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Introduction

The etiology of Alzheimer’s disease (AD) is unknown but considered
to be the combination of genetic and environmental factors
together with aging. The most prevalent genetic risk for sporadic
Alzheimer's disease is the allele €4 of the apolipoprotein E4 (APOE
€4). The many neuropathological findings that define AD are
associated with APOE €4 carriers together with general
cerebrovascular impairment and neuro-inflammation. There are
reports from human imaging studies that suggest the apoE4 protein
could affect neurodevelopment many years before the onset of AD.
Indeed, brain structure alterations may precede overt cognitive
impairment in AD by several decades. Early detection of these
alterations holds inherent value for the development and evaluation
of preventive treatment therapies. In collaboration with Horizon
Discovery (St Louis) we characterized the brain and cognitive
development of male and female APOE €4 knock-in (KI) rats, a
preclinical model of Alzheimer's disease.

Materials & Methods

Experimental Design

Wild-type (WT) (n = 12) and APOE €4 knock in (n = 12), male and Female, rats were obtained from
Horizon Discovery. Studies were performed on a Bruker BioSpec 7T / 20cm USR. Four types of scans
were acquired 1) High resolution Anatomy scans for volumetric assesment 2) T2 map 3) Diffusion
Tensor imaging 4) Functional Connectivity scans. All animals were studied at 4-5 months of age.

Diffusion Tensor Imaging

DTl was acquired with a diffusion-weighted (DW) spin-echo echo-planar-imaging (EPI) pulse
sequence having the following parameters: TR/TE 500/20 ms, eight EPl segments, and 10 non-
collinear gradient directions with a single b-value shell at 1000 s/mm? and one image with a b-
value of 0 s/mm? (referred to as b0). Geometrical parameters were: 60 slices, each 0.313 mm thick
(brain volume) and with in-plane resolution of 0.313%0.313 mm? (matrix size 96X96; FOV 30 mm?).
The imaging protocol was repeated two times for signal averaging. Each DTI acquisition took 35
min and the entire MRI protocol lasted about 1 hour 10 min.

T2 relaxometry

Multi echo images were acquired using MSME pulse sequence (TR= 5.4 sec and TE: 11, 22, 33, 44,
55, 66, 77, 88, 99, 110 msec.) Images were acquired with a field of view [FOV] 3 cm2, data matrix =
128x128x%20 slices, thickness = 1 mm. T2 measurements were computed using Paravision 5.1
software (Bruker, Billerica, Massachusetts) by fitting absolute signal at particular TE.

Image Analysis

Image analysis included DTI analysis of the DW-3D-EPI images to produce the FA, ADC and RA
maps. DTl analysis was implemented with Matlab (©OMathworks, USA) and MedINRIA (1.9.0;
http://www-sop.inria.fr/asclepios/software/MedINRIA/index.php) software. Because sporadic
excessive breathing during DTl acquisition can lead to significant image motion artifacts that are
apparent only in the slices sampled when motion occurred, each image (for each slice and each
gradient direction) was automatically screened, prior to DTI analysis, for motion artifacts. Following
the elimination of acquisition points with motion artifacts, the remaining acquisition points were
corrected for linear (motion) and non-linear (eddy currents/susceptibility) artifacts using SPM8
(Welcome Trust Centre for Neuroimaging, London, UK).

Each subject was registered to a
3D segmented and annotated
rat brain atlas (Ekam Solutions
LLC, Boston MA.). The alignment
process was facilitated by an
interactive graphic user interface
EVA. The affine registration
involved translation, rotation,
and scaling in all 3 dimensions Fiber Tracts
independently. The matrices

that transformed the subject’s
anatomy to the atlas space were
used to embed each slice within
the atlas. All transformed pixel
locations of the anatomy images
were tagged with the segmented |
atlas regions, creating a fully Fiber Tracts
segmented representation of e
each subject. T1 parameter
values for each ROl was
computed based on each
segmented map.
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Probability Maps Comparing Female Wild-Type to Female APOE4 and Male
WT to Male APOEA4: Fractional Anisotropy and Radial Diffusivity
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Resting State Neural Circuits in APOE4 Males
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Ekam Imaging

