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The frequently used anterior cruciate ligament transection (ACLT) model of

osteoarthritis (OA) in the rabbit confers permanent instability to the joint

that induces joint degeneration. The joint degeneration process is complex,

but includes chondrocyte apoptosis and OA-like loss of cartilage integrity.

The present study evaluates the early stages of this rabbit OA model using

electrophysiological and histological analysis. Two groups of 5 rabbits with

closed epiphyses underwent either unilateral ACLT or contralateral

arthrotomy (sham) surgery. Rabbits were euthanized at 2 and 4 weeks. At

neither 2 nor 4 weeks post ACLT was any full-thickness chondral defects

apparent, nevertheless cell swelling and caspase 3/7 activity were both

increased significantly compared to the sham controls. Whole-cell currents

were recorded with patch clamp of chondrocytes in iso-, hypo- and hyper-

osmotic external solutions. We found that these whole-cell slope

conductance at iso was greater in ACLT treated cells than controls, and the

swelling activate currents (I
Cl.vol

) were also at hypo. These results

demonstrate microscopic changes in chondrocytes take place prior to the

onset of apparent cartilage loss in the ACLT rabbit model of OA. Future

studies will investigate if pharmacological intervention with the activation

of I
Cl.vol

 is a useful pharmacological approach to amelioration of OA. (COI:

No)
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Maxi-Cl is one of the volume-regulated anion channels (VRACs) and

characterized by a large unitary conductance of 300-500 pS, a linear

current-voltage relationship, high anion-to-cation selectivity of >8, and

inactivation kinetics at positive and negative voltages. In many mammalian

cell types, Maxi-Cl regulates anion fluxes and ATP release under a variety

of physiological and pathological conditions. Since the molecular entity of

this channel has long been elusive, we attempted to identify the core

molecule of Maxi-Cl by subjecting proteins from C127 cell-derived bleb

membranes rich in Maxi-Cl activity to LC-MS/MS combined with targeted

siRNA screening. Then, we found that knockdown of a transporter gene,

here called MAC-1, profoundly reduced Maxi-Cl currents. Heterogeneous

expression of MAC-1 generated Maxi-Cl currents in HEK293 cells which

lack Maxi-Cl activity. Knockout of MAC-1 by CRISPR/Cas9 system

completely abolished typical Maxi-Cl activity in C127 cells. Furthermore,

recombinant MAC-1 proteins reconstituted in liposomes exhibited typical

Maxi-Cl channel activity. Taken together, we conclude that MAC-1 is a key

molecule of Maxi-Cl channel. (COI:No)
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Functional activity of ubiquitously expressed large-conductance Maxi-Cl

channels has been detected in a wide variety of mammalian cells and

tissues such as mammary gland, astrocytes, cardiomyocytes, kidney macula

densa, fibrosarcoma etc. This channel is known to be activated by a number

of stimuli including osmotic cell swelling, thereby inducing chloride ion

transport, and has been suggested, mainly based on the pharmacological

data, to act as one of important molecular machineries for release of

paracrine/autocrine signaling anionic molecules like ATP and glutamate.

From our recent proteomic and genomic screening studies, we identified the

core molecule of Maxi-Cl, here called MAC-1. Gene silencing of MAC-1 was

found to suppress not only Maxi-Cl channel activity in mouse mammary

C127 cells but also ATP release from the cells upon a hypotonic challenge.

Also, both a MAC-1 inhibitor and a Maxi-Cl blocker markedly suppressed

the ATP release. Furthermore, in HEK293 cells which lack endogenous

Maxi-Cl activity, heterologous overexpression of MAC-1 generated Maxi-Cl

currents and increased swelling-induced ATP release. Thus, this study, for

the first time, provides firm molecular evidence that the Maxi-Cl channel

serves as a cellular pathway for ATP release. (COI:No)
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Cystic Fibrosis Transmembrane conductance Regulator (CFTR) plays a

main role in the bicarbonate-rich pancreatic juice secretion in the apical

membrane of various epithelia such as pancreatic duct. CFTR dysfunctions

due to gene mutations cause cystic fibrosis (CF), a life threatening genetic

disorder with severe pancreatic insufficiency as well as lethal respiratory

disorder. CF is very rare among Asians whereas Caucasian who has a large

CF population, e.g., F508del mutation with one heterozygote per twenty-

five. Recently a novel massively deleted mutation lacking the coding

sequences along three exons without frameshift (dele 16-17b mutation) has

been found in Japanese CF-patients with a high frequency. Most

importantly two non-consanguineous CF patients with homozygous dele 16-

17b mutation have already been found out of all 27 Japanese CF patients,

which suggests a small but significant population with heterozygous dele

16-17b mutation in Japanese. In this study, we attempted to characterize

effects of the dele 16-17b mutation on the CFTR protein production. Our

results revealed that the (G970-T1122)del-CFTR protein derived from the

dele 16-17b CFTR gene was synthetized albeit the massive deletion, but not

be delivered to the plasma membrane. Unlike the F508del-CFTR, a low-

temperature rescue was not effective against the deletion mutant. Our

research will improve the understanding of the CFTR-related pancreatic

disease in Japanese. (COI:No)
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The TMEM16 gene family consists of dimeric transmembrane proteins

working as calcium-activated ion channels and/or lipid scramblases. Recent

work from our laboratory has suggested that the TMEM16A calcium-

activated chloride channel may be a double-barreled channel, similar to the

members of the CLC chloride channel/transporter family. In our previous

study, a positively-charged residue, K584, was mutated to asparagine,

leading to an outward rectification of the channel current. This suggests

that residue 584 is likely located in the TMEM16A pore. Here we report

that the sidechain charge of the amino acid at position 584 correlates with

the degree of current rectification. Mutagenesis experiments show that the

more negatively charged the amino acid sidechain at position 584, the more

rectifying the channel. Titrating the sidechain charge of histidine by pH or

modifying the sidechain of cysteine with methanethiosulfonate reagents at

this position shows the same effect. These results are reminiscent of the role

of residue K519 of CLC-0, which controls the CLC-0s conductance

electrostatically via its sidechain charge. Interestingly, a recent study by

others demonstrated that the single-channel conductance of TMEM16A is

reduced in the K584E mutant based on noise analysis studies of the

TMEM16A current. These results together suggest that K584 is likely

located at the pore entrance of TMEM16A to facilitate outward chloride flux

via an electrostatic mechanism. (COI:No)
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Transient receptor potential (TRP) channels are highly calcium-permeable

nonselective cation channels. Some of these channels are known as

thermosensitive channels, and have many physiological functions. TRPV3

is a member of TRPV subfamily. This channel is strongly expressed in skin

keratinocytes, and involved in warmth sensation, itch, wound healing, and

several cytokine secretions. This channel has high calcium permeability as

with other TRP channels, and the calcium permeability could induce

physiological events. Previous studies have shown that anoctamin1 (ANO1),

a calcium-activated chloride channel (CaCC), is activated by calcium influx

through TRPV1, TRPV4 and TRPA1. These TRPs-ANO1 interactions are

important for TRPs-induced physiological functions. ANO1 is also

expressed in epithelial cells. Therefore, ANO1 could have physiological

significance with TRPV3 in keratinocytes. Aim of this study is elucidation of

interaction and physiological function of TRPV3-ANO1 in keratinocytes. We

investigated TRPV3-ANO1 interaction in HEK293T cells, and observed

ANO1-mediated currents by TRPV3 activation. Then we studied the

interaction in normal human epidermal keratinocytes (NHEK). We

observed chloride currents induced by TRPV3 activation. These currents

depended on extracellular calcium, and were inhibited by a CaCC inhibitor

CaCCinh-A01. This result suggests that ANO1 interacts with TRPV3, and

it could be involved in physiological meaning of TRPV3 in keratinocytes.

(COI:No)
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Calcium homeostasis modulator 1 (CALHM1), a voltage-gated ion channel,

mediates important physiological activities such as neurotransmission of

tastes and hippocampal synaptic plasticity responsible for memory

formation. Thus, CALHM1 channel regulation is crucial for maintaining the

nervous system. However, regulatory mechanisms of the channel are poorly

understood. In the present study, we show that multiple cysteine residues

in CALHM1 differentially regulate the channel function and plasma

membrane localization, and that CALHM1 is palmitoylated at two

intracellular cysteine residues close to third and forth transmembrane

domains. Disruption of these CALHM1 palmitoylation sites increases the

channel activity including voltage sensitivity and its association with

flotillin1-enriched detergent resistant membrane domains, likely lipid rafts.

Finally, CALHM1 is palmitoylated in taste bud cells in vivo, and zDHHC3,

one of the protein acyltransferases expressed in taste cells and neurons,

increases CALHM1 palmitoylation and downregulates the channel.

Collectively, these data identify a post-translational mechanism of

CALHM1 regulation for the first time and suggest that CALHM1

palmitoylation may play important roles in the regulation of its gating and

lipid raft association and thereby in the regulation of taste perception and

memory formation. (COI:No)
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Calcium homeostasis modulator 1 (CALHM1) is a voltage-gated ATP-

permeable ion channel essential for perception of sweet, bitter, and umami

tastes. In taste bud cells of the tongue, CALHM1 mediates the release of

ATP, the primary neurotransmitter, which conveys taste information from

taste bud cells to the gustatory nerves. Taste bud cells have structural

features of polarized epithelial cells that tight junction separates apical and

basolateral plasma membrane domains with distinct protein compositions.

The apical domain is exposed to the oral cavity where taste sensor

molecules are considered to be localized. On the other hand, in the

basolateral domain, proteins responsible for transduction and

neurotransmission of taste information are supposed to be localized.

Although CALHM1 has been demonstrated to mediate neurotransmitter

release, subcellular localization of CALHM1 in polarized epithelial cells and

its molecular basis have not been studied. In the present study, we have

first clarified that CALHM1 is selectively sorted into the basolateral

membrane when heterologously expressed in highly polarized epithelial

MDCKII cells. As signal sequences for basolateral sorting are typically

located in cytosolic domains of proteins, we have sought intrinsic

basolateral sorting signals of CALHM1 in its cytosolic N- and C-termini and

intracellular loop. In this presentation, our recent results will be discussed.

(COI:No)
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Adipose tissue-derived stem cells (ASCs) is known to have the potential to

differentiate into many kinds of functional cells. We isolated ASCs from

rabbit adipose tissue, and confirmed adipogenic differentiation from ASCs

with adipogenic medium containing insulin, isobutyl-methylxanthine,

dexamethasone, and indomethacin. In this study, we visualized and

quantitated “small lipid droplets” and “large lipid droplets” in differentiated

cells with fluorescent dyes, to evaluate this adipogenic differentiation.

Large lipid droplets were found after 3-day incubation with adipogenic

medium. Cl- channel blocker, NPPB (100µM), suppressed the development

of large lipid droplets. Further analysis of size, intensity, localization,

distribution, and release of lipid droplets will be performed to clarify the

effects of Cl- channel blocker. (COI:No)
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Pannexin 1 (Panx1) is an anion-selective channel that is responsible for

cellular ATP release mechanism. Although the open probability of Panx1

channel has been reported to increase in a voltage-dependent manner, the

detailed single-channel gating kinetics remains unknown. Here, we have

investigated single-channel characteristics of Panx1 using cell-attached

patch-clamp recordings. The channel open time for outward Cl- currents

(Cl- influx) increases linearly as the amplitude of single channel currents

increases, while the open time for inward currents (Cl- efflux) is constant

irrespective of the unitary current amplitude, suggesting that the direction

and amplitude of charge carrier movement regulate the open time (closing

rate) of Panx1 channels. This concept is supported by further observations

by whole-cell patch-clamp recordings that replacement of extracellular Cl-

with gluconate- diminished inward tail currents (Cl- efflux) recorded at -100

mV after a prior depolarization to +100 mV in addition to a decrease in

outward currents (anion influx) at +100 mV, suggesting that the current

amplitude influenced the channel open probability at +100 mV. These

results suggest that the apparent voltage-dependence of Panx1 gating is

mediated by the direction and amplitude of unitary currents rather than by

the membrane potential itself. (COI:No)
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Benzodiazepines (BZDs), which bind with high affinity to gamma-

aminobutyric acid type A receptors (GABAA-Rs) and potentiate the effects

of GABA, are widely prescribed for anxiety, insomnia, and epileptic

discharge and as anti-convulsants. The long-term use of BZDs is limited

due to adverse effects such as tolerance, dependence, withdrawal effects,

and impairments in cognition and learning. However, the gene expression

and signaling pathways related to these effects are not completely

understood. In the current study, we performed a microarray analysis to

investigate the mechanisms underlying the effect of chronic BZD

administration on gene expression. Diazepam (DZP, a BZD) was chronically

administered, and we found that lipocalin 2 (Lcn2) was the most

upregulated gene. Immunostained signals of Lcn2 were detected in neuron,

astrocyte, microglia, and Lcn2 protein expression levels were consistently

upregulated. This upregulation was observed without pro-inflammatory

genes upregulation, and was attenuated by chronic treatment of

deferoxamine mesylate (DFO), iron chelator. Our results suggest that

chronic DZP administration upregulates Lcn2 expression levels without an

inflammatory response. Furthermore, the DZP-induced Lcn2 upregulation

was influenced by ambient iron. (COI:No)
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It has been reported that signaling efficacy of several G protein coupled

receptors are regulated by membrane potential. Thus we examined the

voltage dependence of the signaling triggered by stimulation of human

purinergic P2Y1R (hP2Y1R) in HEK293T cells, by analyzing its effect on

the co-expressed KCNK13 channel current at different holding potentials.

Concentration-response curve of an agonist, ADPβS, was biphasic, which

was shifted toward left by depolarizing the holding potential from -80 mV to

0 mV. We found by mutagenesis study that Ala mutation of Asp97 or

Asp320 suppressed the voltage dependent shift of the biphasic

concentration-response curve. We also analyzed the voltage dependence of

the interaction between hP2Y1R and G protein, by measuring the efficiency

of fluorescence resonance energy transfer (FRET) between hP2Y1R-YFP

and CFP-Gβ1
 in the presence of Gαq

 and Gγ2
. The FRET efficiency was

increased in a concentration dependent manner and concentration-FRET

relationship was shifted leftward by depolarizing the membrane potential;

EC
50

 of ADPβS is 0.51 ± 0.09 µM at 40 mV and 1.02 ± 0.22 µM at -80 mV.

Similar results were obtained when ATP or 2Me-S-ADP was applied. The

voltage dependence was not observed when Asp320 was mutated to Asn,

indicating that the negative charge at Asp320 plays a critical role in the

voltage dependence of hP2Y1R-YFP. Taken together, these results clearly

demonstrate that hP2Y1R shows voltage dependence and that Asp320 is a

critical structural determinant. (COI:No)
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P2X2 is a ligand-gated ion channel activated by extracellular ATP and is

known to undergo pore dilation, especially when the expression density is

high. However, there is a study reported recently which is against the pore

dilation in P2X2. Moreover, the structural rearrangements upon ATP

binding which are not associated with channel opening including pore

dilation remains elusive. In the present study, we aim to analyze the

secondary structural rearrangements upon ATP dependent gating on top of

current activation by voltage-clamp fluorometry (VCF). We used a

fluorescent unnatural amino acid (fUAA) named ANAP as a probe which

was directly incorporated into the channel protein in Xenopus oocytes. First,

we found that ANAP fluorescent signal changes at Lys53 (TM1), Ser54

(extracellular linker) and Ile341 (TM2) showed a significant delay in the

time course compared to the ionic current when P2X2 was activated by ATP

application. The changes might imply the presence of distinct

conformational changes apart from the current activation upon ATP

binding. Second, we observed that the direction of the fluorescent changes

at Ile341 in the pore region was dependent on the expression density,

increased in high level and decreased in low level. As a possibility, the

changes might be correlated with the pore dilation of P2X2. Taken together,

these results provide us with a clue to approach how the secondary

structural rearrangements occur upon ATP binding. (COI:No)
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Enkephalin (Enk)-containing neurons are distributed at a high density in

the superficial dorsal horn (SDH) of the spinal cord, where they are

assumed to play an important role in nociceptive modulation. In the present

study, we investigated the pharmacological properties of Enk-containing

neurons in an attempt to better understand how the release of Enk is

regulated in the SDH. Tight-seal whole-cell recordings were obtained from

neurons localized in the SDH of the lumbar spinal cord in mice. L-

glutamate (Glu) was applied by pressure ejection through a puffer pipette

placed near the recorded neurons. Glu-induced membrane currents were

recorded. After the electrophysiological experiments, the recorded neurons

were harvested and single-cell real-time RT-PCR was performed. The puff

application of Glu evoked an initial inward current and subsequent outward

current of long duration at a holding potential of 0 mV. The outward current

was reduced by an N-methyl-D-aspartate (NMDA) receptor antagonist and

by a selective large-conductance calcium-activated potassium (BK) channel

antagonist. Approximately 90% of SDH neurons expressed

preproenkephalin mRNA. The neurons generating the outward current

tended to express BK channel αsubunit (Kcnma1) mRNA, and a

significantly large population of outward current-negative neurons did not

express Kcnma1 mRNA.Our results suggest that Ca2+ influx through

NMDA receptors may activate BK channels and thus hyperpolarize Enk-

containing neurons in the spinal SDH. This may be involved in the

regulation of the release of Enk in the SDH. (COI:No)
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It has been shown previously that photoactivation of channelrhodopsin-2

(ChR2) expressed in astrocytes of the glial cell population leads to

glutamate release from astrocytes in the mouse cerebellum. Here, we show

that, also in the hippocampus, astrocytic ChR2 photoactivation leads to

neuronal excitation, albeit with different pharmacological characteristics.

Such astrocyte-mediated activation of neurons was strong enough to cause

action potential firing in the hippocampal dentate gyrus granule cells.

