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Abstract

Down syndrome (DS) results from the triplication of genes located on human chromosome 21
(Hsa21). Though many cognitive and behavioral impairments are associated with DS, sleep
disturbances remain poorly understood despite being a reported phenotype in approximately 60%
of individuals diagnosed with DS. In this study, sleep and electroencephalography (EEG)
oscillations were recorded from aged (12—14 mos.) Dp(16)1Yey/+ mice (Dp16), a mouse model of
DS. We observed disrupted sleep demonstrated by increased activity during the dark phase and
increased time awake at the expense of NREM sleep compared to wild-type mice. In addition, we
found that Dp16 mice display significant differences in relative EEG power distribution among
oscillation frequencies in both sleep and awake states. These results in Dp16 mice are consistent
with sleep disturbances found in individuals with DS, and the abnormal EEG oscillations in aged
Dp16 mice suggest a potential role for GABAergic activity in these sleep and EEG abnormalities.
These sleep and EEG data reflect underlying differences in neuronal activity at the network level
and thus are causative agents rather than merely symptoms of DS.
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INTRODUCTION

Down syndrome (DS) arises from triplication of genes on human chromosome 21 (Hsa21)
and is the most common genetic cause of intellectual disability (Desai, 1997; Parker et al.,
2010). In addition to the multitude of adverse health outcomes associated with DS,
approximately 60% of the DS population displays sleep disturbances (Fan et al., 2017).
While in some cases these sleep disruptions result from sleep apnea, previous studies have
shown sleep to be independently altered (Nisbet et al., 2015). These sleep alterations consist
of increased latency to NREM, sleep fragmentation, and reduced REM (Hamaguchi et al.,
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1989; Andreou et al., 2002; Fernandez and Edgin, 2013). One way to quantitatively examine
changes in sleep structure is by measuring brain activity using electroencephalography
(EEG). EEG analyses are advantageous because alterations in EEG activity may serve as a
potential biomarker for cognitive impairment in DS (Velikova et al., 2011; Salem et al.,
2015). Previous EEG studies have shown that DS individuals have altered EEG oscillations
associated with cognitive deficits (Politoff et al., 1996; Smigielska-Kuzia et al., 2005;
Velikova et al., 2011; L6pez-Loeza et al., 2016). However, EEG abnormalities and their role
in sleep disturbances are poorly characterized. To date, only a single study has examined
EEG activity during sleep in children diagnosed with DS (Smigielska-Kuzia et al., 2005). In
that study, Smigielska-Kuzia and colleagues found a reduction in alpha power compared to
controls during REM sleep. However, it remains unknown if subjects in this study suffered
from obstructive sleep apnea (OSA), which is highly comorbid with DS and could serve as a
potential confound in this study. Furthermore, whether these EEG abnormalities are present
during sleep in adults with DS is currently unknown, as no studies to date have examined
EEG activity during sleep in an adult DS population. Therefore, mouse DS models may
serve as useful experimental platforms to remove potential confounds present in human DS
(i.e. OSA) and delineate the genetic influences of Hsa21 on sleep and EEG activity in DS.

While multiple mouse models of DS are currently available, studies examining sleep and
EEG activity in these models are sparse. Hsa21 carries approximately 250 protein-coding
genes and one of the most commonly used mouse models of DS, the Ts65Dn mouse,
contains a partial trisomy of Hsa21 genes from Z7p295to Mrp139on mouse chromosome
16 (Mmu16). This model has been shown to exhibit increased wakefulness and a reduction
in NREM sleep that mirrors the clinical population of DS patients (Colas et al., 2008). In the
same study, sleep abnormalities were not observed in Ts1Cje mice, another rodent genetic
model of DS. This is of key importance because sleep is known to be under heavy genetic
control (Franken et al., 2001). The Ts65Dn strain however, contains a trisomy of a ~5.8 Mb
subcentromeric region of mouse chromosome 17 which is not syntenic to any region on
Hsa21 (Akeson et al., 2001; Li et al., 2007). Therefore, it is possible that genes not present
on Hsa21 could impact some of the reported sleep disturbances in the Ts65Dn mouse. To
address this issue, the current study sought to examine sleep architecture in Dp(16)1Yey/+
mice (Yu et al., 2010), a recently developed mouse model of DS. The Dp16 mouse is
trisomic for ~102 genes on Hsa21 syntenic regions, while not being confounded by
additional genes unrelated to DS (Li et al., 2007; Yu et al., 2010).