Advancing Early Drug Discovery

Quantitative Volumetric Analysis of Brain
Regions

Region Specific Differences in Brain Volumes Between Genotypes and Gender

Male Wild-Type vs Male APOE4 Female Wild-Type vs Male Wild-Type
Brain Area Mean SD Mean SD pval Brain Area Mean SD Mean SD Pval
cochlear nucleus 0.204 0.012 < 0.239 0.018 0.009 raphe linear 0.093 0.009 < 0.116 0.009 0.004
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lateral posterior thalamic nucleus -~ ~~>. 0.038  0.423 0.041 0.055 ventral anterior thalamic nucleus 0.176 0.030 0.144 0.007 0.051
intercalated amygdaloid nucleu; 0.007 0.025 0.011 0.061 primary motor ctx 2,588 0.035 2.679 0.083 0.055
caudal piriform ctx 3,104 1.488 0.083 0.061 external plexiform layer 1.639 0.105 1.456 0.151 0.057
supramammillary nucleus .005 0.068 0.035 0.062 pontine reticular nucleus caude 32 0.058 0.801 0.058 0.058
neural lobe pituitary n3 0.052 0.003 0.065 retrosplenial rostral ctx 3 0.013 0.516 0.013 0.059
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row copula of the pyramis 0.356 0.041 0.296 0.066 0.135 crus 2 of ansiformle o - 00000 0.119 0579 0.131 0.127
paraflocculus cerebellum 1.490 0.072 1.401 0.087 0.137 copula of the pyrai 0.056 0.356 0.041 0.130

retrosplenial caudal ctx 1.665 0.066 1.605 0.032 0.144 lateral cerebellar nucleus ww/l 0.010 0.085 0.015 0.133

P visual 1 ctx 1.446 0.058 1.384 0.053 0.145 neural lobe pituitary 0.053 0.007 0.047 0.003 0.144

triangular septal nucleus 0.046 0.024 0.076 0.034 0.155

Female Wild-Type vs Female APOE4 Female APOE4 vs Male APOE4
Brain Area Mean SD Mean SD P Val Brain Area Mean SD Mean SD  Pval
pontine reticular nucleus caudal 0.882 0.058 < 0.753 0.038 0.003 dorsal CA3 hippocampus 0.859 0.043 < 0.993 0.054 0.004
trapezoid body 0.135 0.008 0.105 0.014 0.004 cochlear nucleus 0.210 0.003 < 0.239 0.018 0.008
gigantocellular reticular area 1.040 0.110 < 1.253 0.045 0.004 accumbens core 0.585 0.013 0.557 0.009 0.008
magnocellular preoptic nucleus 0.097 0.016 < 0.128 0.009 0.005 ventral pallidum 0.355 0.038 < 0.446 0.054 0.020
reuniens nucleus 0.180 0.012 0.157 0.009 0.011 temporal ctx 0.308 0.017 < 0.416 0.082 0.022
triangular septal nucleus 0.046 0.024 < 0.086 0.013 0.012 basal amygdala 0.757 0.021 0.719 0.017 0.022
2nd cerebellar lobule 0.907 0.073 0.799 0.024 0.013 reticular area midbrain 1.097 0.045 < 1.213 0.076 0.023
CA2 hippocampus 0.128 0.011 < 0.148 0.009 0.014 arcuate nucleus 0.053 0.005 0.043 0.005 0.025
medial dorsal thalamus 0.181 0.022 < 0.232 0.031 0.017 pontine reticular nucleus caudal 0.753 0.038 < 0.933 0.140 0.027
dorsal CA3 hippocampus 0.948 0.052 0.859 0.043 0.018 lateral posterior thalamus 0.365 0.021 < 0.423 0.041 0.028
red nucleus 0.085 0.009 < 0.101 0.009 0.018 medial amygdala 0.214 0.017 0.177 0.024 0.029
primary somatosensory ctx shoulder 0.205 0.012 0.141 0.048 0.019 anterior pretectal nucleus 0.298 0.038 < 0.369 0.041 0.032
principal sensory nucleus trigeminal 0.555 0.022 < 0.599 0.025 0.019 intercalated amygdala 0.039 0.005 0.025 0.011 0.034
primary motor ctx 2.588 0.035 < 2.647 0.031 0.022 ventral CA1 hippocampus 0.586 0.064 < 0.676 0.031 0.037
temporal ctx 0.412 0.087 0.308 0.017 0.031 rostral piriform ctx 1.424 0.086 < 1.575 0.091 0.038
5th cerebellar lobule 1.697 0.029 1567 0.108 0.032 cortical amygdala 0.423 0.030 0.382 0.014 0.041
infralimbic ctx 0.447 0.016 0.391 0.048 0.039 habenula nucleus 0.176 0.012 < 0.206 0.023 0.043
ectorhinal ctx 0.232 0.019 < 0.288 0.047 0.039 locus ceruleus 0.036 0.005 0.046 0.008 0.052
primary somatosensory ctx forelimb  1.120 0.043 < 1.194 0.052 0.040 median raphe nucleus 0.140 0.008 0.150 0.002 0.054
dorsal medial striatum 1.135 0.024 < 1.190 0.043 0.040 dorsal medial striatum 0.043 1.112 0.061 0.058
parvicellular reticular area 0.897 0.106 < 1.015 0.022 0.041 solitary tract nucleus 0.016 0.213 0.013 0.062
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anterior amygdala
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Region Specific Molecular Markers of Oxidative Stress
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in APOE4 Females

Substantia Nigra Compacta

Brain Area P val

motor trigeminal nucleus 0.008

facial nucleus 0.022

anterior amygdala 0.024

basal amygdala 0.017

CA3 hippocampus ventral 0.032
central amygdala 0.012

cortical amygdala 0.006

dentate gyrus ventral 0.022
extended amydala 0.009
endopiriform nucleus 0.026
intercalated amygdala 0.028

lateral amygdala 0.037

w  magnocellular preoptic nucleus 0.021
; parabrachial nucleus 0.004
parvicellular reticular area 0.023
posterior hypothalamic area 0.037
caudal piriform ctx 0.024

rostral piriform ctx 0.038

pontine reticular nucleus caudal  0.011
principal sensory nucleus trigeminal 0.001

red nucleus

0.036

reticular nucleus midbrain 0.019

sub coeruleus nucleus 0.030
olfactory tubercles 0.028
trapezoid body 0.021
vestibular nucleus 0.019
ventral pallidum 0.021
zona incerta 0.004
Zona Incerta
Brain Area P val
moter trigeminal nucleus 0.004
root of trigeminal nerve 0.019
anterior amygdala 0.007
basal amygdala 0.019
CA1 hippocampus ventral 0.020
cortical amygdala 0.025
lemniscal nucleus 0.008
magnocellular preoptic nucleus 0.003
medial amygdala 0.023
olivary nucleus 0.011
paraventricular nucleus 0.032
parabrachial nucleus 0.014
parvicellular reticular area 0.002
pontine reticular nucleus oral 0.027
prerubral field 0.008

principal sensory nucleus trigeminal  0.002
pedunculopontine tegmental area  0.028

raphe linear 0.028

raphe magnus 0.015

red nucleus 0.006
reticular nucleus midbrain 0.004
substantia nigra compacta 0.004
supraoptic nucleus 0.031
solitary tract nucleus 0.018
sub coeruleus nucleus 0.028

vestibular nucleus

Region Specific Levels of 8-Hydroxy-2-Deoxyguanosine
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Nuclei
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Striatum Dorsal

