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Isolation housing exacerbates Alzheimer's Disease phenotype in aged APP KI mice
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Abstract

In January 2018, Britain was the first in the world to adopt a Minister of Loneliness. This
illustrates the changing view on loneliness: being lonely is not just a feeling of a lack of
companionship, but also a serious health problem. For example, we know that loneliness is as
bad as smoking 15 cigarettes a day. Moreover, research has shown that lonely people express
higher levels of cortical amyloid. Amyloid burden is an important marker of Alzheimer’s
Disease (AD), a chronic neurodegenerative disease and the main cause of dementia worldwide.
Together with other findings a link between loneliness, (perceived) social isolation and AD is
now undeniable, but it is hard to tell from human studies whether it is the cause or the effect of
AD. We need standardized animal studies to answer this question.

In an effort to study how social isolation and AD interact, we used APP KI mice bearing human
transgenes known to cause AD, and isolated part of the mice in order to mimic loneliness in late-
life while part of them remained group-housed. We next looked at the effects of isolation on the

behaviour and symptomatology typically present in AD patients to tap cognition.

Our study reveals mixed results. Results indicate that at before isolation, at the age of 16 and 24
months, APPNUNE and APPNL-C-FINLG-F myjce do not differ to a significant extent on both the
behavioural level. The APPN-C-FNL-GF gifferentiated slightly worse between the conditioned
context and a new context compared to the APPNYNE mice. However, the difference appeared to
be more pronounced after a period of social isolation. Social isolation had distinct effects on the
AD-related anxiogenic and dementia-like phenotype. Spatial learning in the MWM task revealed
distinct differences between our two models. After isolation APPNSGFNL-G-F mice used less
spatial search strategies, compared to control mice, thus reflecting perseveration and less

behavioural flexibility due to the isolation period.
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Introduction

Alzheimer’s Disease (AD) is a brain disorder with a degenerative development that makes up for
the majority of all dementia cases worldwide (Alzheimer Association, 2017). Studies estimate
the prevalence of dementia to be over 40 million people worldwide, with primarily people older
than 60 years falling subject to the disease (Prince et al., 2013). The prevalence is projected to
increase until at least 2050 by a rate of two to one every 20 years (Scheltens et al., 2016).

One of the hallmarks of AD is the presence of dense deposits that consist of amyloid. The
deposits can be found in the functional tissue of the brain, or enclosing vascular tissue (Blennow,
Mattsson, Scholl, Hansson, & Zetterberg, 2015; Crews & Masliah, 2010; Sakono & Zako, 2010).
The AP plaques comprise redundant amounts of typical AP protein, which are innate to the
cleavage process of the amyloid precursor protein (APP) by the - and y-secretase complex
(Masters et al., 1985). These AP plaques are observed in two different states: Either in a diffuse
(soluble) state or in a dense core state (Haass & Selkoe, 2007; Sakono & Zako, 2010; Selkoe,
2008; Shankar & Walsh, 2009). The toxic effects of aberrant AP plaques that lead to the
symptoms seen in AD, start with impaired signalling between synapses (Kopeikina et al., 2011;
Palop et al., 2007). Eventually, the toxicity of the aberrant AP plaques induces elevated abnormal
electrical activity patterns all over the brain, resulting in a maladaptive neural network (Palop et
al., 2007).

Social isolation (SI) or loneliness is a frequently recurring risk factor for AD, and dementia in
general (Friedler, Crapser, & McCullough, 2015; Mushtaq, Shoib, Shah, & Mushtaq, 2014;
Wilson et al., 2007). Social isolation is defined as “the absence or insufficient contact with
others” (Friedler et al., 2015) and serves as a potential source of psychological stress. Due to its
link with psychological stress, Sl increases the risk for neuropsychological disorders and
mortality in elderly (Friedler et al., 2015; Gilman et al., 2015; Jiang, Cowell, & Nakazawa, 2013;
O’Keefe et al., 2014). The literature further suggests that Sl is a potential risk factor for age-
dependent cognitive impairments, dementia and more specifically AD (Leser & Wagner, 2015).
One study found that S1 and loneliness had a higher prevalence in AD patients compared to a
group of healthy controls (EIl Haj et al., 2016). Sl is also linked with cortical amyloid burden in
healthy adults, further suggesting that SI could be a manifestation relevant to preclinical AD
(Donovan et al., 2016).
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The potential adverse association between Sl and AD has been repeatedly investigated in rodents
as well (Ali, Khalil, Elariny, & Elfotuh, 2017; Hsiao, Chen, Chen, & Gean, 2011; Hsiao, Kuo,
Chen, & Gean, 2012; H. Huang et al., 2015; H. J. Huang, Liang, Ke, Chang, & Hsieh-Li, 2011).
According to research, Sl accelerates impairment of contextual fear memory in APP/PS1 mice
by damaging long-term potentiation in CA1 neurons of the hippocampus (Hsiao et al., 2011).
The same study also discovered increased levels AP plaques in the socially isolated mice
compared to socially housed mice. In an opposite manner, group life appeared to delay the AD
process in APP695/PS1-dE9 mice (Huang et al., 2015). In rats, a four-week period of SI was
enough to induce neuronal deterioration and increased aggregation of AP plaques, as SI
increased DNA fragmentation and enhanced the susceptibility for AD (Ali et al., 2017). An
additional method to investigate the association between AD and Sl is by looking at the
structural connectome in socially isolated mice. In C57BL/6 mice, deficits in fear memory,
induced by manipulation of the group size, correlated with changes in the structural connectome
(Liu et al., 2016). The specific influence of SI on the progression of AD is largely unknown. Sl
has been shown to lead to increased production of aberrant AP plaques and phosphorylation of
tau (Hsiao et al., 2012; Huang et al., 2015). Also, the adverse effects of social isolation are
initiated by an increase in oxidative stress and an elevated inflammatory response (Powell et al.,
2013). This in turn can be followed by the inhibition of anti-inflammatory responses (Azzinnari
et al., 2014), synaptic plasticity (Djordjevic, Adzic, Djordjevic, & Radojcic, 2009) and
myelination (Liu et al., 2012); mechanisms involved in the pathogenesis of AD.

Methods
Animals

Twenty-three mice, 10 APPNSG-FNL-G-Fand 13 APPNYNE mijce were used. Mice originated from
the Riken Institute colony (Laboratory for Proteolytic neuroscience, Riken Brain Science
Institute, Japan). APPNYNL mice are considered to be a suitable negative control for the APPNS¢-
FINL-G-F mice as the degree of APP should be identical in both models (Saito et al., 2014). Thus,
the effects resulting from an increased AB42/AB40 ratio (Beyreuther/Iberian mutation) and
increased AP amyloidosis (Arctic mutation) can be interpreted more straightforward. The mice

were maintained under standard housing conditions, lights on at 08:00, lights off at 20:00, and
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provided with food and water ad libitum. All procedures were performed in agreement with the
European Directive 2010/63/EU on the protection of animals used for scientific purposes. The
protocols were approved by the Committee on Animal Care and Use at KU Leuven, Belgium
(permit number: P139/2017) and all efforts were made to minimize suffering.

Experimental Procedure

The experiment was split in two phases; the pre-isolation and isolation phase. From birth
onwards, the mice were group-housed, all of the same age. Behavioural testing (Morris Water
Maze and Contextual Fear Conditioning) began two weeks prior to isolation, these
measurements served as the pre-isolation baseline measure of learning and memory. One day
after terminating baseline testing, all mice were socially isolated for four weeks. At the end of
the isolation phase, all mice were scanned at the MoSalC Lab KU Leuven, and underwent an
adapted version of the earlier conducted behavioural test battery (Reversal Morris Water Maze
and Contextual Fear Conditioning).