Individuals with DS have a high risk of developing early-onset Alzheimer’s disease (AD).
Alzheimer’s disease is also known to be comorbid with sleep disturbances (Bliwise, 2004a;
Roh et al., 2012). In this study, we characterize for the first time, the sleep architecture and
EEG activity in aged Dp16 mice. We found sleep and EEG activity were disturbed in aged
Dp16 mice and these disturbances are consistent with previous findings in the DS
population.
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MATERIALS AND METHODS

Animals

Surgery

Apparatus

Dp(16)1Yey/+ (Dp16) mice on a C57BL/6J background were obtained from Jackson
Laboratory (stock #013530). Male Dp16 mice were bred with wild-type (WT) C57BL/6J
female mice to generate the Dp16 (A= 10) and WT (N = 9) littermates used for this study.
All experiments were performed using male age-matched littermates of 12- to 14-month-old
obtained from three independent cohorts. Mice were maintained on a 12-h light/dark cycle at
an ambient temperature of 22—24 °C. Food and water were available ad /ib. All procedures
relating to animal care and treatment conformed to University of Colorado at Boulder
Animal Care and Use Committee and NIH guidelines.

Head-mount and electrode implantation were performed per manufacturer protocol
(Pinnacle Technology, Lawrence, KS). Briefly, animal surgeries were performed under deep
isoflurane anesthesia (5% induction followed by 1.5-2% maintenance) in sterile conditions
with animal body temperature thermostatically maintained using a heating pad. Under
anesthesia, the eyes were covered with a thin layer of artificial tear ointment (Rugby,
Livonia, MI), the fur from the head was removed and the skin disinfected with Betadine. A
1.5-cm rostral-caudal incision was made and the periosteum layer removed. The exposed
skull was cleaned with ethanol prior to attaching a prefabricated head-mount containing
three channels; two EEG and one EMG (Pinnacle Technology, #8201). Each head-mount
was affixed to the skull using cyanoacrylate in addition to four stainless steel screws (2.5
mm for anterior placement and 3.0 mm for posterior placement (Pinnacle Technology,
#8209)), which also served as electrodes. To ensure that all screws rested on the cerebral
cortex for optimal EEG alignment, the front edge of the head-mount was placed 3.0 mm
anterior of bregma. Recording leads were coated with silver epoxy (Pinnacle Technology)
for a solid connection to the head-mount. To insert the EMG wires, a small pocket was made
in the nuchal muscles and the EMG leads were positioned in the muscle cavity. The head-
mount was secured with Metabond dental cement (Parkell, NY). All animals received
buprenorphine (0.1 mg/kg) post-surgery, were individually housed in recording chambers
(20 cm high and 25.4 cm in dia., Pinnacle Technology) and allowed 7-10 days to recover.

Animals were habituated to the recording cable for 3-5 days prior to EEG/EMG recording.
Electrophysiological signals were collected from the mice using 6-pin preamplifiers
(Pinnacle Technology, #8202). These were connected to swivel commutators (Pinnacle
Technology, #8204) connected to a secondary amplifier and data conditioner (DCAS #8206,
Pinnacle Technology). EEG and EMG signals were sampled at 2000 Hz. The EEG was low-
pass filtered at 100 Hz and high-pass filtered at 0.1 Hz; EMG was low-pass filtered at 6 KHz
and high-pass filtered at 3 Hz. All data were collected using Sirenia Sleep Pro (Version
1.7.4, Pinnacle Technology). Animal motor activity was recorded (/= 4-7 mice per group
as some locomotor activity data across the 24-h period was lost due to recording loss) by
video camera and activity scored using AnyMaze behavioral scanning software (Stoelting
USA). EEG, EMG and motor activity for each animal were recorded for two 24-h periods.
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Electrophysiological signal analysis

