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Summary:

Alzheimer's Disease (AD) is a neurodegenerative disorder that currently affects an estimated 500 000
Canadians, a prevalence that is expected to double within the next 25 years. It is projected that AD will
impact the lives of one in every three Canadians over the age of 80. This disease is responsible for
billions of dollars of healthcare spending every year and represents a massive burden for the patient,
their family and the healthcare professionals involved in their care.

Currently, the diagnosis of any progressive dementia as Alzheimer's Disease has been based on clinical
findings; a designation that can only be confirmed via post-mortem autopsy, where the presence of
accumulated beta-amyloid plaques, neurofibrillary tangles and astrocytic gliosis can be confirmed.
These microstructural changes have been so far undetectable in the early stages of the disease, before
the clinical aspects of the dementia are manifested and a method that would allow the early detection of
these changes could represent an invaluable tool.

Diffusion tensor imaging (DTI) is a type of MRI imaging that focuses on the movement of water
through tissues. DTI has shown great versatility as a diagnostic tool and may be useful in the
differential diagnosis of AD. This research project is aimed at exploring the utility of using DTI to
detect the changes associated with Alzheimer's Disease using a transgenic animal model of AD. With
earlier detection, the opportunities for drug discovery and other therapeutic interventions become
possible.
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Introduction:

Alzheimer's disease (AD) is a neurodegenerative condition of memory impairment. It represents the
most significant cause of disability in all Canadians over the age of 65 and currently affects the lives of
over 500 000 individuals. The condition manifests itself as a progressive cognitive decline that
develops into dementia typically before any other sensory or motor disturbances, meaning that for
many individuals the impairment is gradual and, once present, irreversible. Patients usually die within
7-10 years of the initial diagnosis of AD, most commonly due to pneumonia complicated by decreased
patient mobility and muscle wasting. The lives of patients, families, communities and professional
care-givers are all greatly impacted by AD for its immense burden on financial and emotional
resources, represented by billions of dollars spent and hours of care provided every year. As our
population ages, the prevalence of AD in Canada is only expected to rise(1).

Alzheimer's Disease represents the most common form of neurodegenerative dementias. It is
characterized by the presence and deposition of amyloid-3 plaques onto the extracellular surface of
cortical neurons and an associated intracellular accumulation of neurofibrillary tangles. The build-up of
these two hallmark neurohistological changes also results in a generalized reactive astrocytic gliosis(2).
The precise pathogenesis of AD remains unclear; it is hypothesized that the primary cause of AD is
excess amyloid-f3 deposition which induces the neurofibrillary tangle formation. Amyloid-f3, a peptide
of variable length (38-43 amino acids) has two forms significant to AD; a soluble form (A [40) that has
shown to have synaptotoxic effects during the very early stages of amyloid overproduction, and an
insoluble form (AB42) that collects into the amyloid plaques(3). While the exact mechanisms that lead
to plaque formation remain unclear, it is generally accepted that disruption of the amyloid pathway is
clearly implicated in AD pathology.

There are two main types of Alzheimer's Disease. The first type, so-called “sporadic” or “late-onset”
AD, appears in the seventh decade of life and represents the vast majority of cases. These can arise
from a variety of reasons and risk factors and have recently been associated with the apolipoprotein &4
allele (apo €4), which is involved in the degradation of AP proteins. A second type, so-called “familial”
or “early-onset” AD, arises around age 50 in between 5-7% of cases. These cases typically are found,
as the name suggests, through familial lineages and have been asssociated with mutations to the
amyloid precursor protein or the presenilins resulting in A overproduction. Other environmental
factors have been implicated in the development of AD such as traumatic brain injury, stroke,
hypertension, atherosclerosis, diabetes, or any other factor that could disrupt the blood-brain barrier
(some debate now revolves over whether the primary inciting factor leading to AD is actually due to
BBB disruption)(4). While the research is encouraging, there remains no screening test, genetic or
otherwise, that can determine a persons likelihood for developing AD, or even if the preclinical stages
of AD have already begun. For decades, the only way to reliably assess the presence of any actual
neurohistological changes are by taking a sample; either via biopsy or at autopsy.

The earliest affected regions of the brain appear in the hippocampus and entorhinal cortex, spreading to
the association areas in the prefrontal lobe and temporoparietal junction(5). This results in the
impairment of declarative memory consolidation. To the individual, these preliminary changes may be
a mild or imperceptible cognitive impairment and is exceptionally difficult to detect by physicians. As
the neurotoxic effects of the amyloid deposition progress, widespread cortical atrophy develops leading
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ultimately into dementia, which typically precedes the clinical diagnosis of AD(6). By this point, the
insidious nature of the progression and the damage done by the toxic effects of the amyloid deposition
is irreversible. Recently, the development of CSF assays that can gauge the levels of CSF-A and
amyloid depositions, as well as positron emission tomography (PET) scans using radio-labelled glucose
have provided some ability to stage the progression of the disease once it is present, but by this point
the changes are well established(7). As there remains no non-invasive way of diagnosing the early
development of sporadic AD, treatment strategies have historically been implemented once the clinical
diagnosis has been made with a focus on slowing disease progression(8).

Magnetic resonance imaging (MRI) has established itself as an invaluable tool of the medical
profession over the last 30 years. It acts as a complex type of spectrometer; MRI utilizes the inherent
electromagnetic properties of certain atomic nuclei to react when struck by a radio-frequency specific
to that isotope, referred to as the Larmor frequency (o). The Larmor frequency is a product of two
factors, the gyromagnetic ratio (y essentially a constant) and (B), the magnitude of the magnetic field in
which it is being applied(9):

o=vyB

When an object is placed in a strong magnetic field, the atomic nuclei that comprise that object will
begin to orient their spin (the magnetic moment) to match the field. When a signal that matches the
larmor frequency is applied to the sample, the nuclei that respond to that frequency will “resonate” and
emit an RF signal (the free induction decay, or FID) that can be detected by the MRI equipment. By
using a complex mathematical process called a fourier transformation, the detected signal can be
converted from a function of time back into a function of frequency. This allows the individual signals
to be reconstructed back into a theoretical 2-D space called the k-space that can produce an image
based on the intensity of each individual frequency. By repeating the signal acquisition over, multiple
k-spaces can be acquired. This allows a 3-D image to be developed from a 2-D series of slices. By
modifying the timing of the signals, the MRI can be weighted to produce a higher intensity signal from
fat (T1 weighting) or water (T2 weighting) , whichever is more relevant to the scanner(9).

Diffusion-weighted imaging (DWI) is a modified form of T2-weighted MRI that specifically focuses
on the RF signal that water produces(10). It works because living tissues are anisotropic; that is, the
ability for water molecules to diffuse through tissues in different directions is dependent on the tissues
themselves. Two radio-frequency signal pulses of a specific value (the b-value) are applied for a given
direction to a subject for a known duration and spaced apart by a known interval; the first signal
induces movement of the water molecule and the second signal attempts to do the same by repeating
the b-value for that particular direction. In tissues where diffusion is permitted (such as grey matter),
the recorded “response” to the second signal will be decreased because the water molecules were
allowed an opportunity to move around from their starting point. By calculating the difference between
the signals acquired after applying each b-value (and controlling for other variables) using the Stejskal-
Tanner equation, the diffusivity of a tissue can be calculated:

S/S, = el12G2824-5/3)D]
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Where S, is the signal intensity before diffusion weighting(after A0 is applied), S is the intensity after
B0 is applied, v is the gyromagnetic ratio, G is the strength of the diffusion gradient pulse applied, o is
the duration of the applied pulse, A is the time between the pulses and D is the Diffusion coefficient for
that tissue. The diffusion coefficient data can then be reconstructed in a way similar to traditional MRI
into a k-space that produces a 2-D representation of the diffusion(11).