Using freely moving mice, we show that astrocytic ChR2 photoactivation

lead to changes in the oscillatory frequency of electroencephalography

(EEG), suggesting that the mode of information processing in the

hippocampus could be altered with such stimulation. We next tested the

effect of astrocytic ChR2 photoactivation on the memory formation using

the fear-conditioning paradigm. When astrocytic ChR2 photoactivation

closely followed the foot-shock stimulation, memory of such aversive stimuli

was lost when tested on the following day. Astrocytic ChR2 photoactivation

given long after the foot-shock stimulation was not effective in interfering

with memory. This suggests that a specific time window exist, when

memory is kept in a fragile state and intervention of memory is still possible

using astrocytic ChR2 photoactivation. Our study shows the possible use of

this method to resolve the memory consolidation process as well as to seek

for a possible role of innate astrocyte activity in memory. (COI:No)
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The daily excretion/reabsorption of electrolytes in the kidney is a pivotal

physiological mechanism to maintain the appropriate fluid balance in our

body. The typical response to the lowering of plasma Na+ concentration and

the fall of blood pressure involves the release of aldosterone from the

adrenal glands. In the present study, we propose for the first time a new

approach based on Raman spectroscopy to monitor the ionic activity and

volume variation in A6 epithelial cells treated with aldosterone. This

spectroscopic technique is capable of probing the cells through their

thickness in a non-destructive, accurate and nimble way. The spectroscopic

variations of the Raman bands associated to the O-H stretching of water

have been correlated to the variations of ionic concentration in the

intracellular and extracellular fluids. The increase of ionic activity in the

apical surface of aldosterone-treated cells was clearly visualized and

compared to untreated cells. In addition, CH2 stretching Raman bands of

proteins and lipids have been used to quantify the cell thickness, which was

shown not to be affected by aldosterone. (COI:No)
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Patch clamp is a very important method to record ion channel currents of

cells such as myocytes. We have developed a planar patch clamp device,

which uses a planar electrode by bonding a silicon resin

polydimethylsiloxane (PDMS) and then slicing it. However, there is room

for improvement in the bonding of PDMS, and in the stability of the hole

into which cell membrane is pulled. Therefore, we tested effects of pressure

load and irradiation distance of UV light on PDMS bonding using scanning

election microscope. Complete bonding was attained when the distance

between the UV light source and the PDMS sample was set to 5 mm. At this

condition, the shape of the hole was confirmed to be a 2 µm square. It was

revealed that the pressure load and the distance between the UV light

source and the PDMS sample are critical to obtain a planar electrode

similar to the conventional glass electrode. Application of these techniques

may provide simple and accurate recording of ion channel current. (COI:

No)
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BACKGROUND: Human induced pluripotent stem cell derived

cardiomyocytes (hiPSC-CMs) show different electrophysiological

characteristics between ventricular, atrial, and nodal-type cells.

Understanding of electrophysiological properties of all cell types is

necessary for clinical usage of hiPSC-CMs i.e. transplantation. METHODS:

We developed a novel model of hiPSC-CM, based on the experimental data

for INa, If, Ito, IK1, IKr, and IKs, from Am. J. Physiol. Heart Circ. Physiol.
301, 2011. We implemented ICaL, IbNSC, IKpl, INaK, INaCa from Prog.
Biophys. Mol. Biol. 116, 2014 and our original unpublished data.

RESULTS: We successfully reproduced the morphology of action potential

and characteristic parameters such as beating rate, maximum diastolic

potential, action potential amplitude, maximum rate of depolarization,

action potential duration. The lead potential (VL) analysis revealed that

Iha, IK1, and Iha played the primary role to produce its automaticity.

CONCLUSION: We constructed novel model of hiPSC-CM and reproduced

their electrophysiological features. (COI:No)
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During rodent ventricular cell development, the sarcoplasmic reticulum

(SR) is scarce and poorly organized. A Ca2+ transient in embryonic

ventricular cells depends mostly on Ca2+ influx through L-type Ca2+

channels. In rat ventricular cells, transverse tubules (t-tubules) begin to

form postnatally. As such, Ca2+-induced Ca2+ release (CICR), in which

ryanodine receptor channels on the SR are activated via Ca2+ influx

through L-type Ca2+ channels on the t-tubules, is not established in

embryonic ventricular cells. Here, we modeled developmental changes in

guinea pig ventricular cells and identified the factors that enhance

contraction of the cells with an increase in CICR. We modeled

developmental changes in guinea pig ventricular cells and identified the

factors that enhance contraction of the cells with an increase in CICR. From

the middle to late embryonic stages in guinea pig ventricular cells, almost

all factors, except for an increase in the L-type Ca2+ current density,

contributed to increasing the amplitude of half sarcomere length along with

an increase in the CICR parameter. (COI:Properly Declared)
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Early afterdepolarization (EAD) is known as a cause of ventricular

arrhythmias in long QT syndrome (LQTS). We examined dynamical

mechanisms of EAD generation in LQTS by bifurcation analyses of human

ventricular myocytes (HVM) models developed by Kurata et al (Biophys J,

2005) and O’Hara et al (PLOS Comp Biol, 2011). Bifurcation diagrams were

constructed as functions of parameters by calculating equilibrium points,

limit cycles, their stability and bifurcation points. Effects of modulating the

delayed-rectifier K+ channel currents (I
Kr

, I
Ks

), L-type Ca2+ channel current

(I
CaL

), Na+/Ca2+ exchanger current (I
NCX

) and intracellular Ca2+ dynamics

were examined. During decreases in I
Kr

 conductance, Kurata 2005 model

reproduced two types of EADs with different termination mechanisms: I
Ks

activation-dependent EAD and I
CaL

 inactivation-dependent EAD. The slow-

fast decomposition analysis clearly demonstrated the distinct mechanisms

of EAD termination in the two types of EADs. In O’Hara et al model, EAD

generation depended strongly on slow voltage-dependent inactivation of

I
CaL

. Effects of I
NCX

 and Ca2+ dynamics on EAD generation and

bifurcations were different in the two models. Thus, dynamical mechanisms

of EAD generation are model dependent; further studies with refinements

of model cells are required for more profound understanding of the

mechanisms of EAD generation. (COI:No)
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The action potential duration (APD) in cardiac myocyte is prolonged under

I
Kr

 block. However, the degree of APD prolongation differs among various

I
Kr

 blockers. The different APD prolongation can be accounted for by

repolarization reserve. The concept of repolarization reserve is based on the

idea that normal repolarization is determined by multiple and redundant

mechanism. Block of any one of these may result in subclinical QT

prolongation. APD under I
Kr

 block may remain near normal, but under

particular condition it may lead to exaggerated APD and QT prolongation.

Although this concept contributes to the understanding of the mechanisms

of drug-induced arrhythmia, the vague definition limits the application of

the concept only for ad hoc explanation to interpret different degrees of

drug-induced APD prolongation. To utilize the concept of repolarization

reserve for the prediction of impact of ion channel modification on APD, we

defined a new quantitative index of repolarization reserve by using a

human ventricular myocyte simulation model. The index was calculated by

simulating action potential clamp with prolonged action potentials. This

approach allowed us to isolate current component that is activated during

repolarizing phase of action potential. The calculated index was compared

with simulated APD prolongation and we found that the proposed method

can account for and predict APD prolongation under various conditions. The

proposed index for repolarization reserve is expected to contribute to

further understanding of APD prolongation. (COI:No)
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In order to characterize properties of the conduction and automaticity in

human induced pluripotent stem cell-derived cardiomyocytes sheets, we

examined them electrophysiologically and electropharmacologically by

using the multi-electrode array system with a programmed electrical

stimulation protocol. At pre-drug control, the conduction speed (CS),

effective refractory period (ERP) and field potential duration (FPD) were

0.14±0.01 m/s, 453±10 ms and 361±9 ms, respectively at a cycle length of

1,000 ms (n=18). Shortening the pacing cycle length from 1,000 to 600 ms

decreased CS and FPD, but prolonged ERP. Na+ channel blockers lowered

CS and prolonged ERP in the order of disopyramide =flecainide >lidocaine.

They also suppressed the automaticity of the cell sheet in the order of

flecainide >lidocaine >disopyramide, suggesting a state-dependent Na+

channel block by the drugs. Thus, the conduction and automaticity of the

cell sheet may partly depend on the extent of Na+ channel availability as is

the case in human ventricle. Importantly, there was no relationship

between the conduction delay and 1st spike amplitude reduction in field

potential waveform after the treatment of Na+ channel blockers. These

findings may provide a guide on future application of this new technology

for early phase safety pharmacological screening of new chemical entities.

(COI:No)
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The dihydropyridine-sensitive sustained inward Na+ current (I
st

) has been

suggested to play a crucial role in pacemaker activity in sinoatrial node

cells, yet the molecular mechanism underlying this current remains

unknown. We have recently found that genetic ablation of L-type Ca
V

1.3

channel resulted in nearly complete disappearance of I
st

 in mouse sinoatrial

node cells, indicating that Ca
V

1.3 is required for the generation of I
st

.

However reconstituted Ca
V

1.3 channels cloned so far exhibit high Ca2+

selectivity but are hardly permeable to Na+ under physiological condition.

Here we found that I
st

 was strongly inhibited by 9-phenathrol and

flufenamic acid, both are known as specific blockers of TRPM4 Ca2+-

activated nonselective cation channel. In addition, significant reduction of

I
st

 was also observed either by intracellular BAPTA (10 mM) loadings or by

srcoplasmic reticulum block after combined treatments with ryanodine (10

µM) and thapsigargin (3 µM). These pharmacological assessments suggest

that I
st

 is a Ca2+-activated Na+ current through TRPM4 channels. Our data

support emerging evidence for the functional coupling of Ca
V

1.3 and

TRPM4 channels via intracellular Ca2+ to generate the dihydropyridine-

sensitive voltage-gated Na+ current, I
st

, in cardiac pacemaker cells. (COI:

No)
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In the autonomic regulation of pacemaker cells of sino-atrial node (SAN),

the role of hyperpolarization-activated cyclic nucleotide-gated channels

(HCNs) still appears matter of debate. We therefore generated novel

transgenic mice, in which HCN4 expression level could be changed from

zero (Knockdown; KD) to 3 times of WT (Overexpression; OEx); the ratio of

HCN4 mRNA was 1:~3:~0 (WT: OEx : KD). In accordance with this, the

density of HCN currents in SAN myocytes measured at -130 mV was

18.2±8.6 pA/pF (WT), 43.7±20.3 pA/pF (OEx), 6.5±4.1 pA/pF (KD). We next

recorded telemetric ECGs from freely moving mice of WT, OEx and KD.

Severe sinus node dysfunction was observed in KD, whereas no apparent

tachycardia, in OEx. Furthermore, SAN dysfunction in KD was more

evident during low activity periods. We therefore compared

parasympathetic responses by electrical stimulation of right cervical vagal

nerve (CVN). During the stimulation, OEx and WT equally showed

bradycardia. In contrast, CVN stimulation induced complete sinus pause in

KD. To investigate this mechanism in vitro, we recorded action potential of

single SAN cell during cumulative application of acetylcholine (ACh;

0,3,30,300nM). KD exhibited unstable spontaneous firing. Moreover, the

firing rate and the diastolic depolarization rate of KD were significantly

lower in the absence or presence of ACh 3 nM than those of WT. Our study

suggests that HCN4 act as a limiter for bradycardia during

parasympathetic stimulation and stabilize spontaneous firing of SAN. (COI:

No)
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Cardiac repolarization process is dependent on the slow component of the

delayed rectifier potassium (I
Ks

) channel composed of Ca2+-sensitive

KCNQ1 and KCNE1. Although calmodulin binding to KCNQ1 has been

shown to regulate its Ca2+-sensitivity, the entire macromolecular

mechanism remains unclear. To study the macromolecular complexes, we

employed transgenic mice overexpressing KCNQ1-KCNE1 fusion protein

specifically in the heart. To identify interacting proteins, the I
Ks

 channel

were immunoprecipitated with an anti-KCNQ1 antibody. The immune

precipitate was subjected to mass spectrometry, and 163 proteins were

identified as potential binding partners. Pathway analysis of these proteins

(the IPA software) revealed that the most significant biofunction is the

“Calcium signaling”. Among 16 identified proteins relating to calcium

signaling, we focused on a Ca-transporting protein expressed in the plasma

membrane. The native Ca-transporting protein in dog ventricles was pulled

down with C-terminal intracellular region of KCNQ1 purified as a GST-

fusion protein. Using a series of GST proteins fused with portions of the

region, we identified a proximal side of C-terminus of KCNQ1 as an

interacting region. These results imply that Ca2+-sensitivity of the I
Ks

channel is regulated via formation of its macromolecular complexes. (COI:

No)
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Hyperglycemia is considered a risk factor for atrial fibrillation (AF).

However, molecular mechanism by which high glucose facilitates AF is not

clear. Here, we have investigated the effects of long-term treatment of

glucose on three potassium channels that are expressed in human atrium -

hERG, Kir2.1 and Kv1.5, We first used the Xenopus oocyte expression

system to see the effects of high glucose. Oocytes injected with

corresponding cRNAs were incubated with normal (5 mM) or high glucose

(30 mM) for 48-hr, and the whole cell currents were measured by two-

microelectrode voltage-clamp. I 
K1

 (Kir2.1 current) was suppressed to 40%,

and I
Kur

 (Kv1.5 current) was enhanced to 160% by high glucose incubation.

In contrast, I
Kr

 (hERG current) was not significantly affected. Then, we

focused on I
K1

 and I
Kr

 to further evaluation. When the currents of HEK293

cells expressing Kir2.1 or Kv1.5 were recorded by patch-clamp technique,

effects of high glucose on both the currents were reproduced. Although their

protein levels were not affected, mRNA levels of Kv1.5 were increased with

high glucose. Chelerythrine, a protein kinase C inhibitor, abolished the

suppressive effects of high glucose on Kir2.1 currents, whereas it did not

affect the enhancing effect on Kv1.5 currents. These results suggest that

extracellular high glucose has differential effects on Kir2.1 and Kv1.5

currents, which may affect cardiac excitability. (COI:No)
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It has been classically accepted that the blood flow (BF) to non-active

muscles decreased during dynamic exercise (e.g., BF in upper limb during

leg cycling). The recent studies, however, showed that, during leg cycling,

the BF in brachial artery (BA) did not reduce, rather increased with work

rate (WR). To clarify such discrepancy, we observed the control of BF in BA

during leg cycle exercise with sinusoidal WR forcing. Nine healthy young

male subjects performed upright leg ergometer exercise with a constant WR

for 30 min followed by 16 min sinusoidal WR forcing of 4 min period

fluctuating between 20 W to 60 % peakVO
2
. During the protocol, we

measured gas exchange, heart rate, mean arterial blood pressure, stroke

volume, forearm skin BF and sweating rate (SR), and net blood velocity (net

BV = antegrade BV - retrograde BV) and cross sectional area of BA. Each

variable: y(t) were fitted as y(t)=M+A*sin((2π/T)*t-θ), where t: time, M:

mean level, A: amplitude, T: period (i.e. 4 min), θ: phase shift. Almost

variables traced the sinusoidal form adequately. Whereas phase shifts of

the variables regarding O
2
-delivery to active muscles showed around 40-

70°, that of net BF in BA was approximately 180°. That is, the net BF to

non-exercising limb showed the anti-phasic change to sinusoidal WR, and

did not reflect the phases of forearm skin BF and SR. (Supported by JSPS-

KAKENHI #26350698) (COI:No)
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During sinusoidal work rate (WR) fluctuation of leg cycling, it was well

known that the variables relating to the O
2
-tarnsport to the active muscles

such as pulmonary and gas exchange (VE, VO
2
, VCO

2
) and heart rate (HR)

could trace the WR well with approximately 40-70 ° delay. We recently

observed that the blood flow (BF) to non-active upper limb showed, not the

similar, but approximately the anti-phasic response. To confirm this

phenomenon, we observed the BF in femoral artery (FA) during sinusoidal

WR fluctuation of arm cranking. The healthy young subjects performed the

arm cranking with a constant WR for 15 min followed by 24 min sinusoidal

WR forcing of 4 min period fluctuating between 10 W to 30 % peakVO
2
.

During the protocol, we measured VE, VO
2
, VCO

2
, HR, skin BF and SR in

lower leg, in addition to the blood velocity (net BV = antegrade - retrograde

BVs) and cross sectional area of FA (by Ultarsonography). For the

reference, the alternative protocol was performed using leg cycling. During

a relatively higher WR duration of one sinusoidal cycle of arm cranking, the

retrograde BF in FA was clearly increased, similar to the observation of leg

cycling. However, this inflow did not reflect the change of SBF and/or SR in

lower leg. Accordingly, the BF in FA during arm cranking seems to be

determined by the BF to the region(s) other than the skin of lower leg.

(Supported by JSPS-KAKENHI #26350698) (COI:No)
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Our laboratory has reported that central command contributes to increased

blood flow in the non-contracting vastus lateralis (VL) muscle during one-

legged cycling in sedentary subjects. The present study aimed to examine

whether the muscle vasodilator response is affected by endurance training.

Seven athletes and eight sedentary men performed voluntary or passive

one-legged cycling and mental imagery of the voluntary exercise for 1 min.

Exercise intensity was set at 35% of the maximal voluntary exercise. The

relative changes in oxygenated-hemoglobin concentration (Oxy-Hb) of the

gluteus medius (GM) and VL muscles in the non-exercising leg were

measured as index of muscle tissue blood flow with near-infrared

spectroscopy. In both groups, the Oxy-Hb of the GM and VL muscles

increased at the start period of voluntary one-legged cycling. The increases

in Oxy-Hb of the muscles were significantly greater in athletes than in

sedentary subjects. In contrast, the Oxy-Hb of the GM and VL muscles was

unchanged at the start period of passive one-legged cycling, suggesting that

the initial increases in Oxy-Hb of both leg muscles during the voluntary

exercise were not derived from a feedback by limb mechanosensitive

afferents. The Oxy-Hb of both muscles also increased during mental-

imagery of the one-legged cycling and the responses were greater in the

athletes as compared to the sedentary subjects. It is likely that the muscle

vasodilator effect by central command is augmented by endurance training.

(COI:No)
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We have reported that increased oxygenation of the prefrontal cortex prior

to the onset of voluntary leg exercise may be in association with central

command (Matsukawa et al. 2016; Asahara et al. 2016). The purposes of

this study were to examine 1) oxygenation responses in the prefrontal and

motor areas prior to and during voluntary arm exercise and 2) influence of

exercise intensity on the cortical oxygenation response. We measured

concentrations of oxygenated-hemoglobin (Oxy-Hb) in the prefrontal and

motor cortical areas with functional near-infrared spectroscopy during

voluntary one-armed cranking at 30% and 60% of the maximal voluntary

effort (MVE). The probe locations were determined using a 3D digitizer and

transcranial magnetic stimulation (TMS). In the dorsolateral prefrontal

area, the Oxy-Hb increased prior to and at the onset of arm exercise,

irrespective of exercise intensity. The increased Oxy-Hb was sustained

during the exercise at 60% MVE, while the Oxy-Hb decreased during the

exercise at 30% MVE. In the premotor and primary motor areas, the

increase in Oxy-Hb was delayed from the exercise onset but sustained

throughout the exercise at 60% MVE; such increases of Oxy-Hb were higher

than those at 30% MVE. TMS, given on the motor areas where Oxy-Hb

showed the greatest increase, evoked an activity of the agonist muscle.