EEG recordings for each animal were initially scored using semi-automated cluster analyses
based on EEG and EMG activity over 24 hrs. The recordings were divided into 4-s epochs
and each epoch was scored as awake (wake; high frequency, low amplitude EEG with high
and variable EMG activity), slow-wave sleep (NREM; low frequency, high amplitude EEG
and reduced EMG activity) or rapid-eye movement sleep (REM; high frequency, low
amplitude EEG with no EMG activity) states. Following the cluster analysis, epochs were
analyzed manually to ensure accuracy by two independent evaluators blind to the genotype
(Dp16 or WT) using Sirenia Sleep Pro software (Pinnacle Technology). All sleep measures
(percent time in each state, bout length, state transitions, and EEG spectral power) were
assessed across 24 h. A bout was defined as four consecutively scored epochs in wake,
NREM, or REM without transitions. The time in each state, length of bouts, and transitions
were quantified using Sirenia Sleep Pro (Pinnacle Technology). Additionally, wake and
sleep states were verified with the video recordings. A Fast Fourier transform (FFT), using a
Hann window function, of EEG data between 0.5 and 60 Hz from artifact-free epochs
produced a spectral analysis in 0.25-Hz bins. These bins were grouped into standard
frequency bands including: delta (0.5-4.5 Hz), theta (4.5-8 Hz), alpha (8-13 Hz), beta (13—
30 Hz), and gamma (30-60 Hz) for each animal (Sirenia Sleep Pro, Pinnacle Technology).
To control for differences in EEG head-mount placement across animals, relative power was
calculated by normalizing all bands to the total state-specific power summed across all
frequency bins from 0.5 to 60 Hz and expressed as a percent of total power.

Statistical analysis

Statistical analyses were performed using SPSS (IBM Corporation, Armonk, NY). Data are
presented as mean + SEM. The use of parametric tests was determined with the Shapiro-
Wilk test for normality and outliers were identified and excluded using Grubb’s method. An
alpha level of p< .05 was used to indicate a significant difference from controls. Repeated-
measures ANOVA and two-tailed t-tests were used as applicable. For EEG analyses, relative
power across the defined bandwidths for each sleep state was compared between groups
using t-tests.

RESULTS

Dp16 mice exhibit increased locomotor activity

To examine whether sleep and activity patterns are disturbed in an aged mouse model of DS,
we assessed the sleep and activity patterns in Dp16 and WT mice across two 24-h periods
during the dark (e.g. active phase) and light (e.g. inactive phase) phases. During the dark
phase (19 h—07 h) there were no significant differences between the genotypes in distances
traveled (F(z,7) = 0.934, p=.366). However, across the 12-h light phase, Dp16 mice
displayed significantly more locomotor activity than WT controls (£, 7 = 78.08, p < .001;
Fig. 1A). Total distance was calculated for both groups and no difference was observed
during the dark phase ()= 0.97, p=0.11; Fig. 1B). However, Dp16 mice were
significantly more active compared to WT controls during the light phase (Fig. 1C) as
measured by total distance traveled (#;;2) = 6.28, p= 0.041). This increase in activity during
the light phase suggests an altered sleep—wake profile in aged Dp16 mice.
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Altered sleep—wake profiles in Dp16 mice

To determine whether sleep architecture was altered in aged Dp16 mice, we examined the
percentage of time spent in wake, NREM, and REM states across 24 h by measuring cortical
EEG activity in both aged Dp16 and WT mice (/= 8-10 per group). Dp16 mice spent more
time awake in the dark phase (Fz,16)= 10.779, p=0.005) and light phase (Fz, 15 = 31.462,
p<0.001) compared to their WT littermates (Fig. 2A). Dp16 mice also spent less time in
NREM during the dark phase (£, ;6= 12.124, p=.0.003 and light phase (£, 14) = 36.377,
p<0.001) compared to controls (Fig. 2B). No significant difference was observed between
the two groups in REM during either period (Dark phase: £z 15)= 0.487, p = 0.495, Light
Phase: £z 15)= 0.094, p=0.763; Fig. 2C). The disturbed wake/sleep pattern in Dp16 mice
could be explained by: (i) Dp16 mice have longer NREM bouts and therefore require less
total time in sleep or (ii) Dp16 mice have difficulties maintaining sleep and therefore have
increased transitions from sleep to wake.