Diffusion tensor imaging (DTI) takes diffusion-weighted imaging several steps further by scanning the
target from multiple directions, using variable RF pulse gradients. By acquiring at least six different
diffusion-weighted images of the same pixel along multiple orientations, the diffusion data can be
(through a complex mathematical process called diagonalization) converted into six values: three
eigenvalues (A1, A2 A3) and three eigenvectors (V1, V2, V3). These six values represent the
directionality of the diffusion and can be used to reconstruct a three-dimensional shape known as a
voxel. The orientation of these oblong spheroid shapes can be used to make inferences of the path that
water is able to make through a tissue(11). This becomes especially relevant when considering that
water diffusion along most directions is normally extremely restricted in axons. This allows DTI
studies to reconstruct the patterns of white matter tracts in the brain and also to locate microstructural
differences in tissues that would suggest damage or insidious pathology was present(12).

One of the challenges associated with DTI scanning is the high susceptibility to motion that the scans
themselves have(13). The tracking of water molecules during signal acquisition requires that very little
motion occurs between images; in humans, this requirement for stillness can be explicitly explained
before the scan. Mice, however, require anaesthetic and head mounts to stay still, so the speed of the
acquisition becomes a factor in successfully acquiring the data(14). One method devised to expedite the
scans is called echo-planar imaging, or EPI. In contrast to normal MRI scans which typically acquire an
image in a “line by line” fashion by sending a series of radio-frequency pulses (figure 1), EPI
reconstructs the entire image with one prolonged RF pulse. The pulse quickly scans every line of the
slice, producing an image in a much shorter period of time (figure 2). This benefit is two-fold; firstly it
allows the scans to be completed much more quickly, and secondly, the scans can be repeated and
averaged into one output image, which reduces the variability of the individual scans and improves the
precision of the acquired data(15).

Recently, studies have suggested that DTI could provide a reliable and non-invasive means to examine
the brain for changes associated with AD pathology. Pilot studies using small patient populations of
individuals diagnosed with varying stages of MCI and AD have used DTI to detect changes in the areas
most associated with the early development of AD, namely the hippocampus and entorhinal cortex.
Elevations in the mean diffusivity (MD, also known as the apparent diffusion coefficient or ADC) were
particularly seen in the hippocampus of patients with MCI and fractional anisotropy (FA) was also
elevated, albeit to a lesser degree(16). Mean diffusivity is the average of all three acquired eigenvalues:

MD = (b + s + 43)/3

while fractional anisotropy is a scalar description of the diffusivity of water through a tissue:



Ryan Dale

VB (=AY + (R~ 20 + Qs -AY

i e

This change in the MD and FA values in the hippocampus and entorhinal cortex in possible and
probable AD have been the subject of increased study over the past few years, using human subjects
identified clinically as having MCI or AD using verbal and cognitive-based testing(16). This project
will aim to examine whether these changes in grey matter composition can also be observed in an AD
model.

FA=

The goal of this project has been to explore the potential utility of using DTI methods to detect the
changes associated with Alzheimer's within an animal model, the 3xTg triple transgenic mouse. This
animal model was developed by Oddo and colleagues in 2002 to express three phenotypes associated
with AD pathology; the human amyloid precursor protein (Swedish mutant) transgene, the presenilin
knock-in mutation, and the tau P301L mutant transgene(17). The animals are considered to have
established AD pathology present by approximately 12 months of age. This has provided a useful
model for drug discovery and allows researchers an opportunity to correlate data from DTI studies to
the histopathological sections post-mortem (a step that has proven challenging when working with
human subjects). If DTI can permit researchers some insight into the changes associated with these
pathologies, especially at a stage before the clinical dementia has manifested, an opportunity for earlier
interventions and novel drug discovery of this debilitating condition presents itself.

Materials and Methods:

Eight 3xTg mice were bred and aged to 12-14 months, along with eight age-matched C57 controls,
according to protocols established by the St. Boniface and University of Manitoba animal care centres.
Inhaled isofluorane (5.0% for induction, 2.0-2.5% for maintenance during scans) in a mixture of 30:70
0,:N,O was used as the anaesthetic during the procedure and the animals were maintained in position
using a nose cone with attached bite bar. Respiration rate was monitored and maintained between 40-
100 breaths/minute by using an electronic gating system (SA Instruments model 10251 small animal
gating system) and body surface temperature of the animals was maintained throughout the procedure
between 37.0-38.0°C via a fluid-filled heating pad connected to a water bath. Total time under
anaesthetic during preparation and scanning for each animal was approximately 75 minutes.