Behavioural tests

Morris Water Maze. The Morris Water Maze (MWM) test was performed prior to the isolation
phase to assess hippocampal dependent spatial learning and memory (D’Hooge & De Deyn,
2001). Mice need to rely on visual spatial cues to locate a submerged platform (15 cm diameter,
5 mm beneath the surface) in a round pool (150 cm diameter) filled with opaque water (non-toxic
white paint, 26 = 1 °C). The test began with five days of acquisition training whereby each daily
session existed of four trials (1-hour inter-trial interval), each trial started randomly from one of
the four distinct starting locations [(day 1: 4,3,2,1), (day 2: 3,1,4,2), (day 3: 2,4,1,3), (day 4:
4,1,3,2), (day 5: 1,2,4,3)]. Mice were transported on a fly-swatter to the boundary of the maze
and had to swim towards the platform, after which they were transported back to their cage
underneath warming lamps. Swimming tracks were recorded via a PC-interfaced camera located
above the water maze and analysed with EthoVision software (Noldus, Wageningen, The
Netherlands). Mice that failed to locate the submerged platform within 120 seconds were guided
via the fly-swatter towards the platform and had to remain on the platform for 10 seconds before
being transported back to their cages. Two days after the last acquisition session ‘probe trials’
were conducted to assess reference memory performance. Reference memory performance is

defined as the predilection for the platform area/quadrant when the platform is absent (100
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seconds) (D’Hooge & De Deyn, 2001). Analyses during acquisition phase included calculating
distance moved, escape latency (time-to-reach platform) and velocity via a repeated measures
ANOVA (RM-ANOVA). During the probe trials analyses include time spent in each quadrant,

frequency of visiting target area/quadrant and latency to reach target area/quadrant.

Reversal Morris Water Maze. The Reversal MWM is a shorter version of the MWM, used at
the end of the isolation phase. At the start of the Reversal MWM procedure, a probe trial is
conducted to assess whether there is still a remaining preference for a specific quadrant area
from before the isolation phase. Then, two consecutive days with daily four trials are conducted
in the same conditions as the MWM (Starting positions: 4,3,2,1; 2,4,3,1). However, the platform
is placed into the opposing quadrant compared to its position during the regular MWM test
earlier. At last, a final probe trial without platform (100 seconds) is conducted at the end of the
second day to test reference memory performance. The same analysis procedure was used as in
the regular MWM test.

Contextual Fear Conditioning. Context- and cue-dependent fear conditioning (CFC) is studied
using an adapted protocol from Paradee et al. (1999). Electric foot shocks are applied to evoke a
freezing response, which is acknowledged as a reliable measure of innate and conditioned fear in
rodents (Paradee et al., 1999). The CFC test takes place in an experimental freezing set-up
(Panlab, Barcelona, Spain), consisting of a test compartment (26 cm wide x 26 cm long X 27 cm
high), with a grid floor placed over a startle platform and a force transducer which records
animal movements. The test compartment and startle platform are located within a bigger
ventilated and sound-attenuated cubicle (60 cm wide x 45 cm long x 48 cm high) with a build-in
speaker. Movements of the animal are identified and recorded by the force transducer with a
sampling rate of 50 Hz and saved as raw data on a PC. Two similar set-ups were used, however,
to avoid confounding variables, the two groups were randomized but counterbalanced over the
two set-ups. Each mouse was always tested in the same experimental set-up. The set-up is
cleaned between each trial with an ethanol-based solution to ensure proper shock conductance.
The pre-isolation CFC tests occurred over a period of three days. On the first day, the mice were
placed in the set-up (Context A: dark, grid floor, Instanet (ethanol-based cleaning solution) and
were able accommodate to the environment for five minutes during the ‘habituation phase’.

During this phase, mobility is measured but no stimuli were provided. On the second day,
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exactly 24 hours later, the animals were placed back into the experimental set-up (Context A)
and were able to acclimatize for two minutes. Subsequently, after these two minutes, two 30
second acoustic stimuli (4 kHz, 80 dB, interstimulus interval 1 minute) were presented which co-
terminated with a 2 seconds 0.2 mA foot shock. This period of four minutes (2-minute
acclimatization + 30 seconds stimuli and shock (1) + 1-minute interstimulus interval + 30
seconds stimuli and shock (2)) was used to calculate shock induced freezing (fear conditioning
phase). Again 24 hours later, on the third day, animals were returned to the experimental set-up
(Context A) for five minutes of shock-free exploration in the same context as the previous day
(context test). Two hours later, the animals were returned to the test chamber in new context:
Context B (lights, plastic grid cover, peppermint odour).The animals were observed for a total
time of six minutes, during the first three minutes no stimulus was delivered (pre-cue score, or
new context), this was followed by a three-minute presentation of the auditory cue (cued fear
test). For the second assessment of the CFC after isolation, we repeated the protocol of the
second and third day 24 hours apart without the habituation phase. However, for the third day we

used context C (red light, soft grid cover, lavender odour) instead of context B.

Results
Isolation housing decreased learning and memory of aged APP KI mice

Before the Sl phase, learning during the acquisition phase was observed for both groups (RM-
ANOVA, Day, F(1,576) = 20.83, p < .0001) via a significant decrease in escape latency over the
training days (see Figure 1A). However, the RM-ANOVA showed no statistical difference
between the learning curves of the APPNLC-FNL-G-F and APPNUNL mice during acquisition (RM-
ANOVA, Genotype effect, F(1,576) = 0.16, p = .693; RM-ANOVA, “Day x Genotype”
interaction, F(1,576) = 0.22, p = .639). The distance covered by the mice before escaping
decreased during acquisition phase (RM-ANOVA, Day, F(1,576) =59.17, p <.001), however no
group differences were observed (RM-ANOVA, “Day x Genotype” interaction, F(1,576) = 1.83,
p =.177) (see Figure 1B). Swimming speed (velocity) increased during acquisition (RM-
ANOVA, day, F(1,576) = 74.04, p <.0001), again no difference between the groups was
observed (RM-ANOVA, “Day x Genotype” interaction, F(1,576) = 3.17, p = .075). A probe trial
was conducted two days after the last acquisition day to assess spatial reference memory. The
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probe trial did not show a significant preference for the target quadrant compared to the other
quadrants for both APPNLG-FNL-G-F and APPNUNL mice, on the contrary, both the APPNL-G-F/NL-G-F
and APPNYNL mice stayed significantly longer in the opposing quadrant, which was the starting
position of the probe trial (one-way ANOVA, APPNEG-FINL-G-F (3 60) = 12.44, p < .0001;
APPNUNL "E(3,48) = 3.77, p = .016), and no group differences were observed (two-way ANOVA,
“genotype x time in quadrant” interaction effect, F(3,108) = 1.26, p =.292). Their preference for
the starting quadrant can be seen in the heatmaps of both groups for probe trial 1 (see Figure 2).

A B

=0 NL-G-F  emetltem NL =0 NL-G-F el NI

oo
&
-
]
8

g

= 1000

Path length (cm
= Y=}
(=} (=]
S B

2
~
=}
]

Escape latency (seconds)

w

&
@
=}
]

wu

=}
5.
=}
S

Trial block (days) Trial block (days)

Figure 1. Learning curves during the acquisition phase of the MWM. A Time-to-reach platform
decreased over the training days, however no differences are observed between the two group. B
The covered distance during trials decreased significantly over the training days, both groups do

not differ in this aspect.

After the Sl phase, the Reversal MWM protocol was used to assess spatial learning. Before the
acquisition phase was performed, a probe trial (probe trial 2) was conducted to assess whether
there was still a preference for a specific quadrant area. Probe trial 2 (see Figure 2) showed a
significant preference of the APPNYNL mice to remain longer in the opposing quadrant, which
was also the starting position of probe trial 2 (one-way ANOVA, APPNUNL 'F(3,48) = 4.66, p =
.006). The APPNL-C-FINL-G-F showed a non-significant trend to remain longer in the starting
quadrant (one-way ANOVA, APPNL-GFINLGF £(3 36) = 2.30, p = .094), however no group
differences were observed when comparing both groups (two-way ANOVA, “genotype x time in

quadrant” interaction effect, F(3,84) = 0.69, p = .561).
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Learning curves for the reversal MWM, based on escape latency over the two acquisition days,
were not observed in both the APPNSCFNLGF and APPNYNL mijce. Escape latency did not
change significantly (RM-ANOVA, model, F(3,157) = 2.09, p = .103) during the acquisition
phase, and neither did velocity (RM-ANOVA, model, F(3,157) = 2.60, p = .054). Distance
travelled became significantly smaller during acquisition (RM-ANOVA, day, F(1,157) =4.02, p
=.046), however no interaction with genotype was observed (RM-ANOVA, “day x genotype”
interaction, F(1,157) = 1.80, p =.182). The third probe trial (after two acquisitions days of the
Reversal MWM) showed a significant preference for the target quadrant, APPNL-G-F/NL-G-F
showed a preference to remain in the opposing quadrant (see Figure 2A), which was the starting
quadrant of the probe trial, whereas APPNYN-mice learned the new platform position (F(3,48) =
16.03, p <.0001). No group differences were observed (two-way ANOVA, “genotype x time in
quadrant” interaction effect, F(3,84) = 1.45, p = .235).
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Figure 2. Heat maps and mean time spent in the quadrants during the probe trials in the MWM.
A Merged group heat maps of all three probe trials, the mouse indicates the starting position, the
bold black circle indicates the target area. Heat plots show insight in the dwell frequency, which
is indicated by coloration from red through blue. Probe trial 1 was performed two days after the
acquisition phase of the MWM. Probe trial 2 was conducted before starting with the reversal
MWM and probe trial 3 was performed at the end of the reversal MWM training phase. After S
the APPNEG-FINL-G-F mjce perseverate to the previous platform position, whereas the control mice
learned the new platform position. B Total time in the quadrants shows a clear preference for the
starting quadrant (Q1 for probe trials 1 and 2, Q2 for probe trial 3) (*p < 0.01).