To distinguish between these phenotypes, the number of transitions and the average length
of bouts were analyzed. These data revealed phase-specific differences. During the dark
phase, significant decreases in the number of wake (#;5) = 2.18, p=0.043) and NREM
transitions (Z;5)= 2.54, p=0.021) in Dp16 mice were observed (Fig. 3A). This reduction in
transitions during the dark phase is explained by the increase in wake bout length () =
2.28, p=0.036) and decreased NREM bout length ()= 3.18, p=0.005) (Fig. 3B). During
the light phase, the number of transitions to wake increased (Z;6) = 2.47, p = 0.025) in Dp16
mice (Fig. 3C), while NREM bout length remained decreased (#;¢) = 3.84, p < 0.001) (Fig.
3D). We also analyzed the latency to first NREM bout during the light phase, but found no
significant differences between the groups (data not shown). The amount of REM sleep did
not differ from WT animals. In summary, the lack of a significant difference in the number
of transitions to NREM paired with an increase in transitions to wake during the light phase
indicates that aged Dp16 mice have difficulty maintaining NREM sleep.

Altered EEG spectral power in Dp16 mice

Next, we determined the power distribution in EEG oscillations during the dark and light
phases for wake, NREM, and REM states across frequency bands (delta, theta, alpha, beta,
and gamma). Analysis of the spectral power during the dark phase showed that beta power
(13-30 Hz) was significantly increased in Dp16 mice during wake (#/;7)= 3.04, p= 0.007),
NREM (7= 4.50, p<0.001) and REM ({z7) = 3.84, p=0.001) (Fig. 4A-C). Dp16 mice
also showed significantly decreased delta power (Z;;7) = 2.59, p=0.018) and increased alpha
power (Z;7) = 2.64, p=0.017) during NREM (Fig. 4B). During the light phase, beta power
in wake (#;7)=3.66, p<0.001), NREM (#;7)=4.77, p< 0.001) and REM ({77 = 3.53, p=
0.002) remains increased in Dp16 mice (Fig. 4D-F). Additionally, we found that Dp16 mice
have reduced theta power (4.5-8 Hz) during wake states (#;7) = 2.24, p=0.038) and
reduced delta power during NREM (Z;7) = 2.85, p= 0.01) (Fig. 4D, E). This reduction in
theta was not present during the dark phase. Finally, to further assess EEG activity in Dp16
mice, we graphed relative spectral power across the full frequency spectra over 24 h (Fig. 5;
Dark phase (A-C), Light Phase (D-F)). Taken together, these data show that EEG
oscillations are altered in aged Dp16 mice, and these alterations are distinctly different
during dark and light phases.
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DISCUSSION

In the present study, we examined sleep behavior and EEG oscillations in the aged Dp16
mouse, a mouse model of DS that is trisomic for ~102 Hsa21 syntenic genes on mouse
chromosome Mmu16. We found that aged Dp16 mice exhibit a sleep phenotype that consists
of: (1) increased activity during the light phase of the light/dark cycle, (2) more time spent
awake at the expense of NREM sleep and, (3) difficulty maintaining NREM sleep.
Importantly, the sleep disruption we observed in our investigations mimic those reported in
humans and in other genetic mouse models of DS.

We observed increased locomotor activity in aged Dp16 mice during the light phase, but not
dark phase compared to WT controls, suggesting defects in sleep in these DS model mice.
Using EEG to examine of percent time spent in awake, NREM, and REM states we also
found that Dp16 mice spent more time awake and less time in NREM during both dark and
light phases. While this observation supports the idea that Dp16 mice are indeed sleeping
less than their WT counterparts, they are not expressing this loss of sleep as locomotor
activity. This raises the possibility that while Dp16 mice are more awake during the dark
phase, they are not engaged in increased non-sleep-related activities that are captured by
locomotor activity measurements. This also may highlight the need to measure sleep in
mouse models using multiple modalities as measurements based solely on locomotor
activity may fail to capture some sleep-related abnormalities.

In the clinical DS population, parental questionnaires and patient EEG recordings
consistently show sleep architecture to be altered in children (Hamaguchi et al., 1989;
Levanon et al., 1999; Miano et al., 2008; Churchill et al., 2012). These alterations typically
consist of a reduction in time spent in NREM, increased sleep latency, and increased night
waking. One of the key difficulties in characterizing the genetic influence of Hsa21 trisomy
on sleep disturbances in the DS population is the high comorbidity of OSA, which is present
in upwards of 60% of individuals with DS (Alexander et al., 2016). However, it is important
to note that sleep disturbances persist even when treatment for OSA is obtained. In support
of this notion, children with DS maintain an increased arousal index following adeno-
tonsillectomy, the most common treatment for OSA in children (Dyken et al., 2003).
Further, Shete et al. and colleagues found sleep distribution and sleep efficiency remain
impaired despite improvements in breathing when measured using a post adeno-
tonsillectomy apnea hypopnea index (Shete et al., 2010). Taken together, the findings of the
current study support the hypothesis that Hsa21 trisomy produces a unique sleep phenotype.

The development of mouse strains trisomic for specific genetic regions of Hsa21, including
the Down Syndrome Critical Region (DSCR), allows for a more direct examination of the
effects of these genes on sleep behavior. Whether sleep and locomotor activity are altered in
mouse models of DS appears to be contingent on the strain used. Ts65Dn mice are more
active during the light phase as compared to controls and we observed a similar pattern in
Dp16 mice, while Tc1 mice show increased activity during the dark phase (Colas et al.,
2008; Heise et al., 2015). In support, the Ts65Dn strain, which contains ~90 genes from
Zbtb21to Mrpl139, exhibited increased waking activity at the expense of NREM (Colas et
al., 2008). The Tc1 strain, which contains ~125 genes spanning Hsa21, has been shown to
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exhibit fragmented sleep during the light phase, in addition to hyperactivity similar to that of
the DS clinical population (Heise et al., 2015). However, these commonly used mouse
strains are not without weaknesses. For example, as stated earlier, Ts65Dn mice are trisomic
for ~60 additional genes located on Mmul17 not homologous to any region on Hsa21
(Franken et al., 2001; Yu et al., 2010). Tc1 mice present varying levels of genetic expression
of Hsa21 across tissues, in addition to genetic deletion resulting in only ~83% of the Hsa21
genes being triplicated (Rueda et al., 2012). Conversely, Ts1Cje mice do not exhibit
abnormal activity and sleep disturbances (Colas et al., 2008). Since Ts1Cje mice are only
syntenic for ~71 genes located on Hsa21 and not the entire region, it is possible that these
mice lack genes involved in the disturbed sleep phenotype in DS. Thus, each DS model
mouse may present advantages and disadvantages depending on the specific experimental
question being asked.

Our findings are important due to the role of sleep on cognitive performance. Poor sleep is
associated with a reduction in cognitive performance and recent findings suggest that poor
sleep patterns may serve as a biomarker in the development of AD phenotypes, such as A
overexpression in individuals with DS (Fernandez and Edgin, 2013). While we did not
determine the presence of these AD characteristics in our aged mice, previous studies have
shown that increased wakefulness significantly enhances Ap basal levels in the hippocampi
of mice and in the CSF of adults with presenilin mutations (Kang et al., 2009; Roh et al.,
2012). Paired with the genetic predisposition in DS for increased AP production, it is
plausible that sleep disturbances in DS may be involved in the development of AD-like
phenotypes observed in DS. However, the effect of disturbed sleep on the development of
AD-like phenotypes in DS warrants further investigation. In sum, these data suggest that the
genetic regions triplicated in DS are differentially involved in sleep disturbances, and these
sleep disturbances may play a key role in the development of the cognitive and EEG
abnormalities observed in DS.

A critical finding in our study is the presence of EEG abnormalities in aged Dp16 mice.
Changes in EEG rhythms reflect changes in brain function and cognitive activity
(Fingelkurts and Fingelkurts, 2010). Abnormalities in spectral EEG power, such as increased
theta, beta, and alpha power have been reported in both child and adult individuals with DS
(Politoff et al., 1996; Smigielska-Kuzia et al., 2005; Velikova et al., 2011). We found that
alpha power was consistently increased in Dp16 mice during NREM sleep. Only a single
study has examined EEG changes during sleep in DS and that study showed a decrease in
alpha power during REM (Smigielska-Kuzia et al., 2005). It is important to note that the
participants in that study were children between the ages of 1 and 8, whereas the mice (12—
14 months) in the current study are aged.

We also found a significant increase in beta frequency power in aged Dp16 mice. Prior to the
current study, beta power had not been examined in any mouse models of DS, but increases
in beta frequency power have been previously reported in the DS population, and beta
rhythm dysregulation has been associated with sleep dysregulation (Velikova et al., 2011,
Zielinski et al., 2016). Furthermore, alterations in beta power have been associated with
neuropathology in AD (Karageorgiou and Vossel, 2017). Abnormalities in beta power are
also associated with impairments in perception, attention, and motor action (Shin et al.,
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2017). Beta oscillations are generally considered a subharmonic of gamma activity and are
thought to be generated by GABAergic interneurons that contain parvalbumin (PV) (Brown
et al., 2012). Previous studies have shown that PV cells are involved in both beta and gamma
oscillations /n vivo and an alteration in PV cells may impact beta oscillations (Roopun et al.,
2006; Kuki et al., 2015). In Ts65Dn mice, the number of PV-expressing interneurons are
increased in the brain, and this overexpression has been linked to oligodendrocyte
transcription factors (e.g. OLIG2) (Chakrabarti et al., 2010). In contrast, a previous study
found OLIG2 to be decreased in fetal Dp16 brains (Goodliffe et al., 2016). Whether this
reduction in OLIG2 expression persists in aged Dp16 mice and its effect on beta and gamma
EEG activity have yet to be determined.

Finally, the decrease in delta power during NREM sleep may be a critical finding, especially
when coupled with the simultaneous increase in alpha power. Delta waves are characterized
by a slow negative pattern that occurs synchronously over the entire neocortical surface
during NREM sleep. First-order neurons of the thalamus receive excitatory input from layer
6 and significant inhibitory input from GABAergic interneurons of the thalamic reticular
nucleus and send spatially limited projections to the cortex (Buzsaki, 2006). A decrease in
power in the delta bandwidth during NREM sleep suggests that the synchrony of the deeper
neurons of the thalamus that results in the slow negative pattern across the cortical surface
may be disrupted, and this disruption may involve GABAergic signaling. It is also plausible
to suggest that alterations in GABAergic signaling may contribute to increases in alpha
power. Alpha rhythms are thought to result from both thalamic and neocortical circuity, and
GABAergic interneuron excitation has been proposed to be involved in the generation of
alpha rhythms (Buzsaki, 2006). However, the mechanisms underlying the observed increase
in alpha power during NREM sleep in aged Dp16 mice is currently unknown.

In summary, the present study examined sleep architecture in aged Dp16 mouse. Aged Dp16
mice exhibit a sleep phenotype that mirrors the both the clinical population of DS and more
commonly used genetic mouse models of DS. In addition, the EEG abnormalities in these
aged Dp16 mice mirror EEG findings in the AD population, which may serve as a biomarker
for the development of AD phenotypes. Delineating the mechanisms underlying the sleep
disturbances, EEG abnormalities, and the role GABAergic neuronal populations in DS
phenotypes will lay the groundwork for the development of interventions designed to
improve the quality of life in the DS population.
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Dp16 Dp(16)1Yey/+ mice
DS Down syndrome
DSCR Down Syndrome Critical Region
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EEG electroencephalography
FFT Fast Fourier transform
Hsa2l human chromosome 21
Mmul6 mouse chromosome 16
OSA obstructive sleep apnea
PV parvalbumin

WT wild type.
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Fig. 1.

D§16 mice are more active during the light phase of a 24-hour period. (A) Locomotor
activity over 24 h. (B) Total distance traveled during the dark phase (1900 h-0700 h). (C)
Total distance traveled during the inactive phase (0700 h—1900 h). Locomaotor activity in
Dp16 mice is significantly increased compared to WT. Data shown: mean + SEM. "p < .05.
N = 4-7 mice/per time point/group (note: each group contained 7 mice, but some data were
lost during recording).
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Dp16 mice spent more time awake at the expense of NREM. (A) Percent time awake over 24

h. Dp16 mice spend more time awake in both dark and light phases. (B) Percent time in
NREM over 24 h. Dp16 mice spend less time in NREM during both phases than WT
controls. (C) Percent time in and in REM across 24 h. Data parsed into 1 h bins. (V= 8-10
mice per group). Data shown: mean = SEM. *p < .05; "*p< .01; ™ p< .001.
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Dp16 mice, while NREM average bout length was reduced. (C) Compared to WT mice,
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Dp16 mice have shifts in EEG power that vary across behavioral states during the dark phase
(panels A-C) and light phase (panels D-F). Spectral power within delta (0.5-4 Hz), theta
(4.5-8 Hz), alpha (8.5-14 Hz), beta (15-30 Hz), and gamma (30-60 Hz) expressed as a
percentage of mean total EEG power for each state. Data shown: mean + SEM. *p < .05; **p

<.01;

p<.001. /V=8-10 mice per group.

Neuroscience. Author manuscript; available in PMC 2020 May 28.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Levenga et al.

Relative Power (uV~2) Relative Power (uV*2)

Relative Power (WV*2)

A
0.20 Dark Phase
Wake o WT
0.154 Dp16
0.10{;
i
|
o.osl.’ b
. S
0.0 - P ————
0 5 1015 20 25 30 35 40 45 50 55 60
Frequency
B NREM
0.20y ,
0.151 = WY
: Dp16
!
0.10.[ ‘
i
0.05f
\ *xk
0.00 PO
05 10152025303540455055 60
Frequency
(04
0.20- REM
0.154 —— WT
Dp16
0.10-
0.054/ *%
0 00_ :m .v-.x....... receeayiany

0 5 101520 2530 35404550 55 60

Frequency

Fig. 5.

Page 16

5502 Light Phase

Wake —— WT
015 x Dp16
0.10+

\
\
3}
%
b

0.054/ | \ -

000__'_":'.,“_'.‘_,__“” """""""
0 5 10 15 20 2530354045505560

Frequency
E NREM
0.20q _=*
0.15 == 4
) Dp16
0.10-1 ‘
0.054 § .
u
0.004 OS—
0 5 1015202530354045505560
Frequency
F
0.20+ REM
0.154 — WT
i Dp16
0104 ¢ |
It
0.05- j 4 *x
0. oe_: = M ................ ooy g
0 5 1015202530354045505560
Frequency

Relative spectral power across behavioral states during the dark phase (panels A-C) and
light phase (panels D-F). Relative power density is displayed as the mean of total EEG
power + SEM. A= 8-10 mice per group. The frequency ranges used for power band
calculations and statistical analyses were delta (0.5-4 Hz), theta (4.5-8 Hz), alpha (8.5-14

Hz), beta (15-30 Hz), and gamma (30-60 Hz). “p < .05; "

KKk

p<.01; " p<.001.

Neuroscience. Author manuscript; available in PMC 2020 May 28.



	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Animals
	Surgery
	Apparatus
	Electrophysiological signal analysis
	Statistical analysis

	RESULTS
	Dp16 mice exhibit increased locomotor activity
	Altered sleep–wake profiles in Dp16 mice
	Altered EEG spectral power in Dp16 mice

	DISCUSSION
	References
	Fig. 1
	Fig. 2
	Fig. 3
	Fig. 4
	Fig. 5