Animals were scanned in a Bruker Avance III horizontal bore small-animal MRI at 7.0T using
Paravision 5.0 software. A 30mm quadrature birdcage coil was utilized to increase signal intensity from
the head during the scans. After global shimming and signal mapping procedures, half-fourier single-
shot turbo spin echo scans (HASTE) were used to ensure correct orientation within the magnet
bore(18). Once corrected for orientation, a rapid-acquisition with relaxation enhancement T2 scan
(RARE) was performed to produce reference images for each of three slices, using the anterior horn of
the corpus callosum as a visible landmark for placement of the first slice (TR=1640ms, TE=80.0ms,
FA=180°, 1.00mm thick/2.00mm apart, FOV 3.0cm, in a 256x256 matrix) Acquisition time for this
scan was 10m29s760ms(figure 3)(19). DTI-EPI scans were then performed using a six-directional
approach for each of three slices (3 A0 scans, six B0 scans with max. B-value=1553.56, TR=1250m:s,
TE=26.6ms, FA=90°, 1.00mm thick/2.00mm apart, FOV=3.0cm, in a 128x96 matrix autofilled to
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128x128). The scan was acquired in 4 segments and the results were compiled from an average of 32
sequentially repeated scans. Total acquisition time for the DTI-EPI scan was 24m00s01ms(20). For
both the RARE and DTI-EPI scans, a series of five fat-signal suppression slices were utilized in a
pentagon shape around the brain slice to reduce the signal of non-target tissues by saturating the area
with a signal 1230ms prior to the DTI-EPI signal(15). This resulted in the signal from these saturated
areas being “off-sync” with the unaffected tissue during signal recieving and as a result, the signal
from these areas during the actual acquisition was especially weakened to prevent any corruption of the
target regions.

Reconstruction of scan data was accomplished using native Bruker software. The first slice scanned
was used only for positioning of the second and third slices, which contained the target regions of the
study. Regions of interest were defined on a slice-by-slice basis using a stereotactic mouse atlas and
traced by hand. The right and left hippocampus at -2.20mm to bregma (figure 4a)and right and left
median entorhinal cortex at -4.20mm to bregma (figure 4b) were traced and the signal from each area
examined using signal-to-noise ratio calculators in the Bruker software. The second and third slices
were also examined for signal changes as the left and right hemispheres, as well as overall changes to
the whole slice itself. Mean and standard deviation values for each region of interest were used to
perform two-tailed t-tests in order to compare the means of both sample populations. No results were
excluded from the compiled data analysis, providing an n=8 for each sample region.

All 16 mice were euthanized at the end of the study via humane cardiac perfusion of formalin, as per
accepted Canadian Council for Animal Care protocols(21). The cadavers were then decapitated and the
brains dissected, collecting the hippocampus of all subjects for histological sectioning to correlate with
the DTI scan results. Slices of 6pum thickness will be prepared and treated with Congo Red (for beta-
amyloid localization) as well as immunohistofluorescence studies of other proteins of interest. The
results of the histological sections will then be compared to the results of the DTI scanning at a future
date.

Results:

Representative examples of the acquired scans and examples of the regions of interest focused on for
the study are listed as Figures 3 through 6. Values of the fractional anisotropy calculated for the mean
of the 3xTg mice (n=8) and the C57 controls (n=8) are displayed in Table 1. Values for the mean
diffusivity calculated for the mean of the 3xTg mice (n=8) and the C57 controls (n=8) are displayed in
Table 2. There were no significant differences found between the DTI data of any of the groups
(p>0.05). The histological analysis of the 16 mice was not completed as of this writing and as a result
there is no comparison between the DTI data and the physical microstructure of the subjects. This will
be completed at a later date by lab representatives.

Discussion:

The study was unable to find a significant statistical difference between the FA and MD values in the
3xTg mice when compared to their C57 controls. This study may have benefited from an increased
sample size that would have allowed for the increased likelihood of a Gaussian distribution of data.
Due to the small size of the study (n=8 for all groups), no animals were excluded and it is entirely
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possible that the influence of a larger group on the data might show a more significant result. There
was a great amount of variability in the fractional anisotropy (FA) data and the acquired scans had a
large degree of error in them (Table 1). This is partly due to the motion of the animals during scanning
and also partly because the scans utilized only six diffusion directions, as opposed to thirty or more.
Studies have shown that FA is much more variable in grey matter when compared to white matter and it
was not expected that the FA would produce a significant result when focusing on the grey matter
targets selected for the study(22). When white matter tracts are being scanned, a benefit to the quality
of the FA has been shown in increasing the number of gradient directions when constructing the
tensor(13). The mean diffusivity (MD), a localized average of the diffusivity that is accomplished
sufficiently using only six diffusion directions, has been shown to be one of the earliest detectable
changes in the FA and MD (which was the opposite result of what was predicted) but still no significant
difference between the 3xTg and C57 groups (Table 2). This could be for a myriad of reasons,
including the size of the study, the motion during the scanning, the inability for more robust post-
processing and the inexperience of the experimenter. Diffusion tensor imaging represents a technique in
MRI that has been around for barely twenty years; while the advancements have been immense, there

is still much to learn in order to fully utilize the potential of the technique. As research using this
method continues, our ability to use DTI as a diagnostic tool will only expand.

Diffusion tensor imaging was initially posited in 1990 and is based on several previously understood
mathematical concepts: the tensor and the Stejskal-Tanner equation. The concept of a tensor was
originally discussed by Carl Friedrich Gauss in the nineteenth century (although it was not referred to
as such)(24). The development of modern tensor analysis is credited to Gregorio Ricci-Curbastro and
his student, Lugo di Romagna, as a part of their landmark paper from 1900, “Methods for Absolute
Differential Calculus and their applications”(25). Tensor calculation is a process that combines six
vectors into a three-dimensional representation of an ellipsoid. A six-directional diffusion tensor matrix
looks like:

D, D ] D,
b=\D0, D, D,
D, b, D,

Tensors have proven useful in many fields of physics and engineering and have been used previously to
combine electromagnetic signal vectors in order to describe electromagnetic fields. The Stejskal-Tanner
equation was first devised using NMR in 1965 based on observations that the decrease of a pulse
gradient signal could be related to the diffusion of water through anisotropic mixtures. This equation is
actually based on an earlier one, the Bloch-Torrey equation, that describes the change in the
magnetization of a nucleus within an electromagnetic field that is due to diffusion through an isotropic
substance(26):

.ot =
M,(7t) = ﬂfoe—%Dﬁr?G?gae_Jﬁn—-\fﬂ at'G(t')

A physician (and physicist), Denis le Bihan, devised the first clinical application for the Stejskal-
Tanner equation by developing a technique to display the acquired diffusion data after mapping it
correctly to the acquisition tissues(17). While his original work focused on the liver (he was attempting
to differentiate between tumor types within liver tissue; the work was unsuccessful), he next began to
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scan the brain and the benefits of the technique quickly became apparent.

In 1990 another DWI pioneer, Michael Mosely, first reported that the diffusion of water through white
matter tracts was anisotropic and he correctly surmised that the best method for describing the
directionality of the diffusion would be a tensor(27). The first tractographic studies that could correctly
utilize a six-directional approach to tensor calculation (previously, only two directions had been used)
were published in 1991(28). Work by Peter Basser and colleagues (funded by the US National Institute
of Health) further established the clinical importance of DTI by establishing the capability to
demonstrate changes in brain matter composition at the microstructural level(29). Neurons, particularly
myelinated ones, have extremely restricted diffusion in a radial direction, while the diffusion is
markedly increased in an axial direction. This has allowed diffusion mapping to reconstruct the axonal
tracts of the central nervous system in ways not previously possible. Areas of change attributed to
cerebrovascular hemmorhage, demyelination, trauma or other abnormal structural alterations will
change the DTI signal and has led to several clinical applications. DTI has now proven to be a useful
technique in the early detection and localization of stroke and lesions associated with multiple sclerosis
(MS)(30). Using DTI in the detection of early changes in AD continues to hold great promise and is a
continually evolving field of research.