Ventral Entorhinal Somatosensory Deep
Hippocampus Ctx Motor Ctx  Cerebellar
Nuclei

Hippocampus

Strlatum

Dorsal
Hippocampus

0.024

Cortical Amygdala
Brain Area P val
motor trigeminal nucleus 0.038
root of trigeminal nerve 0.001
anterior amygdala 0.000
CA1 hippocampus ventral 0.006
central gray 0.019
ventral dentate gyrus 0.013
dorsomedial tegmental area 0.033
endopiriform nucleus 0.011
lateral amygdala 0.023
lateral hypothalamus 0.042
lemniscal nucleus 0.019
magnocellular preoptic nucleus 0.002
medial geniculate 0.018
parabrachial nucleus 0.015
parvicellular reticular area 0.014
posterior hypothalamic area 0.009 /
caudal piriform ctx 0.015 |
rostral piriform ctx 0.006
premammillary nucleus 0.035
pontine nuclei 0.029
pontine reticular nucleus oral 0.041
prerubral field 0.033
principal sensory nucleus trigeminal  0.008
reuniens nucleus 0.030
raphe linear 0.020
red nucleus 0.003
reticular nucleus midbrain 0.010
reticulotegmental nucleus 0.029
substantia nigra compacta 0.006
solitary tract nucleus 0.031
olfactory tubercles 0.007
cochlear nucleus 0.006
vestibular nucleus 0.032
ventral pallidum 0.039
ventral subiculum 0.044
zona incerta 0.025
Extended Amygdala
Brain Area P val
motor trigeminal nucleus 0.003
root of trigeminal nerve 0.020
dorsal medial nucleus 0.023
entorhinal ctx 0.015
gigantocellular reticular area 0.023 )
interpeduncular nucleus 0.010 ¢
lemniscal nucleus 0.011
paraventricular hypothalamus 0.016
parvicellular reticular area 0.002
pedunculopontine tegmental area  0.003
raphe linear 0.007
reticular nucleus midbrain 0.009
substantia nigra compacta 0.009
supraoptic nucleus 0.027
subthalamic nucleus 0.003
sub coeruleus nucleus 0.008
ventral tegmental area 0.004

fold mMRNA expression (A(A(Ct))

Changes in Apoptosis

Region Specific Changes in Apoptosis gPCR Region Specific Changes in Genes Responsible for

Caspase-3
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Male APOE4

 Male APOEA4 rats show a deficit in cognitive function.

e This deficit is associated with microarchitectural changes in
cerebral cortex, cerebellum and reticular activating system.

 Measures of oxidative stress are increased in cortex and
cerebellum

* Functional connectivity is weak and altered between cerebral
cortex and ventral brain areas e.g., amygdala, olfactory
tubercles, preoptic areas

 There are few differences in brain volumes as compared to
WT.

Female APOE4

e Female APOEA4 rats show normal cognitive function.

* Microarchitectural changes are associated with olfaction,
ventral striatum and hippocampus.

* No post mortem measures were taken.

* Functional connectivity is strong with a cluster of brain areas
e.g., principle sensory n. trigeminal, reticular activating
system, amygdala and zona incerta, forming the core.

 There are many differences in brain volumes as compared to
WT e.g., cortex, reticular activating system, and principle
sensory n. trigeminal most of which show female APOE4 are
larger the WT.

Speculation

Alzheimer’s is a disease of aging. Male APOE4 rats, while adult
at 5 months, are not old. Yet they show a deficit in cognition
and alterations in brain microarchitecture, oxidative stress and
connectivity. In contrast, female APOE4 rats of the same age
have normal cognition, strong connectivity between core areas
and many significantly enlarged brain areas as compared t WT.
QUESTION
Does the APOE4 isoform confer some benefit to healthy adult
females while they are still reproductively active?

This works was funded by SAGE Labs a Horizon Discovery Group
Company and Ekam Imaging Inc.

Changes in Mitochondrial Genes
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