Thus it is likely that increased oxygenation in the dorsolateral prefrontal

cortex prior to and during voluntary exercise may relate to generation of

central command. (COI:No)
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We have recently reported that centrally-induced vasodilator signal is able

to increase blood flow in the vastus lateralis (VL) muscle during motor

imagery in young subjects (Ishii et al. J Appl Physiol 2012; Ishii et al.

Physiol Rep 2013, 2014). The purpose of the present study was to examine

the influence of motor imagery on muscle blood flow in elderly subjects. We

measured the relative changes in concentrations of oxygenated-hemoglobin

(Oxy-Hb) of the VL muscle during motor imagery of voluntary one-legged or

two-legged cycling using near-infrared spectroscopy as index of tissue blood

flow in nine elderly (66 ± 1 yrs) and nine young subjects (23 ± 0.3 yrs). The

extent of vividness [from 0 (not vivid at all) to 10 (the most vivid)] during

the motor imagery of one-legged or two-legged cycling was similar between

elderly and young subjects (elderly; 6.1 ± 0.5, young; 5.2 ± 0.4). The Oxy-Hb

in the bilateral VL muscle significantly increased during the motor imagery

of the one-legged or two-legged cycling (one-legged; 18.2 ± 6.1 µMcm, two-

legged; 16.1 ± 5.7 µMcm), whereas systemic hemodynamics did not

significantly change. On the other hand, when the elderly subjects imagined

a circle with no relation to exercise, no distinct change in any variable was

observed. These findings suggest that motor imagery of voluntary cycling

increases muscle tissue blood flow of bilateral VL muscle not only in young

but also in elderly subjects. The changes in the Oxy-Hb in the muscle may

serve as a quantitative tool to assess motor imagery. (COI:No)
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Cerebral perfusion pressure is relatively independent of changes in posture,

however the relationship between postural changes in intracranial pressure

(ICP) and cerebral volume flow remains unclear. In the present study we

evaluated regional cerebral blood flow (CBF) during changes in ICP induced

by head-up tilt. Previous study has reported that a positive correlation

exists between ICP and intraocular pressure (IOP). Thus, in the present

study, the IOP was used as an index of ICP. We tested the hypothesis that

anterior, but not posterior cerebral blood flow is correlated to postural

changes in ICP. In 10 young men, vertebral artery (VA), and internal

carotid artery (ICA) blood flow was recorded along with IOP, during supine

and 10°, 20°, 90° of head-up tilt. Compared with the supine position, ICA

and VA blood flow were well maintained while IOP was decreased (P<0.05)

during all angles of head-up tilt. However, individual change in IOP was

correlated to that of ICA vascular conductance (r=-0.47, P=0.003) during

head-up tilt. These findings suggest that change in ICP may be involved in

the regulation of anterior CBF. In contrast, individual change in IOP were

not correlated to VA vascular conductance (r=-0.03, P=0.86). Therefore, we

considered that there is a difference in the effect of change in ICP on CBF

regulation between anterior and posterior part of the brain during head-up

tilt. (COI:No)

3P-034
��������������	�������������	��������	�����������

��������

��
������$�
���
���

 ��������.�2��
�
 ����
�������

�
 ������$�
���

�
 �

&���&������
�

�
1	��-���!����������1�8����� �����-����1�8���+����

�
�����'��
��/����
��

-���!�����-����1�8����� �����-��

The vestibular system consists of otolith and semicircular canals. The

galvanic vestibular stimulation (GVS) and the otolith stimulation modify

the sympathetic nerve activity. Recently, we demonstrated that GVS

increases an index of cardiac parasympathetic nerve activity, i.e., high

frequency component (HF) of heart rate variability (HRV). Thus, GVS

might stimulate afferent nerves from both otolith and semicircular canals,

and the increase in HF might be induced by the semicircular canals. In the

present study, we stimulated only semicircular canals using caloric

stimulation, and measured heart rate (HR) and arterial pressure (AP). AP,

ECG, and nystagmography of 14 subjects were measured continuously in

the sitting position. 6 L/min of airflow at 24 °C was applied to the right ear

for 1 min. Nystagmus was observed in all subjects in the latter half of the

stimulation, and continued around 1 min after the end of stimulation. Mean

AP did not change significantly through the measurement. However, HR

decreased at the onset of the stimulation, and maintained during the

stimulation. After the end of stimulation, HR recovered immediately. No

relationship of the time and the degree between the HR and nystagmus,

thus, it might not be related to semicircular canals function. With airflow of

37 °C did not induce nystagmus and decrease in HR. Thus, the decrease in

HR was not induced by mechanical stimulation against the ear, but by cold

stimulation. Further study is expected to clarify the mechanism. (COI:No)
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Contour of central pressure waves could be affected by cardiac function as

well as by hemodynamics. We investigated relation of echocardiographic

index with augmentation index (AI) of pressure waves and hemodynamic

parameters by changing left ventricular (LV) afterload using vasoactive

drugs in rabbits. Two pressure sensors at the catheter tip were placed at the

left ventricle and ascending aorta (AA) under pentobarbital anesthesia.

Ultrasonic flow probe was placed at AA. Pressure and flow waves in

response to intravenous infusion of angiotensin II (Ang II) and sodium

nitroprusside (NTP) were recorded simultaneously with echocardiogram

under regular cardiac pacing. AI was determined as S
2
/S

1
, where S

1
 and S

2

were height of early and late systolic waves. Systolic (SBP), diastolic (DBP),

mean (MAP) blood pressures, S
2
 (=PP), AI, total peripheral vascular

resistance (TPR), peak LV dp/dt and ejection time (ET) increased

significantly, while percent LV fractional shortening (%FS) and aortic

compliance (SV/PP) decreased significantly in response to Ang II. PP and

SV were pulse pressure and stroke volume. SBP, DBP, MAP, PP, AI, peak

LV dp/dt and ET decreased significantly in response to NTP. FS tended to

increase, which was not significant. FS showed negative significant

correlation with SBP, DBP, MAP, PP, AI and TPR, and positive significant

correlation with S
1
 and SV/PP. ET correlated positively with AI and TPR

and negatively with FS and S
1
. We can conclude that reflected wave from

peripheral arterial sites was involved in change in %FS. (COI:No)
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We have previously reported that the systemic blood pressure was

maintained and the heart rate slightly increased by baroreflex under the

long-term head-up tilt (HUT) in SD rats anesthetized with urethane. In this

study, we try to measure central venous pressure (CVP) in anesthetized SD

rats (urethane 1.0-1.5 g/kg, i.p.), to examine the change of CVP before and

during the 30 min HUT. A catheter, of which a tip and a connected

transducer were in the level of right atrium, was inserted via jugular vein

for CVP measurement. After the onset of HUT from supine posture, CVPs

decreased immediately from control value; by -1.4 ± 0.8 mmHg (mean ± SD)

in 8-week-old rats, n=4; by -1.3 ± 1.1 mmHg in 12 to 20-week-old rats, n=3;

by -1.7 ± 1.3 mmHg in 38 to 55-week-old rats, n=3. The CVP gradually

decreased throughout HUT except the old rats (by -1.9 ± 0.6 mmHg; by -1.8

± 1.6 mmHg; by -1.6 ± 1.1 mmHg, respectively, at 30 min HUT). In

conclusion, the decrease in CVP just after HUT was caused by hydrostatic

pressure gradient, the gradually decrease in CVP under prolonged HUT

seem to be related to the conditions of the resistance vessel contractions

and/or circulatory blood volume in the upright posture. This work was

supported by JSPS KAKENHI Grant # 26506024. (COI:No)
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The nucleus tractus solitarii (NTS) is known to be involved in the central

cardiovascular regulation in response to a single bout of exercise; however,

the underlying neuronal mechanisms are still poorly understood. Since it

has been reported that the brain cholinergic system plays an important role

in regulating muscle tone and locomotion, we investigated whether the

cholinergic system regulates cardiovascular system by activating NTS

cholinergic receptors and examined their potential involvement in

cardiovascular regulation during exercise. Carbachol, which is a non-

specific cholinergic receptor agonist, was unilaterally microinjected into the

NTS of urethane-anesthetized Wistar rats. Both arterial pressure and heart

rate initially decreased and subsequently increased following carbachol

microinjections into the NTS. The increased responses were larger and

longer than the decreased responses. In the NTS, gene expression of

nicotinic receptor subunits, α3, α7, β2, and β4, and muscarinic M
3
 receptors

have been identified by microarray analysis. Moreover, β2 gene expression

levels were altered by long-term daily exercise in rats. These findings

suggested that acetylcholine within the NTS may play a role in regulating

cardiovascular homeostasis via activation of both nicotinic and muscarinic

receptors and the former may also be involved in exercise-induced

cardiovascular responses. (COI:No)
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Physical and mental stresses such as performing vigorous exercises and

psychological shock induce autonomic responses. Both the insular cortex

(IC) and the amygdala (AMY) are a part of limbic system and are thought to

be involved in the processing for negative emotion and behavioral selection

in response to aversive events. However, it is not sure whether these brain

areas have separate functions and/or any interactions in cardiovascular

regulation. In this study, we compared the cardiovascular responses

induced by microinjection of bicuculline methiodide (2mM, 0.5 µL), GABAA

receptor antagonist, and electrical stimulation of IC and AMY in urethane-

anesthetized rats. Disinhibition of AMY induced robust increase of arterial

pressure (AP change from baseline, 23.9 ± 8.5 mmHg, n = 5) and heart rate

(HR change from baseline, 79.7 ± 28.5 bpm). On the other hand,

microstimulation of IC (1.8 mm posterior to bregma) evoked AP decrease (-

9.13 ± 3.83 mmHg; n = 5) but no effect on HR (-9.77 ± 12.03 bpm). In

addition, to examine whether these areas have direct projections to the

nucleus tractus solitarius (nTS) known as a center for cardiovascular

control, a retrograde tracer Fluorogold (50 nL) was injected into the nTS.

Based on these physiological and anatomical data, we will discuss about the

functional differences between IC and AMY on cardiovascular regulation.

(COI:No)
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During dental treatment, an accidental nerve injury in the orofacial area

can create complications for patients and doctors, yet the molecular

mechanism of nerve regeneration is largely unknown. Cadherin, which

plays a critical role in axonal targeting and synapse formation, is thought to

be candidates for nerve regeneration-related molecules. We evaluated the

functional regeneration of the injured axons measuring the reflex threshold

to mechanical stimulation of the lower lip and mechanical stimuli-

dependent ERK activation in the trigeminal subnucleus caudalis (Vc)

neurons. In addition, we examined the expression patterns of E-cadherin in

Vc and trigeminal ganglion (TG) after inferior alveolar nerve transection

(IANX) immunohistochemically. After axotomy, the hypoalgesia to

mechanical stimulation persisted until 7 d, and on 14 d was recovered.

However, until 28 d of observation the mechanical threshold in IANX group

was not recovered completely. The mechanical stimulation resulted in ERK

phosphorylation in a subset of Vc neurons on 14 d IANX. E-cadherin

immunoreactivities (IR) were observed in the IB4-positive layer of Vc and

the pericellular membranes of some TG neurons. Fourteen days after IANX,

the E-cadherin-IR were significantly decreased in Vc and TG. Our results

suggest that the E-cadherin expression contributes to the functional

regeneration of damaged TG neurons. The authors declare that this study

has no conflicts of interest associated with this presentation. (COI:Properly

Declared)
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We focused on N-glycosylation of the AMPA receptor in the extracellular

domain and tried to clarify their functions by combining molecular

biological and electrophysiological techniques. In the last meeting, we

presented that 401 asparagine residues (N401), putative N-glycosylation

site, in GluA1 subunit might be a responsive site for drastic changes of

glutamate responses of AMPA receptor from desensitization to re-

sensitization, and that LTP induction of hippocampal slices prepared from

N401Q GluA1-expressing lentivirus vector-injected GluA1 KO mice was

impossible to maintain its potentiation. In the present study, we tried to

clarify molecular mechanisms underlying the defect of LTP maintenance in

N401Q GluA1 mutant. In N401Q GluA1-expressing HEK cells, pre-

application of glutamate evoked the following glutamate response, which

was non-inactivating response, unlike in wild-type GluA1. Based on this

finding, we speculated that the re-sensitization consisted of at least two

components, fast- and non-inactivating glutamate response. In addition,

biochemical analyses demonstrated that the majority of GluA1 subunits in

N401Q GluA1 were trapped into membrane lipid raft domains. Treatment

of N401Q GluA1 with MCD, which disrupts the lipid raft, reverted the re-

sensitization to the desensitization. These results suggested that GluA1-

composing AMPA receptor in the lipid raft generated non-inactivating

glutamate response. (COI:No)
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The prefrontal cortex (PFC) is a pivotal brain region for executive cognitive

functions. The PFC is extremely plastic and responds to a wide range of

inputs, such as sensory inputs, learning tasks, and motor experience.

Impairments in cognitive functions are observed in developmental

neuropsychiatric disorders, such as schizophrenia and autism spectrum

disorders. Alterations in parvalbumin interneurons (PV neurons) and

perineuronal nets (PNNs) within the PFC have been implicated in these

disorders. However, it remains unclear when PNNs in the PFC appear.

Here, we observed the starting period of PNN appearance in the mouse

PFC, using lectin histochemistry with Wisteria floribunda agglutinin

(WFA). Here we show a region-specific increase in PV neurons and WFA-

positive PNNs during postnatal development. Weaker WFA

immunoreactivity was observed in the PFC when compared with the

surrounding cortex. We observed a significant increase in the density of

WFA-positive PNNs between postnatal day 14 (P14) and P28 in the PFC.

Furthermore, in the mature PFC, WFA-positive PNNs are not lattice-like

but rather granular-like structures and do not have the major components

of PNNs and tenascin-R. These results suggest that PNNs have structural

vulnerability within the PFC. (COI:No)
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Perineuronal nets (PNNs), composed mainly of chondroitin sulfate

proteoglycans (CSPGs), are the extracellular matrix that surrounds cell

bodies, proximal dendrites, and axon initial segments of adult CNS

neurons. PNNs are known to regulate neuronal plasticity, although their

physiological roles in cerebellar functions have yet to be elucidated. We first

examined roles of PNNs in regulating GABAergic synaptic transmission of

Purkinje cells (PCs) onto the deep cerebellar nuclei (DCN) glutamatergic

neurons. We depleted CSPGs in acute mouse cerebellar slices by incubating

with chondroitinase ABC (chABC), and recorded IPSCs from DCN neurons.

Depletion of CSPGs increased the amplitude of evoked IPSCs and reduced

the paired-pulse ratio. ChABC-treatment also facilitated spontaneous

IPSCs and increased the miniature IPSC frequency without changing the

amplitude, suggesting that deletion of CSPGs in the DCN enhances GABA

release from presynaptic terminals of PCs. Furthermore, we tested delay

eyeblink conditioning in mice which received chABC injection into

interpositus nuclei. The averaged percentage of the acquired conditioned

response of these mice increased up to 70% on day 10. The value was higher

than that for control mice. Therefore, PNNs of the DCN suppress

GABAergic synaptic transmission and could restrict cerebellar motor

learning. (COI:No)
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GABA is a major inhibitory neurotransmitter in the adult mammalian

CNS. Glutamate decarboxylase (GAD) is the rate-limiting enzyme that

catalyzes the production of GABA from glutamate. The two isoforms GAD65

and GAD67 are encoded by separate genes. They are distinguished by their

molecular masses, their cofactor interactions and their subcellular

distributions. It has been reported that GAD65 knockout mice showed an

increase in susceptibility to seizures and approximately 25% of the

knockout mice died till 6 months of age. On the other hand, GAD67

knockout mice were shown to die of cleft palate. However, the size of the

mouse is a potential limitation for some types of physiological monitoring,

behavioral testing, brain mapping and repeated blood sampling. To

overcome the problem, we generated GAD65 knockout rats using TALEN

genome editing. Western blot analysis demonstrated that GAD65 protein

was not detected in the homozygous GAD65 knockout brain. Homozygous

GAD65 knockout pups began to exhibit spontaneous seizures during the

third postnatal week. Seizures consisting of wild running, jumping and

clonic convulsion were observed. More than 80% of homozygous GAD65

knockout rats died until postnatal day 23, while no heterozygous or wild-

type littermates died at this age. The different severity in phenotypes

between GAD65 knockout rats and mice will be discussed. (COI:No)
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Neurogenesis in the subgranular zone (SGZ) participates in memory

formation. Several types of DNA damage including modifications to DNA

bases that arise from oxidative stress are a major threat for the genome

stability of neuroprogenitor cells. This type damage is mostly repaired by

base excision repair (BER). DNA glycosylase participates in the first step of

BER. We are interested to functionally characterize importance of

Endonuclease VIII-like 1 (NEIL1), one kind of DNA glycosylase in the

central nervous system. NEIL1 deficient mice displayed abnormalities in

proliferation during adult neurogenesis. We hypothesized that NEIL 1 is

important in neurogenesis using in vitro neurospheres culture and in vivo

seizure mice model. We assessed proliferation using neural progenitor cells

derived from embryonic and adult mice hippocampus. Our preliminary data

showed that neuroprogenitor cells from NEIL1 deficient embryonic mice

have lower proliferation rate and are more sensitive to oxidative stress. In

addition, for proliferation rate of adult neurogenesis, NEIL1 deficient mice

had less new born neurons and more aberrant neurogenesis in the kainic

acid induced seizure. Next we will investigate the underlying mechanism in

which NEIL 1 regulates neurogenesis physiologically and pathologically.