Social Isolation exacerbates fear memory of aged APP KI mice

In the CFC task before SI, both groups did not display significantly different freezing rates when
exposed to the same context (context test) after the experience of a foot shock (p > 0.05 for all
comparisons). However, the APPN-GFNL-G-F mjce showed a higher freezing rate within the first
minute of the cued fear test (exposed to a different context without cue compared to the
conditioning phase) compared to the APPNYNE mice (t(27) = -2.06, p = .049) (see Figure 3A).
From the second to sixth minute of the cued fear test no differences were observed between the
two groups (p > 0.05 for all comparisons). When looking at the average freezing rates in the two
phases of the cued fear test (no auditory cue: First to third minute; with auditory cue: Fourth to
sixth minute) no significant differences are observed between the two groups.

After SI, groups did not display a significant difference in freezing rates when exposed to
same context after the experience of a foot shock (context test). However, when introduced to a
new context (cued fear test), the APPNL-C-FNLEGF myjce showed a higher freezing rate within the
first and second minute (without auditory cue) (first minute, t(21) = -2.57, p = .018; second
minute, t(21) = -3.59, p =.002). When looking at the average freezing rates in the two phases of
the cued fear test (no auditory cue: First to third minute; with auditory cue: Fourth to sixth
minute), the APPNL-C-FNL-G-F mice showed a significant higher freezing rate during the first phase
(new context without auditory cue) compared to the APPNYNL mice (t(21) = -2.97, p = .007) (see
Figure 3B). No significant differences are observed in the second phase (new context with

auditory cue).
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Figure 3. Mean freezing rates (%) during the CFC task. Before SI, the APPNYN- mice displayed a
significant different between the pre-conditional and conditional stimulus phase in the new
context. After Sl, a significant difference is observed in freezing between the APPNYNE and

APPNL-G-FINL-G-F myjee during the pre-conditional stimulus phase in the new context (*p < 0.01).

Discussion

A new strain of knock-in (K1) mice (APPNLG-FINL-GFy carrying Swedisch (NL),
Beyreuther/Iberian (F), and Arctic (G) mutations in the APP gene are used for our study. Each
mutation has its own corresponding pathological feature. The Swedish mutation promotes
expression of AB40 and APB42 and the Beyreuther/Iberian mutation elevates the ratio of Ap42 to
APB42, which further increases the expression of AB42. The newly added Arctic mutation
stimulates Af amyloidosis limited to areas with neuroinflammatory responses (Masuda et al.,
2016; Saito et al., 2014). Hence, APPN-G-FNL-G-F myjce produce APP similar to APPNL-F/NL-F
mice, resulting in increased AP40 and AB42 expression and an increased AB42 to AB40 ratio in
an age-dependent manner, assuming that there are no interactions with the additional Arctic
mutation. The additional value of the APPNS"C-FNL-G-F model originates from the Arctic mutation.
This mutation causes destructive AP amyloidosis by altering the binding process of antibodies to
AP (Saito et al., 2014). The APPNYNE model with only the Swedish mutation is frequently used
as a control model since the AP deposition and amyloidosis are insignificant (Saito et al., 2014).
While Saito et al. (2014) demonstrated the increased value of the new APP KI model for

experimental studies of AD, characterization of the behavioural phenotype of the model remains
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inadequate. Concluding that the APPNL-C-FNL-G-F pjce showed typical AB pathology,
neuroinflammation and memory impairment in previous research (Masuda et al., 2016; Saito et
al., 2014), this strain can serve as an exemplary medium for studying pathological mechanisms
of AD.

Subtle effects were found between the two strains before SI. CFC revealed a worse performance
for the APPNL-G-FINLGF \when placed in a new context, however the difference appeared to be
more pronounced after a period of SI. Spatial learning in the MWM task did not reveal any
differences between our two strains. Before Sl, both strains showed a learning curve in the
MWM during acquisition. Over five days of training, the escape latency decreased significantly
in both groups. It is surprising that 16- and 23 months old APP KI mice were still able to learn to
some extent, considering the extent of their predicted Ap pathology (Masuda et al., 2016; Saito et
al., 2014). However, the probe trials revealed that the learning effects during acquisition did not
translate to a preference for the target quadrant two days after the last training day. During the
probe trials, both groups spent most of the time in the starting quadrant (opposing quadrant).
Both groups could not recall the place of the platform, however there was a statistical difference
in the frequency of visits of the target quadrant, meaning that the APPN-C-F/NL-G-F mjce visited
the target quadrant more often compared to the APPNYN- mice. However, the time spent in the
target quadrant does not differ between the groups, hence we cannot infer that the APPNLG-FNL-C-
F mice recall the place of the platform better than the APPNYNL mice.

However, after Sl, only the control group showed clear signs of spatial learning via the
reversal MWM. The absence of learning effects could be caused by our relatively small sample
size of 23 mice (10 APPNSCFNL-GF mijce and 13 APPNYNE mice). It could be argued that aging
effects are causing the deficiency in learning effects. Before S, both the APPNL-C-FNL-G-F gng
APPNUNL mice displayed the same freezing rates during the context test (same context as during
conditioning phase), therefore we can conclude that both groups learned the association of the
context and the foot shock. Group differences were observed during the cued fear test. Within
the first minute in a new context without the auditory cue, the APPNSC-FNL-G-F mjce showed
increased freezing rates compared to the APPNYNE mice. The APPNSC-FINL-G-F myjce cannot make
the distinction between the new and old context, the APPNYNE mice do seem to be able to make
the distinction between the context from the fear conditioning phase and the new context.
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However, when the auditory cue is introduced within the new context, both groups show the
same freezing rates. For the APPNS-C-FNL-GF mice, the amount of freezing during the cued fear
test is the same with and without the auditory cue. For the APPNYNL mice, the freezing rates
between the cued fear test with and without auditory cue are significantly different. Hence, the
APPNUNL mice seem to make the distinction between the original context and new context in the

absence of the auditory cue, a distinction the APPN--C-FNL-C-F mice do not seem to make.

The CFC task was repeated after a period of SI. Both groups displayed the same freezing rates in
the context test, both strains do seem to learn the meaning of the context, which is associated
with a pain stimulus. However, the difference between the APPNSCFNLGF and APPNUNL mijce
looks to be less pronounced during the cued fear test. The amount of freezing during the cued
fear test without auditory cue compared the presence of the auditory cue is no longer
significantly different for both groups. The APPNS-C-FNL-GF mice have the same freezing rates in
the two blocks. For the APPNYNL mice there appears to be a trend for a difference in freezing

rates with and without auditory cue, but this is not significant.

Indeed, the main psychological symptom observed in AD is indeed spatial memory
impairment (like in MWM test), but now we speculate that recall may be influenced when an
emotional component is associated with a (negative) event. In AD subjects this can even be
enhanced through social isolation, as our (single) foot-shock experiment show. According to our
findings, isolated housing is a risk factor for memory dysfunctions. It can be concluded that
results concerning the effects of SI on memory are not equivocal. While long-term spatial
memory is unaffected by SI, there seems to be an impact on long-term fear memory. This needs
further research into the mechanisms of memory formation in healthy and disease, and in

loneliness as well as ‘normal’ social settings.

We can conclude, that if social isolation is a risk factor for AD, it therefore could be a modifiable
one. Targeting isolated individuals of all ages may therefore have the potential to decrease AD in
the population, which is currently one of the ultimate priorities of our global public health. Also
the possibility that re-socialization after a period Sl is able to undo any negative effects demands
further investigation. If SI has a deleterious impact on cognition, re-socialization, physical or

cognitive stimulation could have the potential of functioning as a protective treatment of AD.

12


http://dx.doi.org/10.1101/777524
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint first posted online Sep. 20, 2019; doi: http://dx.doi.org/10.1101/777524. The copyright holder for this preprint
(which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC-ND 4.0 International license.

References

Agosta, F., Pievani, M., Geroldi, C., Copetti, M., Frisoni, G. B., & Filippi, M. (2012). Resting
state fMRI in Alzheimer’s disease: Beyond the default mode network. Neurobiology of
Aging, 33(8), 1564-1578. https://doi.org/10.1016/j.neurobiolaging.2011.06.007

Akiyama, H., Barger, S., Barnum, S., Bradt, B., Bauer, J., Cole, G. M., ... Wyss-Coray, T.
(2000). Inflammation and Alzheimer’s disease. Neurobiology of Aging.
https://doi.org/10.1016/S0197-4580(00)00124-X

Ali, A. A., Khalil, M. G., Elariny, H. A., & Elfotuh, karema A. (2017). Study on Social Isolation
as a Risk Factor in Development of Alzheimer’s Disease in Rats. Brain Disorders &
Therapy, 06(02). https://doi.org/10.4172/2168-975X.1000230

Association, A. (2017). 2017 Alzheimer’s disease facts and figures. Alzheimer’s Dement, 13,
325-373. https://doi.org/https://doi.org/10.1016/j.jalz.2017.02.001

Azzinnari, D., Sigrist, H., Staehli, S., Palme, R., Hildebrandt, T., Leparc, G., ... Pryce, C. R.
(2014). Mouse social stress induces increased fear conditioning, helplessness and fatigue to
physical challenge together with markers of altered immune and dopamine function.

Neuropharmacology. https://doi.org/10.1016/j.neuropharm.2014.05.039

Banik, A., Brown, R. E., Bamburg, J., Lahiri, D. K., Khurana, D., Friedland, R. P., ... Anand, A.
(2015). Translation of pre-clinical studies into successful clinical trials for Alzheimer’s
disease: What are the roadblocks and how can they be overcome? Journal of Alzheimer’s
Disease. https://doi.org/10.3233/JAD-150136

Barnes, D. E., & Yaffe, K. (2011). The projected effect of risk factor reduction on Alzheimer’s
disease prevalence. The Lancet Neurology. https://doi.org/10.1016/S1474-4422(11)70072-2

Bennett, D. A., Schneider, J. A., Tang, Y., Arnold, S. E., & Wilson, R. S. (2006). The effect of

social networks on the relation between Alzheimer’s disease pathology and level of
cognitive function in old people: a longitudinal cohort study. The Lancet Neurology, 5(5),
406-412. https://doi.org/10.1016/S1474-4422(06)70417-3

Bettens, K., Sleegers, K., & Van Broeckhoven, C. (2013). Genetic insights in Alzheimer’s
disease. The Lancet Neurology. https://doi.org/10.1016/S1474-4422(12)70259-4

13


http://dx.doi.org/10.1101/777524
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint first posted online Sep. 20, 2019; doi: http://dx.doi.org/10.1101/777524. The copyright holder for this preprint
(which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC-ND 4.0 International license.

Biswal, B., Yetkin, F. Z., Hyde, J., & Haughton, V. M. (1996). Functional connectivity of the
auditory cortex studied with FMRI. Neurolmage, 3(3), S305. https://doi.org/10.1016/S1053-
8119(96)80307-7

Blennow, K., Mattsson, N., Schéll, M., Hansson, O., & Zetterberg, H. (2015). Amyloid
biomarkers in Alzheimer’s disease. Trends in Pharmacological Sciences, 36(5), 297-309.
https://doi.org/10.1016/j.tips.2015.03.002 Review

Boche, D., Denham, N., Holmes, C., & Nicoll, J. A. R. (2010). Neuropathology after active
AP42 immunotherapy: Implications for Alzheimer’s disease pathogenesis. Acta

Neuropathologica, 120(3), 369—384. https://doi.org/10.1007/s00401-010-0719-5

Boutajangout, A., & Wisniewski, T. (2014). Tau-Based Therapeutic Approaches for Alzheimer’s
Disease - A Mini-Review. Gerontology, 60(5), 381-385. https://doi.org/10.1159/000358875

Brodaty, H., Seeher, K., & Gibson, L. (2012). Dementia time to death: A systematic literature
review on survival time and years of life lost in people with dementia. International
Psychogeriatrics. https://doi.org/10.1017/S1041610211002924

Carson Smith, J., Nielson, K. A., Woodard, J. L., Seidenberg, M., & Rao, S. M. (2013). Physical
activity and brain function in older adults at increased risk for Alzheimer’s disease. Brain

Sciences. https://doi.org/10.3390/brainsci3010054

Choi, I. Y., Lee, S. P., Guilfoyle, D. N., & Helpern, J. A. (2003). In vivo NMR studies of
neurodegenerative diseases in transgenic and rodent models. Neurochemical Research.
https://doi.org/10.1023/A:1023370104289

Clavaguera, F., Bolmont, T., Crowther, R. A., Abramowski, D., Frank, S., Probst, A., ... Tolnay,
M. (2009). Transmission and spreading of tauopathy in transgenic mouse brain. Nature Cell
Biology, 11(7), 909-913. https://doi.org/10.1038/ncb1901

Corder, E., Saunders, A., Strittmatter, W., Schmechel, D., Gaskell, P., Small, G., ... Pericak-
Vance, M. (1993). Gene dose of apolipoprotein E type 4 allele and the risk of Alzheimer’s
disease in late onset families. Science, 261(5123), 921-923.
https://doi.org/10.1126/science.8346443

Craddock, R. C., Jbabdi, S., Yan, C. G., Vogelstein, J. T., Castellanos, F. X., Di Martino, A., ...

14


http://dx.doi.org/10.1101/777524
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint first posted online Sep. 20, 2019; doi: http://dx.doi.org/10.1101/777524. The copyright holder for this preprint
(which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC-ND 4.0 International license.

Milham, M. P. (2013). Imaging human connectomes at the macroscale. Nature Methods,
10(6), 524-539. https://doi.org/10.1038/nmeth.2482

Crews, L., & Masliah, E. (2010). Molecular mechanisms of neurodegeneration in Alzheimer’s
disease. Human Molecular Genetics, 19(R1). https://doi.org/10.1093/hmg/ddg160

Cummings, J. L., Morstorf, T., & Zhong, K. (2014). Alzheimer’s disease drug-development
pipeline: Few candidates, frequent failures. Alzheimer’s Research and Therapy, 6(4), 1-7.
https://doi.org/10.1186/alzrt269

D’Hooge, R., & De Deyn, P. P. (2001). Applications of the Morris water maze in the study of
learning and memory. Brain Research Reviews (Vol. 36). https://doi.org/10.1016/S0165-
0173(01)00067-4

Damoiseaux, J. S., Rombouts, S. A. R. B., Barkhof, F., Scheltens, P., Stam, C. J., Smith, S. M.,
& Beckmann, C. F. (2006). Consistent resting-state networks across healthy subjects.
Proceedings of the National Academy of Sciences, 103(37), 13848-13853.
https://doi.org/10.1073/pnas.0601417103

De Calignon, A., Polydoro, M., Suarez-Calvet, M., William, C., Adamowicz, D. H., Kopeikina,
K.J., ... Hyman, B. T. (2012). Propagation of Tau Pathology in a Model of Early
Alzheimer’s Disease. Neuron, 73(4), 685-697. https://doi.org/10.1016/j.neuron.2011.11.033

Djordjevic, A., Adzic, M., Djordjevic, J., & Radojcic, M. B. (2009). Chronic social isolation is
related to both upregulation of plasticity genes and initiation of proapoptotic signaling in
Wistar rat hippocampus. Journal of Neural Transmission. https://doi.org/10.1007/s00702-
009-0286-x

Donovan, N. J., Okereke, O. L., Vannini, P., Amariglio, R. E., Rentz, D. M., Marshall, G. A., ...
Sperling, R. A. (2016). Association of higher cortical amyloid burden with loneliness in
cognitively normal older adults. JAMA Psychiatry, 73(12), 1230-1237.
https://doi.org/10.1001/jamapsychiatry.2016.2657

Drummond, E., & Wisniewski, T. (2017). Alzheimer’s disease: experimental models and reality.