One of the most significant challenges associated with any type of diffusion-weighted imaging is the
high susceptibility of the signal to any type of motion, especially when the subjects (and their MRI
signals) are exceptionally small. The location of water molecules (and the fluids they compose) within
a living tissue can be influenced by a multitude of factors, not the least of which is the beating of hearts
and breathing of air. Early diffusion experiments were fraught with motion artifacts because of so-
called, intravoxel-incoherent motions (IVIMs)(31). Because of the complex nature of the signal
acquisition sequence, DWI began as an intensely time-consuming process. Techniques for a more rapid
acquisition of the diffusion signal were needed to be devised that would reduce this otherwise
uncontrollable motion artifact. Echo planar imaging (EPI), devised by Robert Turner and colleagues in
the late 1980s, used a unique signal acquisition scheme(32). Traditional MRI acquires data in a “row-
by-row” fashion. Data is added sequentially to the k-space (the theoretical 2-D representation of the
received radiofrequency signal) by a series of RF pulses; one per row (for example, a 64x64 matrix
would be acquired by recieving one signal containing 64 pixels of information (a row) and then
repeating this 64 times). EPI uses a single-shot, modulated RF pulse to acquire the entire matrix all at
once (imagine a single line that passes through every square of a grid without overlapping or
backtracking)(figure 2). This technique has been shown to greatly reduce the effects of [IVIM on DWI
(and by extension, DTI) scanning and several other, rapid-acquisition techniques (PROPELLER,
FLASH, parallel imaging) that also acquire the data much more quickly than conventional MRI(33).

EPI is not without its shortcomings, however. The gradient pulses produced by DTI-EPI MRI can
produce eddy currents in the electromagnetic field, particularly as the strength of the magnetic field
increases(34). Within a period of two seconds, the large magnetic field has shifted directions over one-
hundred times; the process is then repeated using different gradients and different directions in order to
construct the tensor. In our experiment, for example, each EPI pulse changed direction 128 times, then
was repeated nine times in different orientations to acquire the three A0 images and six B0 images,
finally the entire study was repeated 32 times, all using a magnet that is stronger than the Earth's by a
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factor of 140 000 (this entire process took 24 minutes). Commonly, many studies using DTI-EPI will
utilize a third-party post-processing software that will correct for the distortions and provide a more
consistent picture of their data; to be able to discard any “spoiled” images from the dataset before
compiling the results is an invaluable step in the post-processing of the data. Of particular use as a post-
processing environment is the MATlab program, a robust data analysis and visualization software(35).
The program is not for the faint of heart, however, it requires a working knowledge of the computer
programming environment and utilizes a programming language (akin to the coding language
“Python”) that was not possible to be appropriately learned for this study. As a result, the data was
processed using the on-board software included in the Bruker MRI suite. This software did not
inherently allow for the same level of detailed data manipulation as a program like MATlab or another
commercially-available MRI post-processing suite without again becoming a problem best solved by
computer programmers, not clinician-scientists.

Histological analysis of the tissues post-DTI scanning is a critical step in the correlation between the
scans acquired and the actual tissues themselves(36). The study intended to section 6 um slices of the
left and right hippocampus of each subject animal and prepare them with several types of stain that
would be able to localize the pathological deposits associated with AD. The comparison of AD DTI
data and the brain tissue histology in human subjects has been a difficult proposition at times. Needless
to say, the hippocampus does not lend itself readily to biopsy, nor do all patient's families consent to the
autopsies and tissue collection that would be required. Further to this, the time between death of the
individual and the collection of tissue also can play an important factor in the viability of tissues, which
is why the use of an animal model can provide such an invaluable source of information in studying
DTI to detect AD(21). Congo red is a a stain that has shown to bind to amyloid deposits, allowing them
to be localized and quantified, while specific monoclonal antibodies that target amyloid precursor
protein and tau protein would be able to localize the changes to specific regions of the hippocampus by
attaching a fluorescent label to the antibody and quantifying the results using
immunohistofluorescence. Due to time constraints, this important step was not completed during the
time allotted and will have to be completed at a later date by other members of the lab.

Several fields of study are trying to devise a method of detecting AD in as non-invasive a fashion as
possible. Imaging techniques, biomarker assays and sophisticated cognitive assessment strategies are
improving our ability to detect AD reliably at a stage where interventions become feasible. In 2011, a
joint task force commissioned by the National Institute for Neurological and Communicative Diseases
of Stroke (NINCDS) and the Alzheimer's Disease and Related Disorders Association (ADRDA) put
forth new recommendations for the diagnosis of dementia due to Alzheimer's disease, including the
current consensus on the diagnosis of mild cognitive impairment (MCI) associated with AD as well as
pre-clinical Alzheimer's(37). A clinical diagnosis based on well-established criteria remains the most
effective way of identifying AD. It also designated two broad classes of AD-related biomarkers; the
Biomarkers of B-amyloid accumulation (B-amyloid 42, amyloid precursors, presenilins, apolipoprotein
E and other proteins in the amyloid synthesis/degradation pathways) and the Biomarkers of neuronal
degeneration and injury (particularly, the Tau family of proteins). Testing for these markers would
utilize positron-emission tomography (PET) scanning, or CSF collection, both being particularly
invasive techniques compared to MR and not a requirement for diagnosis. Their usefulness, however,
in determining whether a pathophysiological process is occurring in the presence of MCI or dementia
can be highly supportive of a clinically made AD diagnosis(38). More recently, a longitudinal study of
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patients with Autosomal-Dominant Alzheimer's Disease (any mutation to the genes PSEN1, PSEN2 or
APP) has demonstrated that temporal trends in the biomarkers of -amyloid accumulation could be
used to predict the onset of clinical symptoms(36). DTI Alzheimer's researchers have been focusing on
developing algorithms based on the changes seen in a variety of regions in the brain in order to support
the diagnosis of MCI or AD, but have also faced challenges in correctly determining the presence of the
earliest stages of the disease(39). One of the biggest challenges facing researchers in these studies is the
lack of overlapping structural, biomarker, cognitive and DTI data for their patient population(37).
However, as clinician-scientists begin to incorporate more imaging and biomarker information into
their research, the sequence of pathophysiological events that lead ultimately to AD moves closer to the
day when it is clearly understood and mapped out, allowing even more opportunities for early treatment
and drug discovery.

While this study was unsuccessful in demonstrating a significant change in the hippocampus and
median entorhinal cortex, the use of DTI in the diagnosis of AD still holds great potential as a non-
invasive way of examining the micro-structural environment of the brain. This ability to examine the
areas that have both been implicated in the developing pathology of AD without having to harm the
patient will only provide more opportunities for intervention in the treatment of Alzheimer's. The
potential for DTI to provide the tools we need to identify the development of AD pathology remains
and further exploration into this subject is still needed. Statistical modelling has shown that a diagnostic
tool that identified AD in patients with sensitivity and specificity of 90 would decrease the individual
lifetime risk of Alzheimer's from the current North American estimate of approximately 16.7% for a 65
year-old individual to 10.5%. If the early and reliable diagnosis of AD provides the means to develop a
treatment that slowed progression by 50%, the lifetime risk to that individual becomes 5.7%(40). As
our population ages, the prevalence of AD, if unchecked, will only increase. The need for reliable
techniques to identify cases that are progressing to AD are an important area of current research and
will remain an important subject of the study of neurodegenerative disease.
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Table 1 — Summary of FA values (scalar value 0-1) for Selected Regions of Interest
3xTg Cc57 Significant?

ippocampus (Left) 0.306+0.105 0.363+0.0988 NS
0.34+0.114 0.387+0.102 NS
0.323+0.155 0.375+0.142 NS
0.346+0.142 0.387+0.138 NS
(at -2.20mm from bregma, Left)
emisphere 0.376x+0.139 0.411+0.143 NS
(at -2.20mm from bregma, Right)
Whole Slice 0.36+0.143 0.398+0.142 NS
(at -2.20mm from bregma)
Lo @y IReise 0.372+0.0689 0.403+0.0723 NS
(Left)
Lo Wy IReise 0.367+0.0798 0.360+0.0596 NS
(Right)
edian Entorhinal Cortex 0.370+0.105 0.382+0.0937 NS
0.410+0.122 0.420+0.133 NS
(at -4.20mm from bregma, Left)
emisphere 0.402+0.105 0.405+0.109 NS
(at -4.20mm from bregma, Right)
Whole Slice 0.406+0.116 0.412+0.123 NS

(at -4.20mm from bregma)

Values are given as mean £ SEM

Table 2 — Summary of MD Values (x10° mm?/s) for Selected Regions of Interest
Significant?

3xTg

ippocampus (Left) 8.27+0.957
ippocampus (Right) 8.73+£1.11
ippocampus (Total) 8.5+1.46
emisphere 7.6+1.94
(at -2.20mm from bregma, Left)
emisphere 7.87+2.18
(at -2.20mm from bregma, Right)
Whole Slice 7.77+1.98
(at -2.20mm from bregma)
edian Entorhinal Cortex 7.17+£1.50
edian Entorhinal Cortex 9.13+1.78
edian Entorhinal Cortex 8.15+2.33
7.13£1.68
(at -4.20mm from bregma, Left)
emisphere 8.3+2.28
(at -4.20mm from bregma, Right)
Whole Slice 7.73+£1.94

(at -4.20mm from bregma)

NS = Not Significant

8.03x2.51
8.1+1.24

9.83x1.79

8.97+2.18

7.63x2.12
8.63%+2.16
8.27x2.24

NS
NS
NS
NS

NS

NS

NS

NS

NS

NS

NS

NS

Values are given as mean + SEM

NS = Not Significant
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Figure 1 — Normal DWI pulse sequence
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Image credit: Christopher H. Sotak, Nuclear magnetic resonance (NMR) measurement of the apparent diffusion coefficient
(ADC) of tissue water and its relationship to cell volume changes in pathological states, Neurochemistry International,
Volume 45, Issue 4, September 2004, Pages 569-582

Figure 2 — Normal DTI-EPI single-shot pulse sequence
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image credit: Roland Bammer, Basic principles of diffusion-weighted imaging, European Journal of Radiology, Volume 45,
Issue 3, March 2003, Pages 169-184
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Figure 3 — A sample RARE scan. The short acquisition time and higher resolution of the scan permits
the use of a stereotactic brain atlas to identify that the selected regions of interest will be scanned
appropriately by the MRI. Parameters of the image acquisition are listed under Methods and Materials:

EBRUKER

Figure 4 — All regions of interest were traced by hand using Bruker software and compared to a
stereotactic mouse brain atlas. RARE scans were used to localize the areas of interest, which were then
traced to the FA and tensor trace maps.

Figure 4a: ROIs selected at the level of -2.20mm to bregma: Yellow - Right hippocampus; Orange — Left hippocampus; Red
— Right hemisphere; Blue — Left hemisphere; Green — Whole slice

Figure 4b: ROIs selected at the level of -4.20mm to bregma: Yellow — Right median entorhinal cortex; Orange — Left
median entorhinal cortex; Red — Right hemisphere; Blue — Left hemisphere; Green — Whole slice
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Figure 5 — Sample fractional anisotropy maps for DTI-EPI scans. Landmarks on the FA maps are
barely present; the use of RARE scans to establish the ROIs were required to correctly differentiate
individual regions of each slice.

Figure 5a is FA map at the level of -2.20mm to bregma. Figure 5b is the FA map at the level of
-4.20mm to bregma. Both images have been cropped at the edges of the cortex to remove areas of noise
from the visible field of view.

Generated Difiusion Tenso Y Generated Difusion

Figure 6 — Sample tensor trace maps for the DTI-EPI scans. Landmarks on the tensor trace maps are
entirely indistinguishable; the regions of interest were determined by comparing RARE scan images to
a stereotactic brain atlas and then applying parameters for the selected regions to the tensor trace
image. The trace is a sum of all three eigenvalues (A, + A, + A3), the mean diffusivity MD for each scan
was calculated by dividing the tensor trace values by 3

Figure 6a is the tensor trace map at the level of -2.20mm to bregma. Figure 6b is the tensor trace map
at the level of -4.20mm to bregma. Both images have been left un-cropped at the edges of the cortex to
demonstrate the level of noise present within the rest of the image within the visible field of view.