(COI:No)
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Two syntaxin 1 (STX1) isoforms, HPC-1/STX1A and STX1B, are

coexpressed in neurons and function as neuronal target membrane (t)-

SNAREs. However, little is known about their functional differences in

synaptic transmission. STX1A null mutant mice develop normally and do

not show abnormalities in fast synaptic transmission, but monoaminergic

transmissions are impaired (Fujiwara et al. J Neurosci, 2006). We

previously reported that STX1B is primarily involved in the regulation of

different types of fast synaptic vesicle exocytosis, including spontaneous

and evoked release of glutamatergic and GABAergic synaptic transmission

(Mishima et al. PloS one, 2014). Recently, mutations in the STX1B gene

have been shown to cause a broad spectrum of fever-associated epilepsy

syndromes. In the present study, in order to examine involvement of STX1B

in pathogenesis of fever-associated epilepsy syndromes, we assessed for

susceptibility to seizures induced by systemic administration of PTZ or

kainic acid in STX1B gene-ablated mice. We found that STX1B

heterozygote mice showed increased susceptibility to the drugs. PTZ-

induced seizures were blocked by anti-convulsant drug VPA and Phenytoin.

We also examined the effect of acute high temperature to presynaptic

properties of glutamatergic and GABAergic synapses on the cultured

hippocampal neurons in STX1B heterozygote mice. Implication of STX1B in

fever-associated epilepsy syndromes will be discussed. (COI:No)
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GABA acts as the major inhibitory neurotransmitter in the mammalian

brain, shaping neuronal and circuit activity. For sustained synaptic

transmission, synaptic vesicles (SVs) are required to be recycled and refilled

with neurotransmitters using an H+ electrochemical gradient. However,

neither the mechanism underlying vesicular GABA uptake nor the kinetics

of GABA loading in living neurons has been fully elucidated. To

characterize the process of GABA uptake into SVs in functional synapses,

we monitored luminal pH of GABAergic SVs, separately from excitatory

glutamatergic SVs, in cultured hippocampal neurons. By using a pH sensor

optimal for the SV lumen, we found that GABAergic SVs exhibited an

unexpectedly higher resting pH (~6.4) than glutamatergic SVs (pH ~5.8).

Moreover, unlike glutamatergic SVs, GABAergic SVs displayed unique pH

dynamics after endocytosis that involved initial over-acidification and

subsequent alkalization that restored their resting pH. GABAergic SVs that

lacked the vesicular GABA transporter (VGAT) did not show the pH

overshoot and acidified further to ~6.0. Comparison of luminal pH dynamics

in the presence or absence of VGAT demonstrated that VGAT operates as a

GABA/H+ exchanger, which is continuously required to offset GABA

leakage. Furthermore, the kinetics of GABA transport was slower than that

of glutamate uptake and may exceed the time required for reuse of

exocytosed SVs. (COI:No)
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Variance analysis of postsynaptic current amplitudes suggests the presence

of distinct docking sites (also called release sites) where vesicles pause

before exocytosis. Docked vesicles participate in the readily releasable pool

(RRP), but the relation between docking site number and RRP size remains

unclear. It is also unclear whether all vesicles of the RRP are equally

release competent, and what cellular mechanisms underlie RRP renewal.

We address here these questions at single glutamatergic synapses, counting

released vesicles using a new developed method based on deconvolution

analysis. Vesicular release counts at simple synapses follow binomial

statistics with a maximum that varies from 2 to 10 among experiments.

This maximum presumably reflects the number of docking sites at a given

synapse. We find a remarkably low variance of cumulative vesicle counts

during action potential trains. This, combined with Monte Carlo

simulations, indicates that vesicles transit through 2 successive states

before exocytosis, so that the RRP is up to 2-fold higher than the docking

site number. The transition to the second state has a very rapid rate

constant, and is specifically inhibited by latrunculin B and blebbistatin,

suggesting the involvement of actin and myosin. (COI:No)
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In isolated vesicle preparations, glutamate leaks out of synaptic vesicles

when trans-vesicular proton gradient is dissipated. However, it is

controversial whether glutamate can leak out of vesicles in the nerve

terminal. To address this issue, we abolished vesicular glutamate uptake by

washing out presynaptic cytosolic glutamate in whole-cell dialysis, or by

blocking vacuolar ATPase using bafilomycin A1, at the calyx of Held in mice

brainstem slices, and measured the mean amplitude of miniature (m)

EPSCs and evoked (e)EPSCs with a minimal number of stimulation (once/

10min). After glutamate washout, amplitudes of eEPSCs and frequencies of

mEPSCs decreased, whereas mEPSC amplitude underwent a less

significant decline with a tendency to reach a plateau. Exocytic membrane

capacitance of calyceal presynaptic terminals remained unchanged during

glutamate washout. We conclude that glutamate can leak out of vesicles

unless it is continuously taken up from presynaptic cytosol. However, the

magnitude of glutamate leakage was small and had only a minor effect on

synaptic responses. By contrast, prominent rundowns of EPSC amplitude

and mEPSC frequency observed after glutamate washout or Baf application

are likely caused by accumulation of unfilled vesicles retrieved after

spontaneous and evoked glutamate release in presynaptic terminals. (COI:

No)
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Presynaptic nerve terminals must maintain stable neurotransmission

despite encountering wide fluctuations in the number and frequency of

incoming action potentials (APs). We have demonstrated that three

isoforms of dynamin, an essential endocytic protein, work individually to

match vesicle reuse pathways, having distinct rate and time constant with

physiological AP frequencies in the presynaptic superior cervical ganglion

(SCG) neurons. However, the molecular mechanism underlying the

relationship of dynamin isoforms and sensing neural activity remains to be

elucidated. Thus, we examined a role of synaptotagmin, as a candidate of

Ca2+ sensor molecule in the fast endocytosis. Synaptotagmin-1 or -2

expressed in SCG neurons was acutely knocked down by microinjection of

the specific siRNA. Two days later, after depletion of synaptic vesicles in the

readily releasable pool by a train of 4-min APs at 5 Hz, the refilling rate

monitored by measuring the EPSP amplitude every 1 s was delayed with

synaptotagmin-1 or -2 knocked down synapse. These results suggest that,

in sympathetic neurons, synaptotagmin-1 and -2 mediate to drive synaptic

vesicle recycling by sensing Ca2+ increase accompanying neural activity.

(COI:No)
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Dopamine (DA) acts at somatodendritic D2 autoreceptors to regulate DA

neuron firing patterns that govern DA release throughout the brain,

including somatodendritic, as well as axonal release. The primary source

and mechanism of somatodendritic DA release remain controversial,

however. We have shown that DA neurons in the substantia nigra compacta

(SNc) express the SNARE protein SNAP-25, but that other aspects of the

molecular organization for somatodendritic DA release differ substantially

from those for conventional synaptic release (Witkovsky et al, 2009). We

hypothesized that D2 receptors on a given DA neuron would be activated

primarily by DA released from that same cell, literally autoregulation, via

exocytosis. We tested this using voltage-clamp recording of SNc DA neurons

in acute midbrain slices to detect D2 DA-dependent inhibitory currents

(D2ICs), mediated by D2 receptor activated GIRK channels, as an index of

somatodendritic DA release. Consistent with our hypothesis, D2ICs evoked

by local electrical stimulation were nearly abolished when botulinum

neurotoxin-A (BoNT/A), which cleaves SNAP-25, was included in the

recording pipette. Evoked D2ICs were also attenuated when antibodies to

specific voltage-dependent Na+ channel subunits were included in the

pipette. Together, these data support our hypothesis that the primary

source of DA for SNc neuron autoregulation is the cell that released it, and

that the mechanism of release is exocytotic via SNARE proteins. (COI:No)
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To investigate the mechanism of stimulation induced enhancement of

transmitter release, we analyzed a type of short-term synaptic plasticity,

facilitation, quantitatively using several mathematical models having

various relationships among components of facilitation. Frog

neuromuscular junction was used as synapse preparation. Endplate

currents (EPCs) were recorded extracellularly with a surface glass

microelectrode in a low Ca2+ high Mg2+ Ringer’s solution (0.45-0.60 mM

Ca2+, 5 mM Mg2+) and their amplitudes were analyzed. Facilitation was

induced by tetanus, 8 stimuli at 100 Hz, and its decay process was

monitored as enhanced EPCs induced by single test stimuli with various

intervals after the tetanus. In the double tetanus procedure, facilitation was

induced by two tetanus with an interval of 200 msec, the time fast

component fully decays however slow component still remains. According to

the mathematical model described by Zengel and Magleby (J.Gen.Physiol.,

1982): constant increments are added to each component instantaneously

by each stimulus and each component decays independently with its fixed

time constant, both rising (during tetanus) and decaying processes of EPCs

were quantitatively analyzed with two or three components of facilitation.

Simple additive relationship model which was able to fit well decaying

process of EPCs failed to reproduce the rising process of EPCs during

tetanus. (COI:No)
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Calsyntenins are members of the cadherin superfamily and are expressed

in the central nervous system. Several reports suggest their functions in

synapse formation, axonal transport and memory formation, but much

remains unknown about the roles of these proteins, especially at the

organismal level. Mammalian calsyntenins are coded for by three

homologous genes which are likely to have functional redundancies. To

reveal their functions, we generated triple knockout(TKO) mice by using

the CRISPR/Cas9 system. We are currently trying to characterize the

phenotypes of these TKO mice via histological and electrophysiological

analyses, and the results will be reported. (COI:No)
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In many neurons, action potentials are usually generated at the axon initial

segments (AIS) or at the proximal part of the axons in the physiological

conditions. However, it has been suggested that ectopic action potentials

might be generated at the distal axons during high frequency network

oscillations or in epileptic conditions, mostly using an indirect

interpretation of the electrophysiological data recorded from the soma. In

this study, it was attempted to test whether ectopic action potentials can be

generated at the distal axons independent from the physiological initiation

sites of action potentials, namely AIS or the proximal axons. For this

purpose, axonal spikes were directly monitored from the single mossy fiber

boutons in mouse hippocampal slices, and focal application of solutions

containing elevated concentrations of potassium chloride was applied to the

stratum lucidum in the CA3 region, where distal portions of mossy fiber

axons exist. In this recording configuration, few spontaneous discharges of

action potentials were recorded from the mossy fiber boutons in the resting

conditions. Focal application of low concentration of potassium chrolide (e.g.

addition of 4 mM) elicited appearance of bursts of action potentials in most

recordings. This finding suggests that the excitability of the distal portions

of mossy fibers is steeply regulated by slight changes in the local

microenvironment, and mild depolarization of the distal axons is sufficient

to generate ectopic action potentials independent from the physiological

initiation sites. (COI:No)
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It is a difficult task to investigate the neural circuit in hippocampus because

of the complexity and inaccessibility. Recently, the multi-electrode array

(MEA) system has been adapted to deal with the hippocampal neural

circuit. With this tool, we have been investigated the spatiotemporal signal

propagations in hippocampus. Preparation of organotypic hippocampal slice

culture and MEA (multielectrode array; MCS GmbH, Germany)

preparation was followed the user guide. Continuous single pulses (biphasic

±100µA for 100µs and 300ms interval) were applied to a selected position

channel for about 4 minutes (STG1004; MCS GmbH) and the responses

were recorded in other 59 channels using Recorder-Rack software (MCS

GmbH). Multisynaptic signal propagation was investigated with a ‘high

divalent (hi-di)’ containing saline whilst carbachol and glutaminergic

chemicals were treated to test the target mechanism. Analysis of data was

carried out by a histogram and pseudocolour imaging which were developed

in our lab. The ‘hi-di’ treatment caused a dramatic reduction of signal

propagation whilst carbachol treatment caused a remarkable increase of it.

CNQX (a NMDA receptor antagonist) and AP-3 (an AMPA/kainate receptor

antagonist) treatment caused their own characteristic spatiotemporal

changes. The physiological role of this propagation was not yet clear but it

might be some influence to the neural plasticity. (COI:No)
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Tenia Tecta is a part of olfactory cortex that receives direct inputs from

mitral and tufted cells in the olfactory bulb. However, the functional role of

Tenia Tecta is little known. We recorded neuronal activities of the Tenia

Tecta neurons when mice performed an odor-induced food-seeking and

eating task by chronically implanted tetrodes. In the task, mice were

presented sugar on a dish with one of some odors. When the dish were

presented, mice approached it and showed eating behavior. One of the odors

was associated with aversion by intraperitoneal administration of the

lithium chloride. In the case of the odor, mice rejected eating and leaved the

dish. When mice were presented odors associated with sugar, many Tenia

Tecta neurons showed increased or decreased activities just before eating

behavior and the increased or decreased activities lasted until the mice

stopped eating. We called these neurons “eating neurons”. Eating neurons

didn’t show any changes in activity when mice were presented the learned

aversive odor. Eating neurons were active prior to and during eating

behavior regardless of the type of presented odor. These results suggest that

eating neurons in the Tenia Tecta play an important role in the neural

circuit for odor-induced eating behavior. (COI:No)
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Cholinergic systems play important roles for memory acquisition in

mammalian olfaction and regulation of synchronous oscillatory activity in

the brain laminar structure. Synchronous oscillatory activity in a laminar

structure is common in the olfactory system of both vertebrates and

invertebrates. In the terrestrial slugs, periodic oscillation is recorded from

the surface of the laminar structure of procerebrum (PC) and its frequency

changes are suggested to encode the olfactory information and memory.

Acetylcholine are known to change the oscillatory frequency in the PC, and

are the candidates of the neurotransmitters or neuromodulators that are

involved in such higher cognitive functions. We recently found that

oscillatory neuronal network was formed from dispersed cell culture of PC

neurons. In the present study, we thus examined what role cholinergic

system plays in synchronized oscillatory network of cultured PC neurons.

First, increases in neurite arborization and neurite connection were

observed after a week in culture. Second, in calcium imaging for the PC

neuron network, nicotine or acetylcholine esterase inhibitor increased the

number of spontaneous calcium transients in PC neurons and induced

synchronous oscillatory activity in the network. These results may suggest

that cholinergic systems can function as a major transmitter in cultured PC

neuron network, and furthermore, they play an essential role for

synchronous oscillation in the olfactory neuron network. (COI:No)
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Preterm infants have immature brain, characterized by the vulnerability of

oligodendrocyte progenitor cells to hypoxia-ischemia (H-I). Perinatal H-I

causes developmental white matter injury (DWMI), causing

neurodevelopmental disorder, including cerebral palsy; the mechanism and

the treatment are yet to be elucidated. We previously established DWMI

model having minor motor deficits, especially in the hindlimb and motor

coordination. In this study, we soak the mechanism inducing the deficit

focusing on sensorimotor cortex. Right common carotid artery cauterization

was treated to male Wistar rat at postnatal day 3 (P3) followed by exposing

to 6% oxygen for 1 hour. The cortical responsiveness by intracortical

microstimulation (ICMS) changed; the hip joint contracting area was

shrunk while the trunk contracting area was enlarged in the adulthood. In

the motor cortex at the adulthood, H-I side tended to show dense, but small

dendrite expansion in the layer II/III. Younger rat after weaning, however,

showed no apparent change by the ICMS and preliminary Golgi staining.

These data suggest that P3 H-I caused the alteration of the dendrite

development; this change persisted to the weaning period and it affected the

cortical function and motor performance. Further investigation will be

needed to elucidate molecular mechanism of the morphological change.

(COI:No)
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Subcerebral projection neurons (SCPNs) are a major subtype of excitatory

neurons in neocortical layer 5, which project axons to subcortical targets

including the pons, superior colliculus and spinal cord. Our recent study

revealed that SCPNs form periodic columnar clusters termed microcolumns

and SCPNs in the same microcolumns shows correlated activities in vivo.

These observations suggest that the microcolumns behave as functional

units in layer 5. Callosal projection neurons (CPNs) and inhibitory neurons

(INs) also exist in layer 5 and construct local neuronal circuits with SCPNs.

It has been unknown, however, whether CPNs and INs have orderly cell

configuration and show correlated activities similarly to SCPNs. We

conducted three-dimensional analysis of the cell configuration and in vivo

calcium imaging of these cell types. Each neuron type was specifically

labeled using retrograde tracers or transgenic mice expressing marker

proteins. After clearing of the fixed brain, large areas of the cortex were

imaged by two-photon microscopy. SCPNs showed thin columnar structures

in all cortical areas. CPNs also showed columnar structures and were

excluded from the SCPN microcolumns. INs were sparse and didn’t show

specific configuration patterns themselves. These results revealed cell type

specificity of the microcolumn organization. We are performing Ca2+

imaging to investigate in vivo responses to visual inputs. These analyses of

the cell type specificity in the organization and neuronal activities would

contribute to the understanding of the computational architecture of the

cortical circuits. (COI:No)
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Spatiotemporally patterned inputs in the primary somatosensory cortex

layer IV are integrated to generate complex sense of form, size, movement

or texture. To understand the activity of the mesoscopic circuitry during the

integration and modification of the primary inputs in vivo, we developed an

all-optical system which enables one to image Ca2+ signals from multiple

neurons distributed across layers and to apply patterned stimulation to

arbitrary area in the imaging plane optogenetically. To make this system,

we solved the following three issues. First, we compelled to express

(channelrhodopsin) ChR and Ca2+ sensor in somatosensory cortex using

AAV. Second, the neurons should be imaged in vivo through multiple

layers. The neurons were visualized across the layers using a microprism

under two-photon microscopy. Third, the ChR-expressing neurons should be

illuminated with a certain spatiotemporal pattern. We fabricated new

optical system which focuses a patterned signal of light on the imaging

plane through objective lens. The results suggested that some neurons in

the cortex have preferences to specific spatiotemporal patterns. All animal

experiments were approved by the Tohoku University Committee for

Animal Experiments. (COI:No)
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The brain functions are determined by the neural network in which neurons

are interconnected each other at their synapses. The structural and

physiological changes of a neuron, such as those in dendrites and synapse,

should be under regulations of various intracellular signals such as Ca2+.

However, the Ca2+ signal generated by the release from intracellular Ca2+

store has not been differentiated from that from the extracellular space.

Here, we established a method to manipulate the internal Ca2+ dynamics in

neurons in a manner dependent on light by targeting light sensitive cation

channels (Channelrhodopsin, ChRs) to the endoplasmic reticulum (ER). The

fluorometric Ca2+ increase was not affected by the Ca2+ removal from the

outside of the neuron, but diminished by the repetitive light stimulation in

the presence of thapsigargin and bafilomycin A1. This technique would be

applied in future to examine the hypothesis that the Ca2+ release from the

ER should be involved in the synaptic and dendritic plasticity. (COI:No)
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Phase-locked synchronization between the hippocampus and cerebral cortex

has been reported during working memory task and spatial navigation.