Acta Neuropathologica, 133(2), 155-175. https://doi.org/10.1007/s00401-016-1662-Xx

El Haj, M., Jardri, R., Largi, F., & Antoine, P. (2016). Hallucinations, loneliness, and social

15


http://dx.doi.org/10.1101/777524
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint first posted online Sep. 20, 2019; doi: http://dx.doi.org/10.1101/777524. The copyright holder for this preprint

(which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC-ND 4.0 International license.

isolation in Alzheimer’s disease. Cognitive Neuropsychiatry, 21(1), 1-13.
https://doi.org/10.1080/13546805.2015.1121139

Erickson, K. I., Gildengers, A. G., & Butters, M. A. (2013). Physical activity and brain plasticity
in late adulthood. Dialogues in Clinical Neuroscience, 15(1), 99-108.
https://doi.org/10.4081/ar.2012.e6

Ertekin-Taner, N. (2007). Genetics of Alzheimer’s Disease: A Centennial Review. Neurologic
Clinics. https://doi.org/10.1016/j.ncl.2007.03.009

Finn, E. S., Shen, X., Scheinost, D., Rosenberg, M. D., Huang, J., Chun, M. M., ... Constable, R.
T. (2015). Functional connectome fingerprinting: Identifying individuals using patterns of
brain connectivity. Nature Neuroscience, 18(11), 1664-1671.
https://doi.org/10.1038/nn.4135

Friedler, B., Crapser, J., & McCullough, L. (2015). One is the deadliest number: the detrimental
effects of social isolation on cerebrovascular diseases and cognition. Acta
Neuropathologica. https://doi.org/10.1007/s00401-014-1377-9

Gilman, S. E., Ni, M. Y., Dunn, E. C., Breslau, J., Mclaughlin, K. A., Smoller, J. W., & Perlis, R.
H. (2015). Contributions of the social environment to first-onset and recurrent mania.
Molecular Psychiatry. https://doi.org/10.1038/mp.2014.36

Glass, C. K., Saijo, K., Winner, B., Marchetto, M. C., & Gage, F. H. (2010). Mechanisms
Underlying Inflammation in Neurodegeneration. Cell.
https://doi.org/10.1016/j.cell.2010.02.016

Gotz, J. (2001). Formation of Neurofibrillary Tangles in P301L Tau Transgenic Mice Induced by
Abeta 42 Fibrils. Science, 293(5534), 1491-1495. https://doi.org/10.1126/science.1062097

Gotz, J., & Ittner, L. M. (2008). Animal models of Alzheimer’s disease and frontotemporal
dementia. Nature Reviews Neuroscience, 9(7), 532-544. https://doi.org/10.1038/nrn2420

Gozzi, A., & Schwarz, A. J. (2016). Large-scale functional connectivity networks in the rodent
brain. Neurolmage. https://doi.org/10.1016/j.neuroimage.2015.12.017

Grandjean, J., Schroeter, A., Batata, I., & Rudin, M. (2014). Optimization of anesthesia protocol

16


http://dx.doi.org/10.1101/777524
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint first posted online Sep. 20, 2019; doi: http://dx.doi.org/10.1101/777524. The copyright holder for this preprint
(which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC-ND 4.0 International license.

for resting-state fMRI in mice based on differential effects of anesthetics on functional
connectivity patterns. Neurolmage, 102(P2), 838-847.
https://doi.org/10.1016/j.neuroimage.2014.08.043

Guilfoyle, D. N., Gerum, S. V., Sanchez, J. L., Balla, A., Sershen, H., Javitt, D. C., & Hoptman,
M. J. (2013). Functional connectivity fMRI in mouse brain at 7T using isoflurane. Journal
of Neuroscience Methods, 214(2), 144-148. https://doi.org/10.1016/j.jneumeth.2013.01.019

Haass, C., & Selkoe, D. J. (2007). Soluble protein oligomers in neurodegeneration: Lessons from
the Alzheimer’s amyloid B-peptide. Nature Reviews Molecular Cell Biology.
https://doi.org/10.1038/nrm2101

Hall, C. B., Lipton, R. B., Sliwinski, M., Katz, M. J., Derby, C. A., & Verghese, J. (2009).
Cognitive activities delay onset of memory decline in persons who develop dementia.
Neurology, 73(5), 356—361. https://doi.org/10.1212/WNL.0b013e3181b04ae3

Hardy, J., & Higgins, G. (1992). Alzheimer’s disease: the amyloid cascade hypothesis. Science,
256(5054), 184-185. https://doi.org/10.1126/science.1566067

Heneka, M. T., Carson, M. J., Khoury, J. El, Landreth, G. E., Brosseron, F., Feinstein, D. L., ...
Kummer, M. P. (2015). Neuroinflammation in Alzheimer’s disease. The Lancet Neurology.
https://doi.org/10.1016/S1474-4422(15)70016-5

Herrup, K. (2015). The case for rejecting the amyloid cascade hypothesis. Nature Neuroscience,
18(6), 794—799. https://doi.org/10.1038/nn.4017

Holmes, C., Boche, D., Wilkinson, D., Yadegarfar, G., Hopkins, V., Bayer, A., ... Nicoll, J. aR.
(2008). Long-term effects of Abeta42 immunisation in Alzheimer’s disease: follow-up of a
randomised, placebo-controlled phase I trial. Lancet, 372(9634), 216-223.
https://doi.org/10.1016/S0140-6736(08)61075-2

Hoyer, C., Gass, N., Weber-Fahr, W., & Sartorius, A. (2014). Advantages and challenges of
small animal magnetic resonance imaging as a translational tool. Neuropsychobiology.
https://doi.org/10.1159/000360859

Hsiao, Y. H., Chen, P. S., Chen, S. H., & Gean, P. W. (2011). The involvement of Cdk5 activator
p35 in social isolation-triggered onset of early alzheimers disease-related cognitive deficit

17


http://dx.doi.org/10.1101/777524
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint first posted online Sep. 20, 2019; doi: http://dx.doi.org/10.1101/777524. The copyright holder for this preprint
(which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC-ND 4.0 International license.

in the transgenic mice. Neuropsychopharmacology, 36(9), 1848-1858.
https://doi.org/10.1038/npp.2011.69

Hsiao, Y. H., Kuo, J. R., Chen, S. H., & Gean, P. W. (2012). Amelioration of social isolation-
triggered onset of early Alzheimer’s disease-related cognitive deficit by N-acetylcysteine in
a transgenic mouse model. Neurobiology of Disease, 45(3), 1111-1120.
https://doi.org/10.1016/j.nbd.2011.12.031

Huang, H. J., Liang, K. C., Ke, H. C., Chang, Y. Y., & Hsieh-Li, H. M. (2011). Long-term social
isolation exacerbates the impairment of spatial working memory in APP/PS1 transgenic
mice. Brain Research, 1371, 150-160. https://doi.org/10.1016/j.brainres.2010.11.043

Huang, H., Wang, L., Cao, M., Marshall, C., Gao, J., Xiao, N, ... Xiao, M. (2015). Isolation
housing exacerbates Alzheimer’s disease-like pathophysiology in aged APP/PS1 mice.
International Journal of Neuropsychopharmacology, 18(7), 1-10.
https://doi.org/10.1093/ijnp/pyull6

Imtiaz, B., Tolppanen, A.-M., Kivipelto, M., & Soininen, H. (2014). Future directions in
Alzheimer’s disease from risk factors to prevention. Biochemical Pharmacology, 88(4),
661-670. https://doi.org/10.1016/j.bcp.2014.01.003

Jack, C. R., Knopman, D. S., Jagust, W. J., Shaw, L. M., Aisen, P. S., Weiner, M. W, ...
Trojanowski, J. Q. (2010). Hypothetical model of dynamic biomarkers of the Alzheimer’s
pathological cascade. The Lancet Neurology, 9(1), 119-128. https://doi.org/10.1016/S1474-
4422(09)70299-6

Jellinger, K. A. (2004). Head injury and dementia. Current Opinion in Neurology.
https://doi.org/10.1097/00019052-200412000-00012

Jiang, Z., Cowell, R. M., & Nakazawa, K. (2013). Convergence of genetic and environmental
factors on parvalbumin-positive interneurons in schizophrenia. Frontiers in Behavioral
Neuroscience. https://doi.org/10.3389/fnbeh.2013.00116

Jonckers, E., Palacios, R. D., Shah, D., Guglielmetti, C., Verhoye, M., & Van Der Linden, A.
(2014). Different anesthesia regimes modulate the functional connectivity outcome in mice.
Magnetic Resonance in Medicine, 72(4), 1103-1112. https://doi.org/10.1002/mrm.24990

18


http://dx.doi.org/10.1101/777524
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint first posted online Sep. 20, 2019; doi: http://dx.doi.org/10.1101/777524. The copyright holder for this preprint
(which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC-ND 4.0 International license.

Jonckers, E., Shah, D., Hamaide, J., Verhoye, M., & Van der Linden, A. (2015). The power of
using functional fMRI on small rodents to study brain pharmacology and disease. Frontiers
in Pharmacology, 6(OCT), 1-19. https://doi.org/10.3389/fphar.2015.00231

Jonckers, E., van Audekerke, J., de Visscher, G., van der Linden, A., & Verhoye, M. (2011).
Functional connectivity fMRI of the rodent brain: Comparison of functional connectivity
networks in rat and mouse. PLoS ONE, 6(4). https://doi.org/10.1371/journal.pone.0018876

Jucker, M., & Walker, L. C. (2013). Self-propagation of pathogenic protein aggregates in
neurodegenerative diseases. Nature, 501(7465), 45-51. https://doi.org/10.1038/nature12481

Karran, E., Mercken, M., & Strooper, B. De. (2011). The amyloid cascade hypothesis for
Alzheimer’s disease: An appraisal for the development of therapeutics. Nature Reviews
Drug Discovery. https://doi.org/10.1038/nrd3505

Kim, J., Basak, J. M., & Holtzman, D. M. (2009). The Role of Apolipoprotein E in Alzheimer’s
Disease. Neuron. https://doi.org/10.1016/j.neuron.2009.06.026

Kivipelto, M., Rovio, S., Ngandu, T., Kéreholt, 1., Eskelinen, M., Winblad, B., ... Nissinen, A.
(2008). Apolipoprotein ¢ €4 magnifies lifestyle risks for dementia: A population-based
study. Journal of Cellular and Molecular Medicine, 12(6B), 2762—-2771.
https://doi.org/10.1111/j.1582-4934.2008.00296.x

Koch, W, Teipel, S., Mueller, S., Benninghoff, J., Wagner, M., Bokde, A. L. W., ... Meindl, T.
(2012). Diagnostic power of default mode network resting state fMRI in the detection of
Alzheimer’s disease. Neurobiology of Aging, 33(3), 466-478.
https://doi.org/10.1016/j.neurobiolaging.2010.04.013

Kopeikina, K. J., Carlson, G. A., Pitstick, R., Ludvigson, A. E., Peters, A., Luebke, J. L, ...
Spires-Jones, T. L. (2011). Tau accumulation causes mitochondrial distribution deficits in

neurons in a mouse model of tauopathy and in human Alzheimer’s disease brain. American

Journal of Pathology, 179(4), 2071-2082. https://doi.org/10.1016/j.ajpath.2011.07.004

Krstic, D., Madhusudan, A., Doehner, J., Vogel, P., Notter, T., Imhof, C., ... Knuesel, I. (2012).
Systemic immune challenges trigger and drive Alzheimer-like neuropathology in mice.
Journal of Neuroinflammation, 9. https://doi.org/10.1186/1742-2094-9-151

19


http://dx.doi.org/10.1101/777524
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint first posted online Sep. 20, 2019; doi: http://dx.doi.org/10.1101/777524. The copyright holder for this preprint
(which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC-ND 4.0 International license.

Latif-Hernandez, A., Shah, D., Craessaerts, K., Saido, T., Saito, T., De Strooper, B., ...
D’Hooge, R. (2017). Subtle behavioral changes and increased prefrontal-hippocampal
network synchronicity in APPNL-G-Fmice before prominent plaque deposition.
Behavioural Brain Research, (June), 1-11. https://doi.org/10.1016/j.bbr.2017.11.017

Leser, N., & Wagner, S. (2015). The effects of acute social isolation on long-term social
recognition memory. Neurobiology of Learning and Memory.
https://doi.org/10.1016/j.nIm.2015.07.002

Liu, C., Li, Y., Edwards, T. J., Kurniawan, N. D., Richards, L. J., & Jiang, T. (2016). Altered
structural connectome in adolescent socially isolated mice. Neurolmage, 139, 259-270.
https://doi.org/10.1016/j.neuroimage.2016.06.037

Liu, J., Dietz, K., Deloyht, J. M., Pedre, X., Kelkar, D., Kaur, J., ... Casaccia, P. (2012).
Impaired adult myelination in the prefrontal cortex of socially isolated mice. Nature
Neuroscience. https://doi.org/10.1038/nn.3263

Liu, L., Drouet, V., Wu, J. W., Witter, M. P., Small, S. A., Clelland, C., & Duff, K. (2012).
Trans-synaptic spread of tau pathology in vivo. PLoS ONE, 7(2).
https://doi.org/10.1371/journal.pone.0031302

Liu, Y., Wang, K., YU, C., He, Y., Zhou, Y., Liang, M., ... Jiang, T. (2008). Regional
homogeneity, functional connectivity and imaging markers of Alzheimer’s disease: A
review of resting-state fMRI studies. Neuropsychologia, 46(6), 1648-1656.
https://doi.org/10.1016/j.neuropsychologia.2008.01.027

Livingston, G., Sommerlad, A., Orgeta, V., Costafreda, S. G., Huntley, J., Ames, D., ...
Mukadam, N. (2017). Dementia prevention, intervention, and care. The Lancet, 390(10113),
2673-2734. https://doi.org/10.1016/S0140-6736(17)31363-6

Masters, C. L., Multhaup, G., Simms, G., Pottgiesser, J., Martins, R. N., & Beyreuther, K.
(1985). Neuronal origin of a cerebral amyloid: neurofibrillary tangles of Alzheimer’s
disease contain the same protein as the amyloid of plaque cores and blood vessels. The
EMBO Journal, 4(11), 2757-2763. https://doi.org/10.1002/j.1460-2075.1985.tb04000.x

Masuda, A., Kobayashi, Y., Kogo, N., Saito, T., Saido, T. C., & Itohara, S. (2016). Cognitive

20


http://dx.doi.org/10.1101/777524
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint first posted online Sep. 20, 2019; doi: http://dx.doi.org/10.1101/777524. The copyright holder for this preprint

(which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC-ND 4.0 International license.

deficits in single App knock-in mouse models. Neurobiology of Learning and Memory, 135,
73-82. https://doi.org/10.1016/j.nIm.2016.07.001

McGeer, P. L., Schulzer, M., & McGeer, E. G. (1996). Arthritis and anti-inflammatory agents as
possible protective factors for Alzheimer’s disease: A review of 17 epidemiologic studies.

Neurology, 47(2), 425-432. https://doi.org/10.1212/WNL.47.2.425

Morrissette, D. A., Parachikova, A., Green, K. N., & LaFerla, F. M. (2009). Relevance of
transgenic mouse models to human Alzheimer disease. The Journal of Biological
Chemistry, 284(10), 6033-6037. https://doi.org/10.1074/jbc.R800030200

Mucke, L., & Selkoe, D. J. (2012). Neurotoxicity of amyloid B-protein: Synaptic and network
dysfunction. Cold Spring Harbor Perspectives in Medicine, 2(7).
https://doi.org/10.1101/cshperspect.a006338

Murphy, K., Birn, R. M., & Bandettini, P. A. (2013). Resting-state fMRI confounds and cleanup.
Neurolmage, 80, 349-359. https://doi.org/10.1016/j.neuroimage.2013.04.001

Mushtag, R., Shoib, S., Shah, T., & Mushtaq, S. (2014). Relationship between loneliness,
Psychiatric disorders and physical health ? A review on the psychological aspects of
loneliness. Journal of Clinical and Diagnostic Research, 8(9), WE01-WEO04.
https://doi.org/http://dx.doi.org/10.7860/JCDR/2014/10077.4828

Nasrallah, F. A., Tay, H. C., & Chuang, K. H. (2014). Detection of functional connectivity in the
resting mouse brain. Neurolmage, 86, 417-424.
https://doi.org/10.1016/j.neuroimage.2013.10.025

O’Keefe, L. M., Doran, S. J., Mwilambwe-Tshilobo, L., Conti, L. H., Venna, V. R., &
McCullough, L. D. (2014). Social isolation after stroke leads to depressive-like behavior
and decreased BDNF levels in mice. Behavioural Brain Research.
https://doi.org/10.1016/j.bbr.2013.10.047

Oddo, S., Caccamo, A., Shepherd, J. D., Murphy, M. P, Golde, T. E., Kayed, R., ... LaFerla, F.
M. (2003). Triple-transgenic model of Alzheimer’s Disease with plaques and tangles:
Intracellular AP and synaptic dysfunction. Neuron, 39(3), 409-421.
https://doi.org/10.1016/S0896-6273(03)00434-3

21


http://dx.doi.org/10.1101/777524
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint first posted online Sep. 20, 2019; doi: http://dx.doi.org/10.1101/777524. The copyright holder for this preprint
(which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.

It is made available under a CC-BY-NC-ND 4.0 International license.

Otaegui-Arrazola, A., Amiano, P., Elbusto, A., Urdaneta, E., & Martinez-Lage, P. (2014). Diet,
cognition, and Alzheimer’s disease: Food for thought. European Journal of Nutrition.
https://doi.org/10.1007/s00394-013-0561-3

Palop, J. J., Chin, J., Roberson, E. D., Wang, J., Thwin, M. T., Bien-Ly, N., ... Mucke, L.
(2007). Aberrant Excitatory Neuronal Activity and Compensatory Remodeling of Inhibitory
Hippocampal Circuits in Mouse Models of Alzheimer’s Disease. Neuron, 55(5), 697—711.
https://doi.org/10.1016/j.neuron.2007.07.025

Pan, W. J., Billings, J. C. W., Grooms, J. K., Shakil, S., & Keilholz, S. D. (2015). Considerations
for resting state functional MRI and functional connectivity studies in rodents. Frontiers in
Neuroscience, 9(JUL), 1-17. https://doi.org/10.3389/fnins.2015.00269

Parachikova, A., Agadjanyan, M. G., Cribbs, D. H., Blurton-Jones, M., Perreau, V., Rogers, J.,
... Cotman, C. W. (2007). Inflammatory changes parallel the early stages of Alzheimer
disease. Neurobiology of Aging, 28(12), 1821-1833.
https://doi.org/10.1016/j.neurobiolaging.2006.08.014

Paradee, W., Melikian, H. E., Rasmussen, D. L., Kenneson, A., Conn, P. J., & Warren, S. T.
(1999). Fragile X mouse: Strain effects of knockout phenotype and evidence suggesting
deficient amygdala function. Neuroscience, 94(1), 185-192. https://doi.org/10.1016/S0306-
4522(99)00285-7

Pendlebury, S. T., & Rothwell, P. M. (2009). Prevalence, incidence, and factors associated with
pre-stroke and post-stroke dementia: a systematic review and meta-analysis. The Lancet
Neurology, 8(11), 1006-1018. https://doi.org/10.1016/S1474-4422(09)70236-4

Petrinovic, M. M., Hankov, G., Schroeter, A., Bruns, A., Rudin, M., Von Kienlin, M., ...
Mueggler, T. (2016). A novel anesthesia regime enables neurofunctional studies and
imaging genetics across mouse strains. Scientific Reports, 6(November 2015), 1-12.
https://doi.org/10.1038/srep24523

Pimplikar, S. W. (2009). Reassessing the amyloid cascade hypothesis of Alzheimer’s disease.
International Journal of Biochemistry and Cell Biology.
https://doi.org/10.1016/j.biocel.2008.12.015

22


http://dx.doi.org/10.1101/777524
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint first posted online Sep. 20, 2019; doi: http://dx.doi.org/10.1101/777524. The copyright holder for this preprint
(which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC-ND 4.0 International license.

Pimplikar, S. W. (2010). Reassessing the Aymoid Cascade Hypothesis of Alzheimer’s Disease.
International Journal of Biochemistry, 41(6), 1261-1268.
https://doi.org/10.1016/j.biocel.2008.12.015.Reassessing

Powell, N. D., Sloan, E. K., Bailey, M. T., Arevalo, J. M. G., Miller, G. E., Chen, E., ... Cole, S.
W. (2013). Social stress up-regulates inflammatory gene expression in the leukocyte
transcriptome via -adrenergic induction of myelopoiesis. Proceedings of the National
Academy of Sciences. https://doi.org/10.1073/pnas.1310655110

Prince, M., Bryce, R., Albanese, E., Wimo, A., Ribeiro, W., & Ferri, C. P. (2013). The global
prevalence of dementia: A systematic review and metaanalysis. Alzheimer’s and Dementia,
9(1), 63-75. https://doi.org/10.1016/j.jalz.2012.11.007

Querfurth, H. W., & LaFerla, F. M. (2010). Alzheimer’s Disease. New England Journal of
Medicine, 362(4), 329-344. https://doi.org/10.1056/NEJMra0909142

Radak, Z., Hart, N., Sarga, L., Koltai, E., Atalay, M., Ohno, H., & Boldogh, I. (2010). Exercise
plays a preventive role against Alzheimer’s disease. Journal of Alzheimer’s Disease.

https://doi.org/10.3233/JAD-2010-091531

Rait, G., Walters, K., Bottomley, C., Petersen, 1., lliffe, S., & Nazareth, 1. (2010). Survival of
people with clinical diagnosis of dementia in primary care: cohort study. Bmj, 341, c3584.
https://doi.org/10.1136/bmj.c3584

Rege, S. D., Geetha, T., Broderick, T. L., & Babu, J. R. (2016). Can Diet and Physical Activity
limit Alzheimer’s disease Risk? Current Alzheimer Research. Retrieved from
http://www.ncbi.nlm.nih.gov/pubmed/26971938

Reisberg, B., Ferris, S. H., De Leon, M. J., & Crook, T. (1982). The global deterioration scale for
assessment of primary degenerative dementia. American Journal of Psychiatry.
https://doi.org/10.1176/ajp.139.9.1136

Reitz, C. (2012). Alzheimer’s disease and the amyloid cascade hypothesis: A critical review.

International Journal of Alzheimer’s Disease. https://doi.org/10.1155/2012/369808

Saczynski, J. S. (2006). The Effect of Social Engagement on Incident Dementia: The Honolulu-
Asia Aging Study. American Journal of Epidemiology, 163(5), 433—440.

23


http://dx.doi.org/10.1101/777524
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint first posted online Sep. 20, 2019; doi: http://dx.doi.org/10.1101/777524. The copyright holder for this preprint
(which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.

It is made available under a CC-BY-NC-ND 4.0 International license.

https://doi.org/10.1093/aje/kwj061

Saito, T., Matsuba, Y., Mihira, N., Takano, J., Nilsson, P., Itohara, S., ... Saido, T. C. (2014).
Single App knock-in mouse models of Alzheimer’s disease. Nature Neuroscience, 17(5),
661-663. https://doi.org/10.1038/nn.3697

Sakono, M., & Zako, T. (2010). Amyloid oligomers: Formation and toxicity of A?? oligomers.
FEBS Journal, 277(6), 1348-1358. https://doi.org/10.1111/j.1742-4658.2010.07568.x

Scheltens, P., Blennow, K., Breteler, M. M. B., de Strooper, B., Frisoni, G. B., Salloway, S., &
Van der Flier, W. M. (2016). Alzheimer’s disease. The Lancet, 388(10043), 505-517.
https://doi.org/10.1016/S0140-6736(15)01124-1

Seeman, T. E., Huang, M.-H., Bretsky, P., Crimmins, E., Launer, L., & Guralnik, J. M. (2005).
Education and APOE-e4 in longitudinal cognitive decline: MacArthur Studies of Successful
Aging. The Journals of Gerontology. Series B, Psychological Sciences and Social Sciences,
60(2), P74-P83. https://doi.org/60/2/P74 [pii]

Selkoe, D. J. (2008). Soluble oligomers of the amyloid B-protein impair synaptic plasticity and
behavior. Behavioural Brain Research. https://doi.org/10.1016/j.bbr.2008.02.016

Selkoe, D. J., & Hardy, J. (2016). The amyloid hypothesis of Alzheimer’s disease at 25 years.
EMBO Molecular Medicine, 8(6), 595-608. https://doi.org/10.15252/emmm.201606210

Serrano-Pozo, A., Frosch, M. P., Masliah, E., & Hyman, B. T. (2011). Neuropathological
alterations in Alzheimer disease. Cold Spring Harbor Perspectives in Medicine, 1(1), 1-24.
https://doi.org/10.1101/cshperspect.a006189

Serrano-Pozo, A., Mielke, M. L., Gomez-Isla, T., Betensky, R. A., Growdon, J. H., Frosch, M.
P., & Hyman, B. T. (2011). Reactive glia not only associates with plaques but also parallels
tangles in Alzheimer’s disease. American Journal of Pathology, 179(3), 1373-1384.
https://doi.org/10.1016/j.ajpath.2011.05.047

Sforazzini, F., Schwarz, A. J., Galbusera, A., Bifone, A., & Gozzi, A. (2014). Distributed BOLD
and CBV-weighted resting-state networks in the mouse brain. Neurolmage, 87, 403-415.
https://doi.org/10.1016/j.neuroimage.2013.09.050

24


http://dx.doi.org/10.1101/777524
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint first posted online Sep. 20, 2019; doi: http://dx.doi.org/10.1101/777524. The copyright holder for this preprint
(which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC-ND 4.0 International license.

Shah, D., Deleye, S., Verhoye, M., Staelens, S., & Van der Linden, A. (2016). Resting-state
functional MRI and [18F]-FDG PET demonstrate differences in neuronal activity between
commonly used mouse strains. Neurolmage, 125, 571-577.
https://doi.org/10.1016/j.neuroimage.2015.10.073

Shah, D., Jonckers, E., Praet, J., Vanhoutte, G., Delgado Y Palacios, R., Bigot, C., ... Van Der
Linden, A. (2013). Resting state fMRI reveals diminished functional connectivity in a
mouse model of amyloidosis. PLoS ONE, 8(12), 1-10.
https://doi.org/10.1371/journal.pone.0084241

Shah, D., Latif-Hernandez, A., De Strooper, B., Saito, T., Saido, T., Verhoye, M., ... Van Der
Linden, A. (2018). Spatial reversal learning defect coincides with hypersynchronous
telencephalic BOLD functional connectivity in APPNL-F/NL-Fknock-in mice. Scientific
Reports, 8(1), 1-11. https://doi.org/10.1038/s41598-018-24657-9

Shah, D., Praet, J., Latif Hernandez, A., Hofling, C., Anckaerts, C., Bard, F., ... Van der Linden,
A. (2016). Early pathologic amyloid induces hypersynchrony of BOLD resting-state
networks in transgenic mice and provides an early therapeutic window before amyloid
plaque deposition. Alzheimer’s and Dementia, 12(9), 964-976.
https://doi.org/10.1016/j.jalz.2016.03.010

Shankar, G. M., & Walsh, D. M. (2009). Alzheimer’s disease: synaptic dysfunction and Af.
Molecular Neurodegeneration, 4(1), 48. https://doi.org/10.1186/1750-1326-4-48

Sheline, Y. ., & Raichle, M. E. (2013). Resting state functional connectivity in preclinical
Alzheimer’s disease. Biological Psychiatry, 74(5), 340-347.
https://doi.org/10.1016/j.biopsych.2012.11.028

Sivanandam, T. M., & Thakur, M. K. (2012). Traumatic brain injury: A risk factor for
Alzheimer’s disease. Neuroscience and Biobehavioral Reviews.
https://doi.org/10.1016/j.neubiorev.2012.02.013

Smith, R., Roderick, T., & Sundberg, J. (1995). Microphthalmia and associated abnormalities in
inbred black mice. Laboratory animal science (Vol. 44).

Smith, S. M. (2012). The future of FMRI connectivity. Neurolmage.

25


http://dx.doi.org/10.1101/777524
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint first posted online Sep. 20, 2019; doi: http://dx.doi.org/10.1101/777524. The copyright holder for this preprint
(which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC-ND 4.0 International license.

https://doi.org/10.1016/j.neuroimage.2012.01.022

Sofi, F., Macchi, C., Abbate, R., Gensini, G. F., & Casini, A. (2010). Effectiveness of the
mediterranean diet: Can it help delay or prevent Alzheimer’s disease? Journal of

Alzheimer’s Disease. https://doi.org/10.3233/JAD-2010-1418

Stevens, W. D., & Spreng, R. N. (2014). Resting-state functional connectivity MRI reveals
active processes central to cognition. Wiley Interdisciplinary Reviews: Cognitive Science,
5(2), 233-245. https://doi.org/10.1002/wcs.1275

Strassnig, M., & Ganguli, M. (2005). About a peculiar disease of the cerebral cortex. By Alois
Alzheimer, 1907. Psychiatry, (412), 30-33.

Strittmatter, W. J., & Roses, A. D. (1996). Apolipoprotein E and Alzheimer’s disease. Annual
Review of Neuroscience, 19, 53-77. https://doi.org/10.1146/annurev.ne.19.030196.000413

Tang, Y.-P., & Gershon, E. S. (2003). Genetic studies in Alzheimer’s disease. Dialogues in
Clinical Neuroscience, 5(1), 17-26. Retrieved from
http://www.ncbi.nlm.nih.gov/pubmed/22033785%5Cnhttp://www.pubmedcentral.nih.gov/ar
ticlerender.fcgi?artid=PMC3181712

van den Heuvel, M. P., & Hulshoff Pol, H. E. (2010). Exploring the brain network: A review on
resting-state fMRI functional connectivity. European Neuropsychopharmacology.
https://doi.org/10.1016/j.euroneuro.2010.03.008

Van der Jeugd, A., Ahmed, T., Burnouf, S., Belarbi, K., Hamdame, M., Grosjean, M. E., ...
D’Hooge, R. (2011). Hippocampal tauopathy in tau transgenic mice coincides with
impaired hippocampus-dependent learning and memory, and attenuated late-phase long-
term depression of synaptic transmission. Neurobiology of Learning and Memory.
https://doi.org/10.1016/j.nIm.2010.12.005

Webster, S. J., Bachstetter, A. D., Nelson, P. T., Schmitt, F. A., & Van Eldik, L. J. (2014). Using

mice to model Alzheimer’s dementia: An overview of the clinical disease and the
preclinical behavioral changes in 10 mouse models. Frontiers in Genetics, 5(APR), 1-23.
https://doi.org/10.3389/fgene.2014.00088

Weeraratna, A. T., Kalehua, A., DeLeon, 1., Bertak, D., Maher, G., Wade, M. S., ... Taub, D. D.

26


http://dx.doi.org/10.1101/777524
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint first posted online Sep. 20, 2019; doi: http://dx.doi.org/10.1101/777524. The copyright holder for this preprint
(which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC-ND 4.0 International license.

(2007). Alterations in immunological and neurological gene expression patterns in
Alzheimer’s disease tissues. Experimental Cell Research, 313(3), 450-461.
https://doi.org/10.1016/j.yexcr.2006.10.028

Whitmer, R. A., Gustafson, D. R., Barrett-Connor, E., Haan, M. N., Gunderson, E. P., & Yaffe,
K. (2008). Central obesity and increased risk of dementia more than three decades later.
Neurology, 71(14), 1057-1064. https://doi.org/10.1212/01.wnl.0000306313.89165.ef

Wilson, R., Krueger, K., Arnold, S., Schneider, J., Kelly, J., Barnes, L., ... Bennett, D. A.
(2007). Loneliness and risk of Alzheimer disease. Arch Gen Psychiatry, 64(2), 234-240.
Retrieved from
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&amp;db=PubMed&amp;dop
t=Citation&amp;list_uids=17283291

Yaffe, K., Lindquist, K., Schwartz, A. V., Vitartas, C., Vittinghoff, E., Satterfield, S., ... Harris,
T. (2011). Advanced glycation end product level, diabetes, and accelerated cognitive aging.
Neurology, 77(14), 1351-1356. https://doi.org/10.1212/WNL.0b013e3182315a56

Yu, J.-T., Tan, L., & Hardy, J. (2014). Apolipoprotein E in Alzheimer’s Disease: An Update.
Annual Review of Neuroscience, 37(1), 79-100. https://doi.org/10.1146/annurev-neuro-
071013-014300

Zerbi, V., Grandjean, J., Rudin, M., & Wenderoth, N. (2015). Mapping the mouse brain with rs-
fMRI: An optimized pipeline for functional network identification. Neurolmage, 123, 11—
21. https://doi.org/10.1016/j.neuroimage.2015.07.090

27


http://dx.doi.org/10.1101/777524
http://creativecommons.org/licenses/by-nc-nd/4.0/

