by personality
changes, affective disturbances, memory loss, and a steady
deterioration of mental function in patients [1]. Current
treatments are symptomatic in nature, with medications such
as cholinesterase inhibitors and memantine enhancing quality
of life, despite having no effect on the progression of the
disease [2]. AD is characterized by two aggregated proteins:
amyloid beta protein (Aβ) and hyperphosphorylated tau [3].
The amyloid cascade hypothesis, which has been a dominant
explanation of the pathogenesis of AD, states that the
accumulation and aggregation of Aβ proteins is the initial
event of the AD process [4-5].
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Figure 1. Amyloidogenic pathway [5].
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Aβ is produced by the cleavage of amyloid precursor
protein (APP) by a protease named β-secretase, producing
two fragments, soluble amyloid precursor protein-β
(sAPPβ) and CTFβ [5]. The latter is then cleaved by the
protein complex γ-secretase, producing CTF and Aβ
(Figure 1) [5]. Aβ ultimately results in the formation of
senile plaques, which may induce the phosphorylation of
tau protein. Because of the important role Aβ plays in AD,
research into the reduction of Aβ in the brain may prove
useful in the development of a treatment for AD.
Recently, considerable focus has been placed on the
potential role of microRNA (miRNA) in AD. miRNAs are
a class of short non-coding RNA that, using a short “seed”
region, can bind to complementary base pairings in a target
mRNA to regulate gene expression [7-8]. Previous studies
have identified miRNAs that translationally repress
amyloid precursor protein (APP) mRNA or downregulate
β-secretase [9-11]. Other miRNAs have been found to
participate in Aβ production, degradation, and Aβ-induced
neurological damage [10]. However, studies have yet to
quantify the extent of Aβ reduction following the prolonged
administration of select miRNA, or the effect this treatment
has on the memory and spatial awareness of mice. To
address this gap in the literature, we propose a study that
investigates the augmentation of miRNA levels as an AD
treatment. We will select miRNAs previously observed to
inhibit APP production, and inject them into transgenic
mice
models.
Subsequently,
an
enzyme-linked
immunosorbent assay (ELISA) and Morris water maze
(MWM) test will be used to evaluate the efficacy of the
treatment. ELISA can be used to measure the concentration
of Aβ proteins, specifically Aβ40 and Aβ42, in the brain to
determine if the miRNA treatment was effective in
reducing inhibiting Aβ synthesis, and the MWM can be
used to assess the cognitive ability of the mice [12].
According to the amyloid cascade hypothesis, a high Aβ
concentration in the brain is associated with AD. Therefore,
we hypothesize that augmenting the amount of select
miRNAs in the brain will inhibit Aβ production, and in
turn, reduce plaque development and ameliorate AD
symptoms. Amongst the possible APP-inhibiting miRNA,
miR-106b and miR-153 were selected as they consistently
demonstrated reduced APP levels across multiple studies
[9-11]. For example, Hébert et al. [9] observed a strong
correlation between the expression of APP and miR-106b
in cortical neurons from embryonic mice; and Liang et al.
[10] found decreased expression of APP in the cerebral
cortex of miR-153 transgenic mice. These miRNAs have
also been administered to neuronal mice cells, making them
especially desirable for this protocol [9-10].
If demonstrated to be effective, this miRNA treatment
may hinder the progression of AD, as reducing the
concentration of Aβ plaque in the brain may decrease
neurological damage. Therefore, this study proposes a
novel treatment option; since current established treatments

are symptomatic in nature, a treatment leveraging miRNA
would target the cause of the disease instead [13].
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Methods
Selection of miRNA
Table 1. Modelling and effects of selected miRNA in
previous studies.
miRNA

Model

Effect

miR-106b

AD brain; HeLa
cells [9].

Decreased miR106b expression
in AD brains;
reduction of
miR-106b is
correlated with
upregulation of
APP levels [9].

miR-153

APPswe murine
model, human
AD brain
specimen,
miR-153
transgenic mouse
model [10-11].

miR-153 levels
were suppressed
at early and late
stages of AD;
miR-153
downregulates
APP expression
[10-11].

The selected miRNAs (Table 1) are chosen as they are
observed to exist in depleted levels in AD patients [14]. In
fact, among sporadic AD patients, low levels of mir-153
has been shown to contribute to the accumulation of Aβ
[14]. Mir-153 is also a negative regulator of APP
expression. Moreover, mir-106b has been found to repress
APP translation, via the binding of APP 3’ UTR [9, 14].
Animal Subjects & Living Conditions
Six experimental groups, labelled 1 to 6, of mice will
be reared. Group 1 mice entail the C57BL/6J strain (B6),
which will be used as a standard wild-type. The B6.CgTg(Thy1-APP)3Somm/J mouse strain (APP23) will be used
to express the mutant human APP gene KM670/671NL
(APPswe) for groups 2-6; this transgene results in the
sevenfold overexpression of APP [15-16]. As a result,
incipient stages of Aβ plaque development can be observed
in mice after 6 months, rendering this a highly effective
model to test [17].
The mice will be kept in separate plastic containers;
under 22oC, 60% humidity, and a constant light-dark cycle
(light on, 700-1900h) [18]. Food and water will be supplied
ad libitum. All mice will be 3 months old at the start of the
experiment, when deficits in cognition are first observed in
APP23 mice [19-20]. All experimental procedures will be
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conducted in accordance with the regulations provided by
the Canadian Council on Animal Care.
Artificial miRNA Synthesis
Table 2. miRNA candidate oligonucleotide sequences [21].
miRNA

Guide Strand (seed
region is bolded)

Passenger Strand

hsamiR106b

5’
UAAAGUGCUGAC
AGUGCA GAU 3’

3’
UUUUCACGAAUGU
UACUU GUC 5’

hsamiR153-3p

5’
UUGCAUAGUCAC
AAAAGU GAUC 3’

3’
UACGUAUCACUAG
UCCUUU CCUU 5’

RNA oligonucleotides corresponding to the selected
miRNA’s guide and passenger strands will be synthesized
via Integrated DNA Technologies’ service [10]. These
sequences will be retrieved from the miR database, shown
in Table 2. Arroyo et. al.’s [13] procedure will be applied to
synthesize the miRNA, but the control will use sequentially
similar miRNA without the seed region. Thus, the control
and treatment are structurally and chemically similar, but
the control miRNA will not target mRNA.
miRNA Delivery
Cerebroventricular injection will be regulated through
the use of mini-osmotic pumps (MOPs) and an ALZET
brain infusion kit [22]. MOPs will be implanted at the point
when mice are 3 months old, when cognitive deficits are
first observed in APP23 mice [23]. This will allow for the
continual injection of miRNA without need for excessive
handling, and these pumps will be maintained over a period
of 9 months. This method was selected over alternatives
such as molecular trojan horses or active transporters, to
ensure delivery of the miRNA treatment, so verification
tests would not be needed to determine whether the miRNA
reached the brain. Groups 3-4 will serve as a MOP variable
control, in which the MOP in group 3 will be empty and the
one for group 3 will be administering non-targeting miRNA
oligonucleotides. The non-targeting miRNA will also serve
as a negative control to determine possible biases in the
expression of Aβ arising from miRNA application [24]. As
for groups 5 and 6, their MOPs will be filled with miR106b and miR-153, respectively.
ELISA Analysis
Mice subjects will be sacrificed after various durations
of miRNA administration: after 3, 6 and 9 months. Using
the ELISA kit procedure outlined in Saito et al. [25], Aβ40
and Aβ42 concentrations in the brain can be measured for
each subject.
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Morris Water Maze Test
The Morris water maze is a validated assessment and
measure of hippocampally dependent spatial navigation and
reference memory in mice [26]. Vorhees and Williams’s
[26] methodology will be used to measure cognitive
function every 3 months after the initial dosage.
The maze will be a circular pool (122 cm diameter),
with non-reflective, uniform, white, 60 cm tall interior
walls. A circular platform (12 cm diameter) will be
submerged 1 cm below the surface of the water. The
platform will be hidden from view as the pool will be filled
to a depth of 40 cm with opaque water, prepared by adding
milk powder [18]. To serve as landmarks for navigation,
sufficient constant distal cues will be added around the
maze. At 6 months of age (3 months since the start of the
experiment), the mice will first be trained in cued learning
trials for a duration of one week (4 trials daily), where
distal cues are removed and the platform is elevated out of
the water. A cued learning trial ensures that the mice have
the basic prerequisite understanding of the platform as their
destination or objective.
Four trials, each 1 min in duration with 15s breaks in
between will be conducted daily, with semi-random starting
positions, such that each configuration is relatively equal in
difficulty (i.e. each trial is equidistant from the platform). If
a subject fails to locate the platform, they will be placed on
the platform for 15s, and proceed to the next trial. Tracking
software (HVS Image) will be used to track the path length
and time duration. Mice will be observed for sensorimotor
impairments or a misunderstanding of the task, which
manifests as abnormal thigmotaxis or swimming over the
platform. This is to elucidate the effects of miRNA on brain
function, particularly memory, in AD cases.
Results
Timeline
Start of Experiment (0 months): All mice will be 3 months
old at the start of the experiment, in which cognitive deficits
are first observed in APP23 mice [23]. Mini-osmotic pumps
(MOPs) will be implanted at this time in groups 3-6 as a
control or to maintain a continual injection of functional
miRNA.
3 Months: All groups are tested with the Morris water maze
test, and 1/3 mice from each group will be randomly
sacrificed and analyzed via ELISA.
6 Months: Remaining groups are tested with the Morris
water maze test, and ½ of the remaining mice from each
group will be randomly sacrificed and analyzed via
ELISA.
9 Months: Remaining mice are tested with the Morris
water maze test, as well as, sacrificed and analyzed via
ELISA. All mice will be sacrificed by the end of the
experiment.
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Goals
Through the results of this experiment, we seek to
observe whether meaningful changes between miRNA
treated and control mice exist, both in terms of
physiological measures (volume of Aβ in the brain), and
behavioural metrics. Therefore, by comparing the
performances in a Morris water maze test, the memory,
cognition and overall health and activity of the mice can be
evaluated. Moreover, the ELISA analysis will yield
information regarding the volumes of Aβ in the brain.
Though a direct comparison between the mice’s initial and
final state is not possible (ELISA analysis requires
sacrificing the mice specimen), by comparing the groups
evaluated at different time points (i.e. 3 months, 6 months
and 9 months), we hope to analyze the relationship of
treatment volume and levels of Aβ.
Data Analysis
Multiple student’s t-tests will be performed to evaluate
the difference between measured Aβ concentrations in the
brain in experimental groups 2-5 compared with group 1
(healthy mice, no treatment). The Holm-Bonferroni method
will be utilized to correct issues related to multiple
hypotheses tests. Furthermore, forest plots will display the
data of each experimental group, organized by time (i.e. 3
months, 6 months, and 9 months). Therefore, the trend of
Aβ concentrations over time and miRNA treatment volume
may be visually depicted. The MWM results will be
analyzed qualitatively and quantitatively in accordance with
the procedure described by Vorhees and Williams [26].
MWM times will be expressed in terms of mean ± standard
deviation.
Discussion
Given that there is no precedent to determine intrinsic
success, test groups will be compared for relative
performance. If the treated groups demonstrate comparably
improved memory and plaque levels, there is basis to
suggest the viability of miRNA treatments.
Limitations
Many of the limitations present in this study stem from
physiological differences between mice and humans that
influence the pathology of AD. For example, the spatial
distribution of Aβ plaques is significantly different in mice,
limiting the applicability of this model [27]. Furthermore,
genetically inducing AD through the implementation of a
mutated APP allele poses another limitation. This is as a
treatment based on mutation induced AD may not be
applicable to all patients given how AD is commonly
associated with both environmental and genetic risk factors
[28]. Despite these limitations, the key interaction between
the human APP mRNA and miRNA is still present in the
transgenic mice, making them a reasonable model [27].
Limitations regarding experimental techniques include
the false positive rate associated with ELISA analysis due
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to insufficient blocking [12]. This may result in
quantification errors in which Aβ levels are lower than they
appear. However, careful action and the use of negative
controls should yield an adequately low false positive rate.
Furthermore, a variety of noncognitive confounding
variables separate from spatial memory and learning (ie.
anxiety) may affect the performance of mice in the MWM
test [29]. These variables have been estimated to constitute
two-thirds of statistical variability, posing a potential
problem when comparing the cognitive function of different
mice. Despite this, the MWM still considers a variety of
cognitive factors and confounding variables exist in every
behavioural test regardless [29].
Adverse Effects
Though this treatment seeks to depress APP production
via miRNA inhibition, APP is associated with a variety of
physiological processes. These processes include synaptic
adhesion, intracellular signalling, and axon pruning
amongst others [30]. As a result, higher miRNA dosages
are not necessarily better; instead, the trade-off between
efficacy and safety should be carefully considered when
finding the optimal dosage. Another possible consequence
of this treatment is the excessive inhibition of miR-106b
and miR-153’s other targets aside from the APP gene,
resulting in the underexpression of countless proteins [31].
A potential solution to this concern would be the
administration of multiple APP-targeting miRNA at lower
concentrations, reducing the risk of any one miRNA being
overexpressed while still downregulating APP.
Alternative Hypotheses
While the amyloid cascade hypothesis is the
mainstream explanation for the pathogenesis of AD,
various other hypotheses have been suggested since its
establishment. Of these, the tau hypothesis is the most
prominent and suggests that hyperphosphorylated tau
aggregations are the primary substance responsible for AD.
As abnormal tau can convert normal tau to an abnormal
type, it is thought that tauopathy originates in a small
number of nerve cells and then spreads to others [32].
Though this transfer is still not fully understood, strong
evidence suggests that APP facilitates this transfer [33]. As
the miRNA delivered targets APP as opposed to other
proteins involved in the formation of Aβ, this treatment
would inhibit the propagation of tau and thus slow down
the progression of AD, even if the tau hypothesis is correct.
Conclusions
This study proposes a potential approach to treating
AD through the use of miRNAs to target APP and reduce
Aβ concentrations in the brain. To determine the efficacy of
this treatment, MOPs will be used to deliver miR-106b and
miR-153, two miRNAs that depress APP production, to the
brain of B6.Cg-Tg(Thy1-APP)3Somm/J strain mice. This
strain will be used to express the mutant human APP gene
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KM670/671NL (APPswe), which results in an increase in
APP expression. Using ELISA and MWM, the
concentration of Aβ in the brain and cognitive function of
the mice can be assessed and compared to control groups. If
the experimental results support our hypothesis, then the
tested miRNAs would alleviate symptoms and slow down
the progression of AD. Future experimentation could
further develop and refine this miRNA-based treatment. For
instance, less invasive miRNA delivery mechanisms can be
examined, such as utilizing focused ultrasound with
microbubbles [34]. Additionally, other miRNA candidates
may be tested, and the miRNA dosage concentrations can
be optimized. Moreover, any potential side effects can be
further explored. Nonetheless, this treatment potentially
offers a prospective approach of slowing or halting the
progression of AD, and therefore has the potential to
improve the lives of AD patients.
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