However, the spatio-temporal dynamics of the hippocampus and wide

cortical areas is largely unknown. Owing to the large volume conductance,

surface EEG recording cannot precisely identify the location of activity

source. Our transgenic mouse line (G7NG817), which expresses the calcium

indicator G-CaMP7 in astrocytes and the majority of excitatory neurons in

the cortex, enables us to observe the temporal dynamics of cortical calcium

in 30Hz-100Hz transcranially. Utilizing this mouse line as an experimental

tool, we performed simultaneous recording of hippocampal EEGs and

imaging of cortical calcium activities. We found that the cortical calcium

dynamics was closely correlated to hippocampal EEG status. Calcium

activities observed during theta and non-theta states showed distinct

spatial and temporal patterns. Cortical calcium level is higher in wide areas

of the cortex during the theta state, and the temporal calcium fluctuation is

relatively mild. During non-theta states, basal calcium level is lower, but

larger cortical calcium elevations that spread over cortical areas co-occurred

with hippocampal ripple oscillations. The cortical calcium transients were

observed in various cortical areas, and co-occurred with ripples showed

distinct spatial patterns to each other event of the ripples. The finding

implies a rapid and dynamical switching of synchronized activities between

the cortex and hippocampus during non-theta states. (COI:No)
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The activity of hippocampal cell assemblies is considered to be a neural

substrate for “the cognitive map”. The hippocampal place cell increases the

firing while animals are traversing a particular location in an environment.

There have been few studies reporting spatial responsiveness of

hippocampal neurons in freely moving monkeys, while cumulative views on

place cells have been revealed by studies using freely moving rodents. In the

present study, we recorded, using a movable tetrode, the activity of

hippocampal neurons in a macaque monkey performing a shuttle-

movement task under freely moving condition (the monkey was required to

shuttle on a linear track for food rewards delivered from pellet dispensers

set at both ends of the track), and investigated their spatial responsiveness

and firing periodicity. As results, we found some hippocampal neurons

increased activity depending on the animal’s location on the track (place

cells), although the spike autocorrelogram of these neurons showed no

periodicity in low frequency (theta and delta) ranges. The presence of place

cells in the monkey hippocampus provides strong evidence that the

primates also have a similar cognitive map mechanism to that of the

rodents; the absence of the rhythmic slow activity (theta wave), which is

recognized as the encoding carrier of spatial information in rodent

hippocampus, indicates that the primate hippocampus has a different

information encoding protocol than rodents. (COI:No)
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Recent studies suggest that anterior cingulate cortex (ACC) has an

important role on emotional and motivational aspects of pain. However,

how the detail neuronal mechanism of this pain processing is not fully

understood. We have previously indicated using in vivo extracellular and

patch-clamp recordings that cutaneous mechanical pressure elicited the

bursts of up-states in ACC neurons, and the up- and down-state membrane

potentials of ACC neurons were strongly affected by the anesthetic depth.

In this study, we further developed an in vivo extracellular recording from

ACC neurons in awake rats, and studied sensory ACC neuronal responses.

Rats were deeply anesthetized with isoflurane, and a small hole was opened

in the skull to insert extracellular recording electrodes from the surface of

the brain according to the stereotaxic coordinates, and then a recording

chamber was mounted on the skull with dental cement. The chamber on the

head was fixed in a stereotaxic apparatus, and the animals were carefully

habituated to the head-fixation. We successfully recorded spontaneous

neuronal activities and sensory responses in the ACC under the awake

condition. The present and our previous results including ACC activity

under an anesthetic condition suggest that a subgroup of ACC neurons

respond to mechanical pressure by eliciting the burst of up-states. This may

have an important role on the emotional or motivational ACC functions.

(COI:No)
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Headache pain is common symptom following mild traumatic brain injury

by a shock wave radiation (SWR). Enhance light sensitivity is common

feature of some chronic headache. Previously, we reported that the blight

light-evoked increases in trigeminal subnucleus caudalis (Vc) neural

activity depended on neurovascular link within the eye. This study used a

rat model to examine the effects of laser-induced shock wave on the Vc

neural activity. The parietal region of male rats was irradiated with laser-

induced shock wave (diameter 3mm, 4J/cm2) under barbiturate anesthesia.

Under isoflurane anesthesia, single cornea/dura responsive neurons were

recorded at the Vc. Hypertonic saline (0.15-5M) and blight light

(irradiance=50, 300, 500 W/m2) selectively activated ocular surface and

intraocular (neurovascular system), respectively. Ten days after SWR, Vc

units had enhanced responses to hypertonic saline and blight light

compared to naive rats. The dural extravasation also was increased in 10

days after SWR. These results indicated that SWR produced a chronic

increase in Vc neural activity and dural extravasation. It is concluded that

SWR produces a chronic state of ocular/cephalic hyperalgesia and

photophobia that is reflected in the properties of cornea or neurovascular

responsive neurons at the Vc. SWR may be a useful model to examine the

effects of selective dura/cortex inflammation on central neural correlates of

headache pain. (COI:No)
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Motor cortex stimuli provide anti-nociceptive effects in chronic pain model

rats by spinal cord inhibition, however, the precise mechanism remains to

be unknown. The purpose of this study is to examine whether the neurons

in the reticular formation (RF) in the medulla oblongata are involved in

cortex-stimuli-induced anti-nociception. We tested the responses of the

neural activity in RF to the motor cortex tetanic stimuli in the chronic pain

model (spared nerve injury (SNI)) rats. Single unit activity of the neurons in

RF was recorded with tungsten microelectrodes under pentobarbital

anesthesia and was classified into 3 groups, ON, OFF, and Neutral cells,

based on the responses to nociceptive pinch stimuli applied to the rat hind

paw. The location of stimulating electrode in cerebral motor cortex was

confirmed by the induction of movements of extremities with the electrical

stimuli and the presence of single unit activity recorded prior to the

electrical stimuli. To confirm synaptic contact between motor cortex neuron

and RF neuron, field potential was also recorded with the same electrode for

single unit activity in the RF. We found that in SNI rats, after motor cortex

tetanic stimuli, OFF cells increased their activity and ON cells decreased

their activity. We also found that field potentials recorded with the unit

activity of ON cells were depressed after motor cortex tetanic stimuli. These

results suggest that motor cortex activation induces spinal cord inhibition

through the RF neurons. (COI:No)
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Clarifying the mechanism underlying hyperalgesia would provide keys to

understand the neuronal process of pain chronification. Mechanical

allodynia is a form of such hyperalgesia often expressed as decreased paw

withdrawal threshold (PWT) to touch stimulation. In 2007, Carrasquillo

and Gereau showed that pharmacological activation of the CeA decreases

PWT. We previously reported that the orofacial inflammatory pain

persistently decreases PWT of both hindpaws in the regions out of

trigeminal innervations (ectopic allodynia). Also we found that the orofacial

inflammatory pain potentiates synaptic transmission in the CeA (Miyazawa

et al., 2015). In this study we examined whether the sustained activation of

the CeA neurons underlies such facial-to-hindlimb ectopic allodynia.

Pharmacological inhibition of the CGRP receptors in the right CeA, but not

that in the left CeA, transiently rescued decreased PWT. Chemogenetic

inhibition of the GABAergic neuron activity in the CeA, using Designer

Receptors Exclusively Activated by Designer Drugs (DREADD) technique,

transiently ameliorated decreased PWT. Taken together, ectopic allodynia

after orofacial inflammation depends on the CeA activities with potent right

side predominance. These results also suggest that PWT, which is the most

common measure of pain studies, does not simply result from the peripheral

and spinal sensitization but rather is a representation of the brain central

sensitization in chronic pain. (COI:No)
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In several animal models chronic stress has been reported to produce

lasting hyperalgesia. The rostral ventromedial medulla (RVM) and locus

coeruleus (LC) play crucial roles in descending pain modulation system. In

the present study we examined the expression of pCREB and delta-FosB

and the acetylation of histone H3 in the RVM and LC after forced swim

stress (FS) and CFA injection to clarify changes in descending pain

modulatory system in a rat model of stress-induced hyperalgesia. FS (day 1,

10min; days 2-3, 20min) showed significant enhancement of CFA-evoked

hyperalgesia and induced a significant increase in the expression of pCREB

and delta-FosB and the acetylation of histone H3 in the RVM, whereas the

FS induced a significant increase only in the acetylation of histone H3 in

the LC. Quantitative image analysis demonstrated that the numbers of

pCREB-, acetylated histone H3- and delta-FosB-IR cells in the RVM were

significantly higher in the FS group than those in the naive group. The CFA

injection after the FS did not affect the FS-induced increases in the

expression of pCREB and delta-FosB and the acetylation of histone H3 in

the RVM even though nullified the increase in the acetylation of histone H3

in the LC. These findings suggest different neuroplasticities between the

RVM and LC after the FS, which may be involved in the enhancement of

CFA-induced hyperalgesia through the activity change of descending pain

modulatory system. (COI:No)
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Melatonin (MLT; N-acetyl-5-methoxytryptamine) exhibits analgesic

properties in somatic pain conditions. Our previous study has linked MLT

to epigenetic mechanisms modifying neuropathic pain. Nevertheless, the

potential contribution of MLT in visceral pain has yet been clarified though

visceral pain is well recognized to share similar characteristics with somatic

pain. Here, we investigated the anti-nociceptive effect of MLT on the

visceral pain caused by colon inflammation by daily intrathecally injecting

MLT to zymosan-induced colitis rats. The electromyograms (EMGs) of

abdominal muscle contractions in response to graded colorectal distension

(CRD) were recorded as an indicator of visceral pain. We observed, at day 4

after intraclonic zymosan instillation, rats showed enhanced EMG

compared to those animals received vehicle instillation. The zymosan-

associated CRD hyperactivity was significantly reversed by daily MLT

injection; an effect can be blocked by pretreated MT2 receptor antagonist.

Collectively, our data reveal MLT has therapeutic benefit in the medical

treatment for visceral pain possibly through spinal MT2 receptors. (COI:

No)
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It has been known that C-type nociceptive [high threshold

mechanosensitive (HTM)] dorsal root ganglion (DRG) neurons are

characterized by a long action potential with a noticeable inflection on the

falling phase (action potential plateau), whereas C-type tactile [low

threshold mechanosensitive (LTM)], and Aβ-type LTM DRG neurons are

characterized by short action potentials. Omega-Conotoxin MVIIA [a

constituent of the cone snail venom, N-type calcium channel blocker (ω-Ctx);

1 µM] reduced the action potential plateau of C-type HTM neurons but had

little effect on the action potential shape of C-type LTM and Aβ-type LTM

neurons. Intradermal injection of ω-Ctx (2 µM) into the receptive field of C-

type HTM neurons blocked the axon reflex produced by the activation of the

neurons in anesthetized rats, suggesting that ω-Ctx inhibited the release of

neuropeptides from the peripheral terminals. These data suggest that the

action potential plateau-induced calcium influx in nociceptive sensory

neurons is required for the release of neuropeptides associated with chronic

pain. (COI:No)
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We have shown that NGF and GDNF are major substances that induce

muscular mechanical hyperalgesia after exercise (delayed onset muscle

soreness, DOMS). In addition we found there is an interaction between

these two neurotrophic factors at the primary afferent level despite of

reports that receptors for NGF and GDNF are expressed in different sets of

primary afferent (DRG) neurons. We examined the mechanism of

interaction in male rats in regard of ion channels involved. Twenty µl of

NGF (low: 0.1 µM or high: 0.8 µM), GDNF (low: 0.008 µM or high: 0.03 µM),

or their mixture was injected into the lateral gastrocnemius muscle (GC)

under isoflurane anesthesia. Mechanical withdrawal threshold of GC was

measured by a Randall-Selitto apparatus. Low NGF (0.1 µM) or GDNF

(0.008 µM) did not induce muscular mechanical hyperalgesia by itself alone,

yet the mixture of them (volume 20 µL) induced it of the same level that was

induce by high NGF or high GDNF. Capsazepine (cpz) 50 µM almost

completely reversed the mechanical hyperalgesia induced by high NGF but

not that induced by high GDNF, whereas amirolide (ami) 50 mM reversed

the hyperalgesia induced by high GDNF but not that induced by high NGF.

In contrast both cpz and ami reversed the hyperalgesia induced by the

mixture of low NGF and low GDNF. These results suggest that interaction

occurs in the same neurons, and that expression of neurotrophine receptors

must be reexamined in the DRG neurons innervating the muscle. (COI:No)
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The bed nucleus of the stria terminalis (BST) plays an important role in

controlling neuroendocrine and behavioral responses. We previously

reported the sex-specific involvement of the lateral subdivision of the BST

(BSTL) in association with pain response. We hypothesized that CRH

neurons located in the BSTL was associated with this sex difference. We

studied the electrophysiological properties of BSTL CRH neurons in male

and female transgenic mice with an improved version of enhanced green

fluorescent protein (EGFP) under the control of the CRH promoter (CRF-

Venus ΔNeo). We firstly determined approximately 95% of EGFP-positive

cells were also positive for CRH mRNA revealed by in situ hybridization

regardless of sex. Whole-cell patch-clamp recordings with fluorescent

microscopy were therefore performed to analyze miniature excitatory

postsynaptic currents (mEPSC) in CRH neurons in the BSTL slices

prepared from CRF-Venus ΔNeo mice. During the formalin test, the voltage

clamp analysis showed that the frequency of mEPSC in the male mouse was

not changed by formalin injection (n=6), compared with the saline injection

(n=3). However, the frequency seemed to be increased by formalin in the

female mouse (saline n=4, formalin n=5). The mean amplitude was not

changed regardless of injection or sex. The present sudy suggests that the

sex difference in pain responses is mediated by CRH neurons in the BSTL.

(COI:No)
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The aim of this study was to assess the effects of repeated and acute

psychophysical stress on nociceptive neural activity indicated by Fos

expression at the trigeminal caudalis (Vc) region induced masseter muscle

(MM) injury with formalin injection in male rats. MM-evoked Fos positive

neurons were quantified at the middle (mid) Vc and Vc/C2 regions after

repeated (10 min/day x 3d) forced swim treatment (FST) and acute FST (10

min/day x 1 day just before MM injury) compared to non-FST (sham) rats.

In sham rats, Fos positive neurons were mainly seen at superficial laminae

of the mid Vc and Vc/C2 regions with the ipsilateral predominance in

intensity dependent manner. Repeated FST had facilitatory roles on Fos

response in laminae I-II at the mid-Vc and Vc/C2 regions bilaterally by the

unilateral MM injection compared to sham rats. A small but significant

increase in Fos expression was seen in lamina V at both regions after

repeated FST. Acute FST had inhibitory effects on Fos responses in those

areas compared to sham rats. These results indicated that basis for the

facilitation and reduction of MM nociception under repeated and acute

forced swim conditions respectively could be explained by increased and

decreased neural activity in the Vc region. (COI:No)
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A large majority of neurons in the superficial layer of the dorsal horn

projects to the lateral parabrachial nucleus (LPB). The LPB is also known

as the system of inspiratory-expiratory phase switching. We studied the

pain-respiratory reflex system using the brainstem-spinal cord preparation

intact forelimb (including C8 level) isolated from postnatal 0-4 days-rats.

Unilateral forelimb was used as a sensor of peripheral pain, and

spontaneous activity was recorded from C4 ventral root as inspiration. We

examined the responses of C4 activity when a small amount of 2% capsaicin

was injected into forelimb as a noxious stimulation. The inspiratory activity

increased significantly with noxious stimulation in the preparation with

pons, but removal of pons had no effects. Moreover, we realized the

responded area in the LPB to the dorsal root stimulation using voltage-

sensitive dye. Then, we recorded neurons from the responded area in the

LPB by optical imaging. The firing patterns of the LPB neurons were also

examined by patch-clamp method. Inspiratory neuron and spontaneous

firing (SF) neurons were recorded in the LPB. SF neurons received

excitation by dorsal root stimulation. These results suggested that 1) the

LPB received peripheral noxious information, 2) the increase of respiratory

rate induced by nociception might be caused by an active inspiratory-

expiratory phased switching system via the LPB, and 3) SF neurons

receiving excitation from dorsal root stimulation would mediate pain-

respiratory internal coupling in neonatal rat. (COI:No)
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Neuropathy is a major diabetic complication, but the molecule mechanism

has been largely unknown. Recently, genetic variations in CDKAL1 gene

have been associated with the development of type 2 diabetes. CDKAL1 is a

methylthiotransferase that catalyzes 2-methylthio (ms2) modification of the

adenosine at position 37 of tRNALys(UUU). The ms2 modification is

important for accurate decoding of Lys codon in Proinsulin, and thus

contributes to the glucose metabolism. In addition to Proinsulin, Lys is also

critical for the processing of various neurotropic factors. Because

dysregulation of neurotropic factors has been implicated in the development

of neuropathy, we hypothesized that the deficiency of ms2 modification

might cause aberrant translation of neurotropic factors, which induces the

development of neuropathy. To test this hypothesis, we investigated the

sensory functions of peripheral nerves in Cdkal1-knockout mice. (COI:No)
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Sleep following motor skill learning has known to enhance motor skill

learning off-line in both human and animals. In this study, we trained rats

in skilled reaching, and measured sleep EEG in delta band after the task.

At first, we focused on the delta wave observed in NREM sleep. We found

that significant increment of the delta wave in the trained side relative to

the untrained side of motor cortex was observed for 180 min just after the

task. Next, we developed automated partial sleep deprivation apparatus for

rats in order to investigate the effect of sleep deprivation on the increment

of the delta wave. This apparatus could decrease NREM sleep and

eliminated REM sleep. The partial sleep deprivation for 180 min after the

training was found to extend the interhemispheric asymmetry of delta wave

power observed in NREM sleep after the task. These suggest that skilled

reaching task leads to interhemispheric delta wave asymmetry and the

sleep contributes to recovery of the EEG asymmetry. (COI:No)
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Recently, many researchers are interested in the relationship between sleep

and synaptic plasticity, and hypothesize that the synaptic connection

becomes stronger during wakefulness and weaker during sleep. In this

study, we performed in vitro experiments in order to confirm the hypothesis

at the synapse level. Adolescent rats were placed in a rectangular cage in a

sound-attenuated room with a 12:12-h light-dark cycle (light, 8 A.M. - 8

P.M.). The experimental animals were divided into 8 AM Group (they were

sacrificed at 8 A.M.) and 10 AM Control Group (they were sacrificed at

10:00 A.M after 2 h of spontaneous sleep. ) and 10 AM SD Group (they were

sacrificed at 10:00 A.M after 2 h of sleep deprivation (SD)). Whole-cell

patch-clamp recordings were made from CA1 pyramidal neurons of

hippocampus in acute slices. Trafficking of Ca-permeable AMPA (CP-

AMPA) receptors are known to associate with synaptic potentiation. In this

study, sensitivity to CP-AMPA receptor antagonist (Philanthotoxin 74:

PhTx-74) of the underlying AMPA receptor’s EPSCs were assessed. PhTx-

74 caused a significant reduction of AMPA receptor EPSC amplitudes in 8

AM and 10 AM SD Groups, and did not have any significant effect on the

EPSC amplitude in 10 AM Control Groups. These results indicate that CP-

AMPA receptors are inserted into the synapse during wakefulness and

suggest that synapses become widely potentiated during wakefulness. (COI:

No)
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Melanin-concentrating hormone (MCH)-producing neurons project widely

throughout the brain from the lateral hypothalamic area. Previously, we

reported that optogenetic activation of MCH neurons increased time spent

in rapid eye movement sleep by three-fold in mice (Tsunematsu et al., J

Neurosci. 2014). Additionally, here we found a dense innervation in the

hippocampus by MCH neurons. These facts suggest a role of MCH neurons

in the regulation of memory formation. To reveal this, we specifically

ablated MCH neurons in mice by timing-control expression of diphtheria

toxin A fragment and subjected them to object recognition, contextual fear

conditioning and Morris water maze test. MCH neuron-ablated mice

showed increased memory performances in all those tests compare with

MCH neurons intact control mice. Conversely, pharmacogenetics activation

of MCH neurons decreased memory performances compare with control.

Moreover, in vivo optogenetic activation of MCH neurons revealed that the

mice showed poor memory compare with control when MCH neurons were

activated during retention test periods. However, no changes in memory

performance were found when MCH neurons were activated during

encoding or retrieval test periods. Along with the known role of MCH

neurons in sleep/wakefulness cycle, our study suggests that MCH neurons

play an important role in the regulation of memory formation during sleep.

(COI:No)
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Sleep and wakefulness are governed by several neuromodulators in the

brain, of which the interaction of orexinergic and noradrenergic systems

plays a pivotal role in the maintenance of wakefulness. Orexin neurons

provide a direct excitatory signal to noradrenergic neurons in the locus

coeruleus (LC-NA neurons) through the activation of orexin type-1

receptors (OX1R) by the neuropeptide orexin A. However, the orexinergic

regulation of LC-NA neurons seems more complex: for example, ablation of

orexin neurons actually increases firing rate of LC-NA neurons in vivo.

Here we focused on the possible role of orexin B, an orexin type-2 receptor

(OX2R)-selective agonist co-released from orexin neurons. Surprisingly, in

contrast to orexin A, orexin B tonically reduced spontaneous firing of LC-

NA neurons, which was mediated through GABA
A

 receptors (GABA
A

R) and

OX2R. OX2R is expressed in GABAergic neurons within and around the LC

(LC-GABA neurons). Unexpectedly, orexin B did not appreciably increase

excitability of LC-GABA neurons and GABAergic postsynaptic currents in

LC-NA neurons, while the peptide induced GABA
A

R-mediated tonic current

and reduced input resistance in LC-NA neurons. These findings suggest

that orexin neurons could provide a continuous inhibitory tone to LC-NA

neurons via a novel modulatory action of orexin B. (COI:No)
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To understand the role of melanin-concentrating hormone (MCH) neurons

in sleep/wake regulation, we assessed sleep in MCH-tetracycline-controlled

transactivator (tTA); tetracycline operator (TetO)-diphtheria toxin A (DTA)

transgenic (TG) mice that enables temporal control of MCH neuronal

ablation by cell-specific expression of DTA. The timing of DTA expression is

controlled by the presence or absence of doxycycline (Dox) in the chow. TG

mice were fed with chow containing Dox until 10 weeks of age. Then, Dox(+)

chow was replaced with Dox(-) chow for another 4 weeks. Control mice

received Dox(+) chow throughout the experimental period. These mice were

chronically implanted with EEG electrodes for sleep/wake monitoring. The

vigilance states were automatically classified by SleepSign ver.3 software.

When 90% of MCH neurons were ablated, the amount of NREM sleep was

significantly reduced, accompanied by a reduction in the mean NREM

episode duration. The EEG power spectra for both NREM and REM sleep in

MCH neuron-ablated mice were indistinguishable from those before

ablation, suggesting that ablation of MCH neurons does not affect the

nature of basal cortical activity. On the other hand, no significant difference

in REM sleep amount was observed. From our result, the main role of MCH

neurons in the regulation of sleep is thought be the maintenance of NREM

sleep. (COI:No)
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REM sleep (Paraxoxical sleep: PS) is regulated by the brainstem neurons.

Since they start to increase firing before the onset of PS and keep firing

during PS, they are considered to start and maintain PS. It has been

hypothesized that the brainstem PS center is under the influence of the

ventrolateral periaqueductal gray (vlPAG) and hypothalamus. However,

neural activity supporting this hypothesis has not been identified yet, and

factors to stop PS have scarcely been examined. Using head-restrained un-

anesthetized rats, we examined neuronal firings in the hypothalamus and

midbrain reticular formation in and around vlPAG relating to the start and

end of PS. At the transition from SWS to PS, 15 of 36 hypothalamic neurons

including W/PS active and PS active neurons started to fire before the onset

of PS, while at the transition from PS to waking, 4 of 13 W active neurons

started to fire before the transition. In the midbrain reticular formation, 4

of 20 neurons including PS active and W/PS active neurons started to fire

before the PS onset At present, 5 neurons were found to be most active

during waking, however the firing was not kept for whole waking period but

almost ceased during SWS. None of 5 W active neurons started to fire before

the transition from PS to waking. It is hard to consider that these W active

neurons suppress PS or stop PS by inhibiting brainstem PS-on neurons.

The results suggest that the hypothalamus has a stronger influence than

the midbrain reticular formation on the brainstem PS center for the onset

and end of PS. (COI:No)
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Based on results from genetic, neuropharmacological and

electrophysiological studies, serotonin (5-HT) neurons in the dorsal raphe

nucleus (DRN) apparently function predominantly to promote wakefulness

and inhibit REM sleep. However, the effects of 5-HT on sleep architecture

are complicated and not fully understood. To clarify the physiological role of

DRN serotonergic neurons, we used optogenetic methods to manipulate the

activity of cell type-specific neuronal populations with high temporal and

spatial precision. Mice with central 5-HT neurons expressing

channelrhodopsin-2 (ChR2[C128S]) were obtained by crossing Tph2-tTA

and tetO-ChR2(C128S)/EYFP mice (Tanaka et al., Cell Rep. 2012). Whole-

cell patch-crump recordings from acute brain slices confirmed that

photostimulation with blue light (470 nm) pulses increased the frequency of

action potentials in ChR2-expressing 5-HT neurons. Optogenetic activation

of 5-HT neurons in the DRN in vivo induced a transition from NREM sleep

to active wakefulness within seconds. Our results may resolve a long-

standing controversy about the role of DRN serotonin neurons in the control

of vigilance state switching. (COI:No)
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The master circadian clock in mammals locates in the suprachiasmatic

nucleus (SCN) of the hypothalamus. Previous studies have found that SCN

neurons show circadian calcium (Ca2+) rhythms. These studies were

investigated by using fluorescent imaging with exposure time of few

seconds, so that fast neuronal activities underlying circadian Ca2+ rhythms

remain unknown. It is also known that SCN neurons show fast Ca2+

increase activities following action potential firings. So it is possible that

circadian Ca2+ rhythms are changes in frequencies and/or amplitudes of

fast Ca2+ activities. In this study, we performed simultaneous fluorescent

imaging of circadian Ca2+ rhythms and fast Ca2+ activities from long

cultured SCN slices. We expressed genetically encoded fluorescent Ca2+

sensitive probe GCaMP6f in SCN neurons. For imaging circadian Ca2+

rhythms, we took fluorescent images of the SCN slices every hour at an

exposure time of 1-2 seconds. For imaging fast Ca2+ activities, we carried

out fast fluorescent imaging every hour with frame rates of 30-40Hz and

duration of 20 seconds. Simultaneous recordings were held for more than

three days. SCN neurons did not show fast Ca2+ activities in their cell

bodies, suggesting that circadian Ca2+ rhythms are base level changes of

intracellular Ca2+ concentrations. On the other hand, we found some

neurons showing fast Ca2+ activities in bouton like and dendrite like small

structures. (COI:No)
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Mood disorders are highly associated with disrupted circadian rhythms

which are often observed in shift work and sleep disturbance in humans.

We have recently reported that mice deficient in Rev-erbα, a circadian clock

gene, show mania-like and depression-like behaviors. We have also shown

that, in the central nervous system, REV-ERBα is abundantly expressed in

neurons and that the prefrontal cortex expresses Rev-erbα at the highest

level in mood-related areas of the brain. To further explore the role of Rev-
erbα in the regulation of mood, we analyzed transcriptome in the prefrontal

cortex of Rev-erbα deficient mice. Here we show marked alteration in the

expression levels of a cluster of genes known to regulate mood such as

Fabp7, Bdnf, and Nr4a1 in the prefrontal cortex. More importantly, we

found that deficiency in the Rev-erbα gene altered expression levels of genes

associated with neuronal activity and plasticity in the prefrontal cortex. In

addition, a quantitative UPLC assay using tissues of the prefrontal cortex

without the Rev-erbα gene detected changes in the levels of key

neurotransmitters which can directly affect mood regulation. Taken

together, our results suggest that a circadian clock gene Rev-erbα plays an

important role in the regulation of neuronal networks in the prefrontal

cortex that coordinates mood and behaviors. (COI:No)
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We have recently reported that mice deficient in Rev-erb&alpha, a circadian

clock gene, show dysregulation of genes related to neuronal activity in the

prefrontal cortex and develop mood disorders. Based on these findings, we

have tested whether disruption of the daily behavioral rhythm could also

alter the regulation of genes controlling neuronal activity in the prefrontal

cortex and induce mood disorders. To disrupt the behavioral rhythm in

animals, we exposed C57BL/6J mice to a 12-h phase shift in the light-dark

(LD) cycle every 3 days for 18 days. Continuous recording of locomotor

activity confirmed that chronic desynchronization of the internal clock with

the external LD cycle induced by our LD shift protocol was effective in

disrupting the behavioral rhythm. Here we show that chronic circadian

desynchronization alters mood-related behaviors, which is accompanied by

changes in neuronal gene expression in the prefrontal cortex. We found that

circadian desynchronization increased both anxiety-like and depression-like

behaviors in mice. More importantly, our LD shift protocol disrupted

expression patterns of genes controlling neuronal activity such as Fos, Egr1,

and Arc in the prefrontal cortex. Taken together, our results indicate that

the daily behavioral rhythm may have a great influence on mood through

altering the function of the prefrontal cortex. (COI:No)
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We have recently made the discovery that deficiency in Bmal1, a circadian

clock gene, causes severe heart failure which is accompanied by markedly

decreased mitochondrial function. However, how Bmal1 regulates heart

mitochondrial function remains to be elucidated. To understand the role of

Bmal1 in the regulation of heart mitochondrial metabolism, we performed a

DNA microarray analysis using murine heart tissues with and without the

Bmal1 gene. We searched potential Bmal1 target genes which show (1) day

and night variation in expression and (2) decreased expression levels in

Bmal1 deficient hearts. We analyzed more than 15,000 genes, and a few

hundred genes were qualified. Interestingly, DAVID annotation chart

indicated that these qualified genes are significantly linked to energy

metabolism. More importantly, in the qualified genes, we found a set of

genes which are associated with the regulation of mitochondrial dynamics

and bioenergetics. Together, our results indicate that the circadian clock in

the heart organizes the transcription of a large cluster of mitochondria-

related genes and coordinates generation of mitochondrial bioenergy to

meet the metabolic requirements of the heart across the 24h sleep-wake

cycle. (COI:No)
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More than two third of preganglionic superior salivatory nucleus (SSN)

neurons projecting to the submandibular and intra-lingual ganglia reported

to exhibit pulse-related activity in the excitatory amino acid induced

activities. We investigated whether the SSN neurons that exhibited a pulse-

related activity receive the baro-receptor afferent inputs in urethane-

chlorarose anesthetized rat. Nineteen SSN neurons were identified by the

antidromic spike responses to stimulation of the preganglinic fibers in the

chorda tympani branches or lingual nerve. These SSN neurons exhibited a

pulse-related activity with cardiac coefficient exceeding 2.0 in the ECG-

triggered correlation histogram. Out of 19 SSN neurons, 11 had maximum

peak counts during systolic pressure increasing period, implying that they

receive arterial baro-receptor input. Of the 11 SSN neurons the axonal

conduction velocities of 6 were calculated to fall within the B fiber range

and 5 neurons fell within C fiber range. On the other hand, the other 8

neurons had maximum peak counts during systolic pressure decreasing and

diastole periods, implying that they receive cardiopulmonary baro-receptor

input. Of the 8 SSN neurons the axonal conduction velocities of 7 were

calculated to fall within the C fiber range and 1 neuron fell within B fiber

range. These data implicate that many of SSN neurons receive baro-

receptor afferent inputs. (COI:No)
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The aim of this study was to clarify the effect of vagal afferent activation on

salivation and swallowing-like events. Salivation is part of a reflex induced

by stimulation of the oral area during feeding or chewing. Recently, we

reported that nausea induced by gastro-esophageal reflux (GER) activation

produced salivation and swallowing in humans. Here, we investigated the

ability of visceral sensation to enhance salivation and swallowing in rodents

in order to inform the mechanism of GER-mediated stomatognathic

activation. First, we administered LiCl to anesthetized male rats to induce

nausea. LiCl significantly increased salivation and increased the activity of

the vagal afferent nerve. Next, we simultaneously recorded salivation and

swallowing using an electrode attached to the mylohyoid muscle during

vagal afferent stimulation in a physiological range of frequencies. Vagal

afferent stimulation significantly increased salivation and swallowing-like

events in a frequency-dependent manner. A muscle relaxant, vecuronium

bromide, diminished the swallowing-like response but did not affect

salivation. These results suggest that vagal afferent activation induces

salivation and swallowing-like events in anesthetized rodents. (COI:No)
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[Background] Esophageal peristalsis is controlled by the brainstem via

vago-vagal reflex. Mechanical stimulation on the esophageal wall after food

intake triggers the vago-vagal reflex. In previous studies, intraluminal

pressure changes have been recorded to assess esophageal peristalsis. In

contrast, there were few studies that actually evaluate transport function of

esophagus. Therefore, the aim of present study was to establish a novel

method for evaluating transport by esophageal peristalsis, which is suitable

to investigate regulatory system of esophageal peristalsis. [Methods] A

balloon tipped catheter was placed in the esophagus of a rat anesthetized

with urethane through the oral cavity. The balloon was inflated to induce

esophageal peristalsis. For evaluating esophageal transport ability, we

measured the distance and the velocity of the balloon movements. [Results]

Balloon moved to aboral direction in response to its inflation. Vagotomy

abolished the transport response, showing that our novel method can

evaluate the transport ability of esophageal peristalsis. Balloon inflation

failed to induce transport of the balloon when a nitric oxide (NO) synthase

inhibitor, L-NAME was intravenously applied. This result suggests that NO

plays important roles in esophageal peristalsis. [Conclusion] We devised a

novel method for evaluating esophageal peristalsis in vivo in rats. By using

the novel method, essential roles of NO in the regulation of esophageal

peristalsis has been elucidated. (COI:No)
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Presence of fecal pellet in the gut causes the ascending excitatory and the

descending inhibitory reflexes, and the pellet itself is propelled aborally. In

addition, coordinated regulation between different parts of the gut would

also operate to excrete sequential multiple pellets efficiently. In this study,

effects of pressure stimulus at a specific part of the colorectum on motility

in upstream and downstream segments was examined in vivo. Rats were

anaesthetized with alpha-chloralose and ketamine, and colorectal motility

was recorded with water-filled balloons. The balloons were inserted into the

colorectum and located at 2, 4, and 6 cm from the anus. Strong contractions

were recorded at the most distal (2 cm) balloon in the presence, but not in

the absence, of the middle (4 cm) balloon. Presence of the most proximal (6

cm) balloon did not promote the strong contractions at the 2 cm balloon.

When three balloons were inserted simultaneously, motility at 4 and 6 cm

were not obviously observed. However, removing the most distal balloon

enhanced motility of the remaining two balloons. These reflexes are

maintained even after bilateral severing of the pelvic nerves. These results

suggest that the existence of fecal pellet modulate motility of the proximal

or distal segments intrinsically, which may be beneficial to propel multiple

pellets efficiently. (COI:No)
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A previous study conducted by our group showed that noxious mechanical

stimulation of the hindpaw decreases the estradiol secretion rate from the

rat ovary and that the response is due to reflex activation of ovarian

sympathetic nerves, mediated by supraspinal structures. The present study

examined whether the location of the reflex center for this somato-ovarian

hormonal response was the hypothalamus or the brain stem. Rats were

anesthetized on the day of estrus, and ovarian venous blood was

intermittently collected. The secretion rate of estradiol from the ovary was

calculated as the difference in estradiol concentrations between ovarian

venous plasma and systemic arterial blood plasma divided by the flow rate

of ovarian venous plasma. Electrical stimulation of the tibial nerve at a

supramaximal intensity for C fibers for 5 min decreased ovarian estradiol

secretion by 34 ± 7%. The efferent activity of the sympathetic nerves to the

ovary [the superior ovarian nerve (SON)] was increased by 39 ± 13%

following tibial nerve stimulation. Similar responses of estradiol secretion

rate and SON activity were observed in acutely decerebrated rats but were

abolished in acutely spinalized rats. These results indicate that the main

integration center for the reflex response of sympathetically mediated

decrease in the ovarian estradiol secretion rate induced by hindlimb nerve

stimulation is located in the brain stem and not in the hypothalamus. (COI:

No)
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Chronic pain is associated with autonomic disturbance. However, the

specific effects of chronic back pain on sympathetic regulation remains to be

investigated. Besides, chronic pain can produce maladaptive brain

plasticity, including structural changes in the anterior cingulate cortex

(ACC), a key structure in autonomic regulation. The aim of the present

study was to determine if sympathetic regulation and ACC morphology are

altered in a rat model of chronic back pain (muscle injection of CFA).

Sympathetic regulation was assessed with renal blood flow (RBF) changes

induced by electrical stimulation, while ACC morphology was examined by

measuring cortical thickness. RBF changes and ACC thickness were

compared between 3 groups of rats: controls; chronic back pain in regions

segmental (T10) or not (T2) to renal sympathetic innervation. After 12 days,

ACC thickness was decreased in animals with chronic back pain compared

with controls (p<0.001). In addition, nociceptive hind paw stimulation

decreased RBF, although this reflex was attenuated by chronic pain at T2

(p<0.05), not at T10 (p=0.3). These results indicate that chronic back pain

alters sympathetic regulation through non-segmental mechanisms, possibly

by altering descending regulatory pathways from ACC. However, this

attenuation is abolished when chronic back pain affects muscles that send

nociceptive afferents to spinal segments that provide segmental

sympathetic innervation. (COI:No)
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The thyroid and parathyroid glands are dually innervated by sympathetic

(cervical sympathetic trunk [CST]) and parasympathetic (superior

laryngeal nerve [SLN]) nerve fibers. However, their physiological

significance has not been fully determined. We examined the effects of

electrical stimulation of efferent or afferent nerve fibers that innervate the

thyroid and parathyroid glands on secretion of hormones from these glands

in anesthetized rats. Thyroid venous blood was collected though the

catheter inserted into a thyroid vein. Secretion rates of immunoreactive

calcitonin (iCT), parathyroid hormone (iPTH), triiodothyronine (iT3), and

thyroxine (iT4) were calculated from their concentrations and flow rates of

thyroid venous plasma. To determine role of unmyelinated efferent nerve

fibers, cut peripheral ends of CSTs or SLNs were stimulated with a

supramaximal intensity. To examine effect of selective stimulation of SLN

myelinated afferent fibers, intact SLNs were stimulated with a

subthreshold intensity for unmyelinated fibers. The secretion of iCT, iT3,

and iT4 was increased during stimulation of cut or intact SLNs at 40 Hz,

but was decreased during CST stimulation at 20 Hz. iPTH secretion

increased during CST stimulation at 20 Hz, but was not affected by SLN

stimulation. These results suggest that excitation of myelinated SLN

afferents promotes secretion of CT and thyroid hormones, via reflex

activation of parasympathetic efferent nerve fibers in SLN. (COI:Properly

Declared)
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We previously reported the effects of non-invasive and thermo-local

cutaneous (NTLC) stimuli to the fore and hind paws on renal sympathetic

nerve activity (RSNA) in anesthetized rats, to clarify the relationship

between somatosensory system and autonomic nervous system (ANS). As a

consequence, a magnitude of RSNA during NTLC stimuli decreased

sustainably and we recognized a significant difference, comparing the

reduction with the control level, suggesting that NTLC stimuli might affect

ANS. Here, we examined whether or not the gastric vagus nerve activity

(GVNA) to NTLC stimuli behaves like an opposite manner understood in

general. Method was about the same as the previous report, except for using

the vagus nerve. Shortly, the rat ventral gastric vagus nerve innervating

the stomach was exposed through a midline abdominal incision and

dissected free from surrounding tissues. For NTLC stimuli, hot pads at

lower than 42°C were attached onto the hind paws. As expected, the present

study resulted in a small transient increase in GVNA depending on the

stimulation. If combined with the previous findings, we concluded that the

same NTLC stimuli made ANS to cause almost opposite responses, that is,

‘sustained decrease’ in RSNA and ‘transient increase’ in GVNA. It was also

interpreted that the present thermo-local stimulation applied to drive the

collaboration between somatosensory system and ANS might be effective

similar to the whole body warming. (COI:No)
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The hypothalamic paraventricular nucleus (PVN) has been suggested to

play a role in eliciting sympathoexcitation seen during exercise. However,

neurocircuitries responsible for the sympathoexcitation have not been

determined. The aim of the present study was to identify central pathway(s)

which send projections to the PVN and are activated by exercise. Rats

which had preliminarily received microinjection of cholera toxin b subunit

(CTb, a retrograde tracer) in the PVN voluntarily ran on the treadmill (20

m/min, 45 min, 5°, N=6) or served as control (N=6). Then,

immunohistochemical staining was conducted on coronal brain sections in

order to detect signals of CTb and Fos protein, a marker of neuronal

activation. The experiments revealed that CTb-labelled cells were

dominantly distributed in the subfornical organ (SFO) and posterior

hypothalamus (PH), suggesting that these areas sent direct projections to

the PVN. It is noted that Fos-immunoreactive cells were located in the PH

but not in the SFO of the exercised rats; the PH of the exercised rats

contained a greater number of Fos-immunoreactive cells than that of

controls (P<0.05). These data suggest that the PH was activated by

exercise. Moreover, the number of CTb-labelled cells with Fos

immunoreactivity in the caudal PH of the exercised rats was greater than

that of controls. These results in total suggest that monosynaptic pathway

from the caudal PH to the PVN is activated by voluntary exercise in rats.

This pathway may be a part of the neurocircuitry responsible for exercise

sympathoexcitation. (COI:No)
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The ventral part of the medulla (VM) includes central cardiovascular areas

such as rostral and caudal ventrolateral medulla (RVLM and CVLM,

respectively), both of which abundantly contain catecholaminergic (CA)

neurons, and the rostral ventromedial medulla (RVMM), which contains a

few CA neurons. Little is known about the involvement of VM-CA neurons

in autonomic adjustments to exercise. The present study was designed to

describe the characteristics of the distribution of VM-CA neurons activated

by exercise. The rats voluntarily ran on the treadmill (20 m/min, 5°, 45 min;

N=7) or served as control (N=6). Immunohistochemical staining

experiments demonstrated that: 1) the VM rostral to the rostral pole of the

inferior olive nucleus contained a significantly (P<0.05) less number of

tyrosine hydroxylase (TH)-immunoreactive neurons than the VM caudal to

the landmark, 2) expression of Fos protein (a marker of neuronal activation)

was evoked in the RVLM of exercised rats, as compared with that of control

rats, as well as in the RVMM, and 3) the number of Fos expression in the

CVLM of exercised rats was not significantly different from that of controls,

and 4) the percentage of Fos-labelled cells in the RVLM TH-immunoreactive

populations of exercised rats (38.0 ± 11.6%) was significantly higher than

that of controls (5.6 ± 5.6%). These results suggest that CA neurons located

in the RVLM are activated by exercise. Further studies are needed to

identify roles played by RVLM-CA neurons in autonomic adjustments to

exercise. (COI:No)
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Magnetic resonance (MR) images reflect not only water content, but also

water states in the tissue. Details of water state are, however, not clarified

yet. Interaction between water and macromolecules such as myoproteins in

skeletal muscle is considered to restrict their mutual molecular motional

freedom. From this it follows that water and macromolecules would gain

additional motional freedom absorbing extra enthalpy (heat) with

temperature similarly to the melting of ice. With differential scanning

calorimetry (DSC) on skinned fibers prepared from sartorius muscle of

Rana Catesbeiana, we observed extra heat absorption at -24, -21, 0, 46,

65°C. After myosin heat-denaturation represented by the endothermic peak

at 46°C, the peak areas at -24, -21°C increased. Further heat-denaturation

at 65°C decreased the integrated enthalpy (from -80°C to +20°C), which is

an index of overall enthalpy capacity of the specimen. Each of the removal

of thick filaments to 40% in 450mM KCl solution containing 3.5mM

MgATP, and thin filaments to 30% by gelsolin treatment had different

effects on the peaks at -24, -21°C and the integrated enthalpy. These results

suggests that DSC could detect heat-denaturation of particular

myoproteins, so as to ensure DSC as an effective tool for exploration of the

interaction between water and macromolecules. (COI:No)
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The dynamic changes of water molecules structure surrounding contractile

proteins might play an important role in cross-bridge cycling during

contraction. The spin-spin relaxation process of 1H-NMR signals from

suspension of myofibrils prepared from rabbit could be well represented by

the summation of several exponentials indicating that water molecules in

the suspension could be conveniently grouped into several components

based on the relaxation time constant (T2). The slowest two components (T2

around 0.4s and 0.15s) dominated over faster relaxation components. This

may suggest that the potential of the water molecules existing around

myofibrils is high. When the myosin molecules is in the M state or MT state,

the volume of the high potential water molecules is increased. (COI:No)
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The membrane excitation and contraction of cardiac myocytes have been

investigated quantitatively by developing a variety of mathematical cardiac

cell models. However, to our knowledge, no contraction model has been

available which calculates ATP consumption during the muscle contraction

based on the detailed reaction cascade of ATP-hydrolysis by the S1 segment

of myosin accompanying its developed tension triggered by the transient

increase in the intracellular Ca2+ concentration (Ca2+ transient). We

adopted the biochemical myofilament model (Mansson 2010) which

incorporates molecular sequence of ATP binding to the S1 segment of

myosin and subsequent hydrolysis followed by the release of Pi and ADP

during the power stroke and the recovery stroke of the crossbridge. The

activation and deactivation steps evoked by the intracellular Ca2+

transient, and the force of contraction were calculated according to the

physiological contraction model developed by Negroni & Lascano (2008).

This new hybrid model of contraction was adjusted for its parameters

according to the time courses of developed tension evoked by applying step

changes in the isometric as well as the isotonic contraction modes. The new

contraction model will be used to analyze the cardiac energetics on the

molecular level when it will be incorporated into the whole cell model.

(COI:No)
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We have previously demonstrated that early growth response 3 (Egr3) is

involved in C2C12 myoblast proliferation. However, the mechanisms are

unknown. In the present study, we investigated the effect of inhibition of

Egr3 on myogenic molecules in primary mouse myoblast. Myoblast was

isolated from male C57BL/6J (8 weeks of age) and purified by pre-plating.

Egr3 was inhibited by transfection of smart pool siRNA for 48 h (for qRT-

PCR and Western blotting) and 72 h (for western blotting). The control cells

were transfected with control siRNA. Egr3 mRNA level in siRNA-

transfected cells was significantly lower than that in the control cells. Pax7

mRNA level in siRNA-transfected cells was significantly higher than that in

the control cells. mRNA levels of calcitonin receptor and Hes5 in siRNA-

transfected cells were also significantly higher than those control cells.

Protein level of Pax7 in siRNA-transfected cells was significantly higher

than that in the control cells at 48 and 72 h. Moreover, protein levels of p21

at 72 h and p27 at 48 h and 72 h in siRNA-transfected cells were

significantly higher than those in the control cells. By contrast, there was

no change in MyoD mRNA and protein levels in siRNA-transfected cells.

These results suggest that inhibition of Egr3 is associated with molecular

patterning that impairs activation of myoblast. (COI:No)
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Expression of MyHC II
b
 protein and mRNA in skeletal muscle has been

reported to be increased by insulin-like growth factor-I (IGF-I). However,

the effect of IL-6 and calcineurin on the mRNA expression in myocytes

remains still unknown. Our recent study showed that IL-6- and/or

calcineurin-dependent upregulation of MyHC I mRNA and skeletal muscle

modulators such as IL-6. In this study, we investigated that the effects of

IL-6 and long-chain unsaturated fatty acids on expression levels of MyHC

II
b
 isoform and IL-6 mRNAs. First, we demonstrated the effect of IL-6 or

anti-IL-6 receptor antibody on MyHC II
b
 mRNA expression level in C2C12

cells. The MyHC II
b
 mRNA level was significantly increased by medium

supplemented with IL-6. These MyHC II
b
 mRNA expression was

attenuated by anti-IL-6 receptor antibody. Second, we examined the effect

of unsaturated fatty acids and calcineurin inhibitor. MyHC II
b
 mRNA

expression level was upregulated by unsaturated fatty acids such as oleic

acid or linoleic acid. The mRNA expression was decreased by cyclosporine A

with oleic acid or linoleic acid. Third, we examined the effect of unsaturated

fatty acids on IL-6 mRNA level. Then, the expression level of IL-6 mRNA

was significantly enhanced by medium supplemented with oleic acid or

linoleic acid. These results indicated that IL-6 induced by calcineurin

activation might increase MyHC II
b
 mRNA in C2C12 cells. (COI:No)
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Our previous study using differentiated C2C12 cells indicated that myosin

heavy chain type I (MyHC I) and inteleukin-6 (IL-6) mRNA expression

levels were significantly increased by the administration of calcineurin

activators. In the present study, we examined mechanisms of the

upregulation of MyHC I mRNA expression levels induced by the calcineurin

activators in C2C12 myocytes. C2C12 myoblast cells were induced to

differentiate to myocytes by medium exchange from D-MEM containing

15% FCS to it containing 2% FCS. Subsequently, the differentiated cells

were incubated in D-MEM containing 2% FCS with or without chemicals for

24 hrs. MyHC I and IL-6 mRNA expression levels were measured by the

real-time PCR method. In C2C12 myocytes, mRNA expression level of

MyHC I or IL-6 was increased by the administration of IL-6 or calcineurin

activators, such as oleic acid and linoleic acid. The effects of these

calcineurin activators on upregulation of MyHC I and IL-6 mRNA levels

were attenuated by the administration of cyclosporine A. The effects of

calcineurin activators on upregulation of MyHC I mRNA levels were

significantly attenuated by the co-administration of anti-IL-6 receptor

antibody, although IL-6 mRNA levels were not affected by co-

administration of the antibody. These results indicate that the upregulation

of MyHC I mRNA by the administration of calcineurin activators would be

result of autocrine/paracrine secretion of IL-6 in C2C12 myocytes. (COI:No)
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The polyamines putrescine, spermidine and spermine are considered to be

essential growth factors in virtually all cells. The proposed roles of

polyamines are the functioning of ion channels, nucleic acid packaging,

signal transduction, cell proliferation, and differentiation, as well as

regulation of gene expression. In skeletal muscle, regulation of polyamine

levels is associated with muscle hypertrophy and atrophy, yet the

underlying mechanisms of polyamine actions are not well defined. Here, we

studied how polyamines may affect the proliferation and/or differentiation

of murine myoblast progenitor C2C12 cell line. Upon polyamine treatment

of C2C12 cells during induction of myogenic differentiation, the number of

myotubes significantly increased. Morphologically, polyamine-treated

C2C12 cells exhibited elongated cell body and became multi-nucleated

myotubes. On the other hand, the polyamine did not have influence on

myoblasts proliferation. Furthermore, compensatory muscle hypertrophy of

C57BL6 mice underwent sciatic nerve transection of the left hindlimb was

enhanced by administration of polyamines. Therefore, our study

demonstrates that polyamines may play an important role in regulating

myogenic differentiation rather than myoblasts proliferation. (COI:No)
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Clenbuterol (CB), a selective β
2
-adrenoceptor (AR) agonist, induces muscle

hypertrophy and counteracts muscle atrophy. However, it is paradoxically

less effective in slow-twitch muscle than in fast-twitch muscle, though slow-

twitch muscle has a greater density of β
2
-AR. To elucidate the role of Epac1

(exchange protein activated by cAMP 1) in the differential hypertrophic

effect of CB between slow- and fast-twitch muscles, we examined the effects

of CB treatment (i.p., 2mg/kg/day for 3 weeks) on myofiber cross-sectional

area, activities of β
2
-AR signaling components and cAMP levels in tibialis

anterior (TA, a typical fast-twitch muscle) and soleus (SOL, a typical slow-

twitch muscle) muscles of wild-type (WT) and Epac1-null (Epac1KO) mice.

In TA muscle, the CB treatment induced hypertrophy through activation of

Akt and CaMKII signaling pathways in WT, but not in Epac1KO. On the

other hand, in SOL muscle, the CB treatment did not induce hypertrophy as

well as activation of these signaling pathways in either WT or Epac1KO.

Expression level of phosphodiesterase 4D was about 12-fold greater in SOL

than in TA. In addition, the CB treatment significantly increased cAMP

levels in TA, while not in SOL in either WT or Epsc1KO. These results

suggest that cAMP/Epac1 plays important roles in the β
2
-AR-mediated

hypertrophy through subsequent activation of both Akt and CaMKII

signaling pathways in fast-twitch muscles rather than in slow-twitch

muscles, accounting for the differential hypertrophic effect of CB between

slow- and fast-twitch muscles. (COI:No)
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We have showed several experimental results indicated that the inhibition

of protein phosphatase 2A (PP2A) activity induced force suppression

through its direct action on contractile proteins (e.g, Ishida et al.,

2015,Watanabe and Takano-Ohumuro, 2003). To clarify the mechanisms of

the PP2A effects on the smooth muscle contractile proteins in vivo, we

studied the effects of rubratoxin A, a specific PP2A inhibitor, on contraction

of beta escin skinned taenia cecum from guinea pig. Rubratoxin A inhibited

Ca ion induced contraction of skinned preparations with suppression of

myosin phosphorylation at 100 - 1000 nM. Similar concentrations of the

agent also seemed to slightly inhibit high concentrations Mg ion induced,

myosin-phosphorylation independent, contraction. These results suggest

that the force inhibiting effects of PP2A is due not only to suppression of

myosin phosphorylation, but also direct inhibition of myosin-actin

interaction. (COI:No)
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Rho-kinase (ROK)-mediated Ca2+-sensitization of vascular smooth muscle

(VSM) plays a critical role for abnormal VSM contractions such as

vasospasm. Previously we identified sphingosylphosphorylcholine (SPC)

and Fyn tyrosine kinase, as a novel signaling molecule to induce the ROK-

mediated Ca2+-sensitization of VSM contractions. We also found that SPC

induced the translocation of Fyn and ROK from cytosol to plasma

membrane, where they colocalized with caveolin-1, a marker of membrane

raft using immunofluorescent staining and confocal microscopy, and

therefore suggested that those molecules were translocated to membrane

rafts. However, microscopic study alone does not provide enough evidence

for the translocation of those molecules to membrane rafts. In the present

study, we analyzed the translocations of Fyn and ROK to membrane rafts

by sodium carbonate extraction followed by and sucrose density gradient

fractionation. Using those methods, raft markers s such as caveolin-1 and

flotillin-1 were collected in low density fractions, and β -adaptin, a non-raft

marker was in high density fractions. SPC increased the distribution of Fyn

in low density fractions, supporting the finding of microscopic study.

However, ROK was detected in only high density fractions and not in low

density fractions. Those findings suggested that SPC induced the

translocation of Fyn to membrane rafts and the translocation of ROK to

non-raft membranes in the proximity of membrane rafts. (COI:No)
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Extraocular muscles (EOMs) are responsible for the characteristic

movements of the eyes including saccade, tracking and vergence, based on a

diverse range of contraction modality from slow sustained contraction to

fast instantaneous twitches. Previous studies have revealed that EOMs

express various subtypes of myosin heavy chain, including fast (IIb, IIx,

IIa), slow (I), and EOM specific (“extraocular”) types. These subtypes are

characteristically distributed within each EOM, probably reflecting its daily

contractile performances. In this study, we performed X-ray diffraction

experiments and observed spontaneous oscillatory contraction (SPOC)

using skinned fibers prepared from EOM so as to obtain new insight into

the working principle of EOM from structure and function at a molecular

level. The expression of the subtypes of myosin heavy chains in EOM fibers

were also evaluated by SDS-PAGE and immunohistochemistry. Intensity

profiles of equatorial reflections in EOM fibers showed large variation of

1,1/1,0 intensity ratio compared with limb muscle fibers suggesting that

structural heterogeneity of myosin heads within the EOM fibers. The

oscillatory wave of SPOC showed unique pattern which appears to consist of

multiple components. We consider these characteristics of EOM fibers

would effectively contribute to realize characteristic movements of EOMs.

(COI:No)
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In bovine ciliary muscle (BCM), stimulation of M
3
-muscarinic receptors

(M
3
R) opens two types of non-selective cation channel with different unitary

conductances (35 pS and 100 fS) which serve as major pathways for Ca2+

entry during sustained contraction. The molecular entities of these

channels are still unknown, mainly because of the technical difficulty of

obtaining BCM cells with sufficient purity. Recently we developed a new

method to obtain BCM cells with unprecedented quality and amount and

applied it to examine the existence and localization of M
3
R, G

q/11
, Ora1 and

STIM1, which are candidates for molecular components of these channels.

The ciliary body dissected from bovine eye were treated with collagenase,

and the dispersed cells were subjected centrifugation through discontinuous

Percoll density-gradient of 1.050 and 1.060 g/mL. Cells were then collected

from the 1.050/1.060 interface and cultured for 1-3 days before use. In the

cultured BCM cells, carbachol (2 µM) evoked a phasic and tonic increase of

[Ca2+]
i
 monitored with fluo-4 fluorophore. Caffeine (20 mM) caused a phasic

rise of [Ca2+]
i
 in the absence of extracellular Ca2+. These responses were

clearly observed in 5×106 cells obtained by the single-step centrifugation

procedure. Immunological staining revealed abundant expression of M
3
R,

G
q/11

, Orai1, and STIM1 in the plasma and endoplasmic membranes. (COI:

No)
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Background: Ciliary muscle is a smooth muscle characterized by a rapid

response to muscarinic receptor stimulation and sustained contraction. In

general, regulation of smooth muscle contraction involves protein

phosphorylation, such as myosin and other regulatory proteins. We have

previously reported that the level of myosin light chain (LC20)

phosphorylation did not change regardless of contractile state in bovine

ciliary muscle. In this study, we examined calcium-dependent LC20

phosphorylation in skinned ciliary muscle. Methods: Isometric tensions

were recorded with ionomycin-treated or β-escin skinned bovine ciliary

muscle strips. Contractions were induced by varying the extracellular

calcium concentration. At a given point in time, muscle strips were quick-

frozen with cold TCA/acetone. LC20 phosphorylation was measured by

phos-tag SDS-PAGE and western blotting. Results: Both ionomycin-treated

and β-escin skinned ciliary muscles showed calcium-dependent

contractions. Addition of exogenous calmodulin to the skinned muscles

shifted the calcium concentration-tension curve to the left, suggesting the

involvement of a calmodulin-dependent regulatory pathway, such as myosin

light chain kinase. LC20 phosphorylation increased as the extracellular

calcium concentration increased. Unique finding was that the LC20

phosphorylation level stayed relatively high even at pCa 9. (COI:No)
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[Aims] Using X-ray diffraction method we have reported that eccentric

contraction (ECC) of moderate intensity (elicited by 75Hz stimulation)

induces evident deterioration in sarcomere structure evidenced as marked

decrease in the intensity of myosin layer-lines. In this study, we evaluated

the effects of low intensity ECC. [Methods] Plantar muscles under blood

flow supply of 8-week F344 anesthetized male rats were electrically

stimulated through nerve. Consecutive contractions of 300 msec duration

were elicited 10 times at 3 s intervals at one of the following conditions;

100Hz isometric (ISO), 50Hz ECC, and 75Hz ECC. To evaluate the effect of

overall load, a group of muscles underwent 30 consecutive 50Hz ECC (50Hz

ECC×30). [Results] The overall contraction load evaluated as force-time

integral (N·s/cm2) was 50Hz ECC<ISO=75Hz ECC<50Hz ECC×30. Force

developing capacity evaluated 1 h after the consecutive test contractions

was ISO=50Hz ECC<50Hz ECC×30<75Hz ECC. Although scarcely

observable after 75Hz ECC, myosin layer-lines after ISO, 50Hz ECC, and

50Hz ECC×30 were comparable with the control. [Conclusions] Sarcomere

deterioration represented by myosin layer-lines are sensitive to

instantaneous force development, but not to overall contraction load.

Therefore, in rehabilitation care, repetitive low-intensity exercise may be

adoptable without inducing sarcomere deterioration. (COI:No)
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Heat shock protein B8 (HSPB8), a member of the small heat shock protein

family, is known to have chaperone activity and protein quality control.

Previous studies reported that mutations in HSPB8 cause hereditary motor

neuropathy and myopathy. Recently, we found novel mutation candidates

in HSPB8 in myopathy families. However, it remains to be elucidated

pathogenic mechanisms of HSPB8 related myopathy. In this study, we

produced zebrafish models to confirm pathogenicity of these mutations. We

carried out microinjection of wild-type or mutated human HSPB8 mRNA in

zebrafish embryos at 1-2 cell stage. Embryos were maintained 5 days post-

fertilization, then we analyzed phenotype of these fishes. Expression of

mutated HSPB8 led to develop morphological abnormalities at a high rate

compared to expressing wild-type HSPB8-injected and non-injected fishes.

Our data suggest that the novel mutations of HSPB8 can cause myopathy.

(COI:No)
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A murine model of Duchenne muscular dystrophy (DMD), dystrophin/

utrophin double-knockout (dKO) mouse, shows severe dystrophic

phenotypes both in skeletal and cardiac muscles. As DMD patients, we

found that a significant elevation of IL-6 levels in serum and skeletal

muscle of dKO mice is concerned to contribute the progression of muscular

dystrophy. Thus, this study aimed to evaluate the long-term effects of IL-6

receptor (IL-6R) blockage (MR16-1) on the muscle pathology in dKO mice.

Administration of MR16-1 antibody from age of 2 weeks to 13 weeks

successfully inhibited IL-6 pathway in skeletal muscle and significantly

increased areas of regenerating myofibers. Consistently, decreased serum

CK levels, enlarged muscle diameter and reduced periostin accumulation in

quadriceps muscle were observed. Despite of these improvements in the

limb muscles, diaphragm and cardiac muscle were not ameliorated by the

treatment. In non-treated dKO mice, IL-6 signaling pathway was more

aggravated in limb muscles compared with cardiorespiratory muscles.

These results indicate that anti-IL-6 receptor antibody is a limited but

potential therapy for DMD particularly through activating skeletal muscle

regeneration. (COI:No)
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Fibromyalgia is characterized by chronic widespread pain, yet the

pathological mechanism has not been intensively studied. We examined

peripheral afferent mechanisms induced by neurotrophic factors using a rat

model of reserpine-induced fibromyalgia. When behavioral hyperalgesia

was obviously established 1-7 days after the last reserpine injection, single-

fiber recording was performed using extensor digitorum longus muscle

(EDL)-common peroneal nerve preparations in vitro taken from rats

euthanized by inhalation of CO2. Magnitude of the mechanical response in

muscular C-fiber nociceptors was significantly increased in the model.

Messenger RNA expression of neurotrophic factors, which are thought to be

involved in peripheral sensitization of nociceptors, was quantified by real-

time RT-PCR. Glial cell line-derived neurotrophic factor (GDNF) and its

family member persephin were significantly upregulated in the EDL,

whereas neurturin, artemin and nerve growth factor were not. These

results suggest that the peripheral neural mechanisms via GDNF and

persephin contribute to mechanical hyperalgesia in a rat model of

fibromyalgia. (COI:No)
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Hibernation is an adaptive strategy to endure cold seasons with little or no

food by dramatic suppression of metabolisms. During hibernation, animals

exhibit low body temperature and go into immobility. Such immobility

induces severe muscle disuse atrophy (MDA) in non-hibernators including

mice, rat, and human, whereas mammalian hibernators have been reported

to be less sensitive to MDA during hibernation. To address molecular and

physiological mechanisms responsible for the resistance to MDA, we have

examined the changes of skeletal muscle during hibernation season using a

mammalian hibernator, Syrian golden hamsters (Mesocricetus auratus) as a

model animal. We found that Syrian golden hamsters remodel back muscles

fibers from fast-type to slow-type during the pre-hibernation seasons. RNA-

seq analysis demonstrated that animals during hibernation seasons showed

elevated expression of genes involved in muscle atrophy compared to non-

hibernation season, raising the possibility that MDA occurs in this species

during hibernation. At the same time, however, we found that expression of

genes involved in muscle mass maintenance was also increased during

hibernation season. These results imply that Syrian hamsters may adapt

“scrap and built” strategy to maintain skeletal muscle mass during

hibernation season. (COI:No)
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Introduction: Underactive bladder (UAB) results from reduced bladder

strength, however, there is little therapy. The precise mechanism of cooling-

induced contraction (CIC) of bladder has not been fully elucidated.

Participation of TRP (Transient receptor potential) channels upon CIC was

investigated. Materials and methods: Isolated intact detrusor preparations

were obtained from human bladders. Isometric force recording, Ca2+

imaging and fluorescent immunohistochemistry were carried out. Results:

The graded extracellular temperature change from 37°C to 10°C inversely

induced a sustained contraction, while reversed by returning temperature.

Even in the presence of tetrodotoxin and atropine, these responses were

also reproducible. Ca2+-free extracellular solution or nifedipine well

inhibited CIC. RQ-00203078, a selective TRPM8 antagonist, did not

suppress CIC. Rise of intracellular Ca2+ concentration ([Ca2+] 
i
) induced by

cooling and failure of [Ca2+] 
i
 increase by removing extracellular Ca2+ were

confirmed. Immunohistological staining demonstrated that smooth muscle

bundles with or without rich-expression of TRPA1 channels were

recognized to be clearly distinguished. Conclusions: The present study

indicated that CIC appeared to result from myogenic origin whether or not

neuronal control. Exracellular Ca2+ is essential for the generation of CIC,

suggesting that mechanism underlying CIC requires the transmembrane

Ca2+ entry or intracellular Ca2+ metabolic process. It is likely that

activation of TRPA1 channels is involved with CIC and TRPA1 modulator

might be a candidate for a treatment of UAB. (COI:No)
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We have genenerated transgenic rats expressing an arginine vasopressin

(AVP)-enhanced green fluorescent protein (eGFP) fusion gene. In this

study, we invetigated AVP-eGFP synthesis in the hypothalamus after

peripheral administration of furosemide, using the transgenic rats. We

assessed eGFP fluorescence and counted Fos-immunoreactivity (Fos-ir)

cells in the supraoptic nucleus (SON) and the paraventricular nucleus

(PVN) after intraperitoneal (i.p.) injections of furosemide in the transgenic

rats. Non treartment and i.p. administration of saline were used as control

groups. In the furosemide groups, eGFP fluorescence in the SON and the

PVN at 3, 6h after i.p. administration of furosemide were significantly

increased in comparison with control. The eGFP positive neurons in the

SON at 1.5, 3, 6h after i.p. administration of furosemide, in the PVN at 1.5,

3h after i.p. administration of furosmide were significantly activated. We

were able to visualize and quantitatively evaluate AVP-eGFP synthesis and

neuronal activations after peripheral administration of furosemide, using

the AVP-eGFP transgenic rats. (COI:No)
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Introduction: We examined the role of spinal serotonergic mechanisms in

preventing stress urinary incontinence (SUI) during sneezing in rats.

Methods: Normal female rats were used. Sneezes were induced by a rat

whisker cut and inserted into the nostril. (1) Urethral responses were

measured using a microtip transducer catheter inserted to the middle

urethra from the urethral orifice. The effect of intrathecal (i.t.) 8-OH-DPAT

(a 5-HT1A agonist), or mCPP (a 5-HT2B/2C agonist) at the level of L6-S1

spinal cord on the amplitude of urethral responses during sneezing (A-URS)

as well as urethral baseline pressure (UBP) was evaluated. (2) To confirm

receptor subtype mediating the effect of 5-HT receptor agonists, the effect of

WAY-100635, a selective 5-HT1A antagonist, and RS-102221, a selective 5-

HT2C antagonist, followed by 8-OH-DPAT and mCPP, respectively, was

examined on A-URS and UBP. Results: (1) 8-OH-DPAT (i.t.) decreased A-

URS by 49.0%, while mCPP (i.t.) increased A-URS by 38.8%. 8-OH-DPAT,

or mCPP (i.t.) did not change UBP. 2) WAY-100635 and RS-102221 blocked

the effect of 8-OH-DPAT and mCPP, respectively. Conclusion: Activation of

5-HT2 receptors enhances the active urethral closure reflex during sneezing

at the spinal level, while 5-HT1A inhibits it. Thus, urethral sphincter

reflexes seem to be regulated by complex balance among facilitatory 5-

HT2C receptors and inhibitory 5HT1A receptors. (COI:No)
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We investigated the role of TRPV4 channels (TRPV4) in regulating the

contractility of detrusor smooth muscle (DSM) and muscularis mucosae

(MM) of the urinary bladder. Distribution of TRPV4 was examined by

fluorescence immunohistochemistry. The effects of GSK1016790A (GSK), a

TRPV4 channels agonist, on the spontaneous activity of DSM and MM were

examined using isometric tension recording, Cal-520 Ca2+ imaging and

intracellular microelectrode recording techniques. DSM and MM expressed

TRPV4 immunoreactivity. GSK (1 nM) evoked a sustained contraction in

both DSM and MM associated with a cessation of spontaneous phasic

contractions in a manner sensitive to HC-067047 (10 µM), a TRPV4

antagonist. Iberiotoxin (100 nM) and paxilline (1 µM), large conductance

Ca2+-activated K+ (BK) channel blockers restored the spontaneous

contractions in GSK. The sustained contractions in DSM and MM were

reduced by nifedipine (10 µM) by about 40 % and by nominally Ca2+-free

solution by some 90 %. GSK (1 nM) abolished spontaneous Ca2+ transients,

increased basal Ca2+ levels and also prevented spontaneous action potential

discharge associated with DSM membrane hyperpolarization. In conclusion,

Ca2+ influx through TRPV4 appears to activate BK channels to suppress

spontaneous contractions and thus a functional coupling of TRPV4 with BK

channels may act as a self-limiting mechanism for bladder contractility

during its storage phase. Despite the membrane hyperpolarization in GSK,

Ca2+ entry mainly through TRPV4 develops the tonic contraction. (COI:No)
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Background: Furosemide test generally causes urinary acidification in

normal animals. We investigated the mechanism of furosemide-induced

alkalinuria in acid-loaded mice. Methods: Blood and urine of normal (+2%

sucrose) and acid-loaded (+0.28 M NH
4
Cl/2% sucrose) C57Bl/6J mice (male,

10 wk) were collected under consciousness after injection (i.p.) of either

saline (10 ml/kg bw) or furosemide (50 mg/kg bw). Results: On day 7, urine

flow (µl/15 min) immediately increased to significance (*P<0.05, **P<0.005

vs. control (time 0)) at 15 minutes and slowly decreased after injection of

furosemide in both normal (C) and acid-loaded (Ac) mice [C+F (time): 101

(0), 517 (15’)**, 329 (30’)*, 230 (45’), 105 (60’); Ac+F: 21 (0), 470 (15’)**, 340

(30’)**, 200 (45’)*, 99 (60’)*]. Interestingly, urine pH and urinary ammonia

excretion, respectively, increased (less acidified) and decreased significantly

in the Ac+F group, but not in the other groups. IHC with an anti-PEPCK

antibody confirmed a significant increase in ammonia production in the

kidney proximal tubule after the acid-load.Summary and Conclusion:

Epithelial ammonia transport in the TAL through a medullary bypass may

be essential for the urinary H+ excretion in the collecting duct, especially

during metabolic acidosis. (COI:No)
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Moesin is a member of the ezrin-radixin-moesin (ERM) family protein,

which is a crosslinker between membrane proteins and actin cytoskeleton.

Recently, moesin was reported to play an important role in the cell surface

expression and apical recycling of Na+-K+-2Cl- cotransporter type 2

(NKCC2) by in vitro experiments using LLC-PK1 cells (Carmosino et al.
Biol. Cell. 104(11): 658-676, 2012). NKCC2 plays an essential role in

regulating body salt levels via the reabsorption in the thick ascending limb

of Henle (TAL). In humans, mutations in the gene coding for NKCC2 were

identified in patients of Bartter syndrome type I, which is characterized by

severe salt losing tubulopathy. Here, we examined the physiological roles of

moesin in the regulation of renal function in vivo by using male moesin-null

(Msn-/y) mice. Fractional excretions of electrolytes were significantly

increased in Msn-/y mice compared to wild-type (WT) mice during basal

condition and volume expansion. This result shows moesin plays an

important role of renal salt reabsorption. However, there were no

significant differences in the fractional excretions of electrolytes and urine

volume by the treatment with furosemide, which is an NKCC2 inhibitor,

between WT and Msn-/y mice. In addition, apical surface expression of

NKCC2 in medullary tubules including TAL was not significantly different

between WT and Msn-/y mice in basal condition. These results show the

impact of moesin deficiency on the reabsorption related to NKCC2 in vivo is

likely limited. (COI:No)
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Ezrin is highly expressed in the glomerular podocytes, and forms multi-

protein complex with a scaffold protein NHERF2, and a sialoprotein

podocalyxin. