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Assessment of muscle fatigue in perioral muscle after lip-closing
training
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Evaluation method of muscle fatigue for posterior tongue

using neck surface electromyography: a pilot study
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Muscle synergy analysis during swallowing in the elderly
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actual state of masseter muscle activity during daytime
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Electrophysiological characterization of sleep bruxism
patient—specific induced pluripotent stem cell-derived neurons
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I. Purpose

Sleep bruxism (SB) is defined as sleep-related
movement disorder characterized by grinding and
clenching of the teeth during sleep. SB is
reported to be associated with poor prognosis
of dental treatment and seriously compromises
the patient’ s quality of life. The decisive
mechanisms that develop SB are not well
understood. Previously, we found a significant
association between SB and SNP rs6313—a single
polymorphism in the neuronal
(HTR2A)V.  To
understand the role of this SNP in the
of SB, we differentiated SB

induced

nucleotide

serotonin 2A receptor gene

developments

patient—specific pluripotent stem

(iPSCs)  into HTR2A
)

polymorphism®. The aim of this study was to

cells neurons with
evaluate the functional differences between the
control and SB iPSC-derived neurons by using

whole—-cell patch—clamp technique.

II. Methods
1. Neural differentiation of iPSCs

iPSCs from two SB patients (SB-1, SB-2) with
the risk allele C of SNP rs6313(C/C) and two
controls (C-1, C-2) without the risk allele
(T/T) were used. iPSCs were differentiated into
neurons with the characteristics of the ventral
hindbrain by using the regional-specific neural

induction method. We defined the initiation day

30

of neurosphere culture as 0 days in vitro
(DIV). The cells were differentiated into
neurons and grown in adherent culture from 21
DIV.

2. gRT-PCR and immunocytochemical analysis

Regional identity of neurons induced from the
C2 line were confirmed by gRT-PCR performed
G Il -tubulin, MAPZ2 and HTRZA-
specific primer. Immunocytochemical analysis
was performed with anti-MAP2 (1:500) and anti-
(5-HT2AR)

with Nestin,

serotonin 2A receptor antibodies
(1:200) .

3. Electrophysiological recordings

The whole—cell patch—clamp technique was used
to evaluate electrophysiological properties of
differentiated neurons. These neurons were
divided into the following 4 groups: 31-51; 52—
71; 72-91 and 92-111 DIV.

lentiviral vectors, which are specific to HTRZA

Newly developed
promoter, were transduced into the
differentiated neurons for labeling target
neurons. For voltage—clamp recordings, cells
were clamped at —60 mV. Membrane capacitance
and input resistance were calculated from 5—mV
hyperpolarizing voltage step at the holding
potential. For current—clamp recordings, action
potential (AP) rheobase, amplitude and half-
duration were calculated by repetitive
depolarizing current pulses of incremental
(=60 to +120 pA,

amplitude 300 ms pulse



duration). In addition, we assessed the effects
of TCB-2,

neurons.

a selective 5-HT2AR agonist, on the

Fig 1.
typical HTRZA-positive neuron being approached

Phase contrast micrograph showing a

by a patching pipette translucent (left) and
fluorescent (right). Scale bar :50um

4. Statistical analysis

Student’ s ?-test was used to evaluate the

significance level (kp < 0.05).

II. Results & Discussion

1. Differentiated neurons from iPSC display

neuronal phenotypes

The gRT-PCR analysis revealed that neuronal
HTR2A  was detected at 31 DIV and

increased in a time—dependent

first
manner.
immunocytochemical
that iPSCs

differentiated into

Furthermore, by  using

analysis, we confirmed were

successfully HTR2A-
positive neurons.

2. Electrophysiological results

A. Passive electrical properties

From 31 to 111 DIV,
(RMP)  of

shifted towards a more negative potential and

the resting membrane

potential control and SB-neurons
membrane resistances (Rm) showed a decreasing
trend. The membrane capacitance (Cm) increased
after differentiation was induced.

B. Active electrical properties

Both

spontaneous and/or evoked APs.

control and SB-neurons can generate
The percentage
of neurons able to fire APs increased over the
course of 111 DIV. The rheobases and amplitudes
of action potentials also increased with time.

The half-durations of APs decreased during

31

(Fig. 1)

responded to TCB-2 with an inward current.

maturation. HTRZA-positive neurons

C. Comparisons of electrophysiological
properties between control and SB-neurons on
31-51 DIV (Fig. 2)

The RMPs were significantly more negative in
SB—neurons compared to control neurons (RMP,
control —49.15 £ 1.14 mV; SB —53.75 * 1.35
0.02). SB displayed

significantly lower half-durations as compared

mV; p = neurons

(half-duration, control

5.99 £ 0.456 ms; SB 4.09 = 0.51 ms; p=0.01).

with control neurons

Control B 8 *
45 g
o . :
-3C) 5
-E - -49 =y
g; -61 £
Efw k
28 2
-67 * Control SB
Fig 2. Comparison of electrophysiological
properties. Error bars represents SEM. *p <
0. 05.

To our knowledge, this is the first study that
illustrated the electrophysiological
characteristics of SB patient-specific iPSC-
derived showing two

might be

neurons
electrophysiological  parameters

altered in SB neurons. Apparently further
studies are needed with more samples to confirm

the found result.
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Predictable chronic mild stress attenuates nociceptive threshold and sleep quality
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I. BB

Pain and sleep disorders reduce the

quality of 1ife. Chronic pain affects about
20% of people globally and it is linked to
635 billion dollars
Americal.

can affect 20-30% of the population® ¥ and

in annual cost in

Similarly, sleep disturbances
have been implicated as a risk factor in
debilitating like
diabetes, mortality, depression, obesity,

cardiovascular disease and pain?.

diseases dementia,

In the past, chronic stress protocols
have been used, but most studies utilized
unpredictable form. Using the predictable
chronic mild stress (PCMS) model in this
study, the researchers aimed to determine
the relationship between nociception and

(b)

corticosterone

sleep by comparing the (a) pain limit,

sleep quality and (c)

levels.

0. 5i

Ethical approval and all animal experiment

protocols were approved by the Tokushima

University Institutional Review Board
(T30-30).
Adult, male CH7BL/6J (n=32) mice were

32

surgically implanted with
electroencephalogram (EEG) and
electromyogram (EMG) electrodes and a

telemetry device (nanotag®, KISSEI COMTEC,
Japan). Subjects were equally segregated
into the cohorts of control (C), damp sawdust
(DS) PCMS, mesh wire (MW) PCMS, and water (W)
PCMS for 21 days.

(day 2) and chronic (day 21) recordings were

Baseline (day 0), acute
done to measure pain, sleep, locomotion, and

temperature. In addition, changes in food

consumption, water intake and body weight
were recorded every other day.

Testing for pain was done using the tail
pinch, tail immersion, hot plate test and the
Orofacial Pain Assessment Device (OPAD,
USA). The OPAD protocol lasted
for 18 minutes at temperature cycles of 33
45 and 7° C.

At the end of the PCMS timeline, blood

plasma was collected for corticosterone EIA

Stoelting,

and various brain slices (i.e. frontal

cortex, hypothalamus, thalamus, striatum,

amygdala, hippocampus and brainstem) were

harvested for prospective cytokine

profiling. Tissue samples from the dorsal
root ganglion (L1-L3) and the trigeminal

ganglion were also accumulated
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This is the first study that used PCMS to
evaluate pain and sleep.

This study showed that PCMS limited weight
gain despite significant increases in food
consumption. Sleep quality was also shown to
be affected to the EEG/EMG

significantly

according
Wake
increased while the frequencies of NREM
(Fig.
decreased. The PCMS groups showed greater
sensitivity to the tail clip test (p=0.006)
(Fig. 1) and the immersion test (p=0.002),
shorter  hot
(p<0.001), increased hot plate frequency
(p<0.001) and lesser OPAD contact at 7° C
(Fig. 2).

To

polysomnography. was

1) and rapid eye movement (REM) were

reaction

plate latency

of

differences in temperature and locomotion

confirm the presence stress

were observed in the PCMS groups as conveyed
by the nanotag data®. Significantly higher

plasma corticosterone was seen in the PCMS

models.
The current study suggests that
predictable stress blocks weight gain,

decreases sleep quality, and increases pain

sensitivity.
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Figure 1. Comparison between non-rapid eye movement

(NREM) during day 2 and day 21 of the PCMS timeline.

C=control, DS=damp sawdust, MW=mesh wire, W=water.
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Figure 2. Comparison of the number of times the mice

contacted the Peltier rods at 7° C during day 2 and day

21 of the PCMS timeline. C=control, DS=damp sawdust,
MW=mesh wire, W=water.
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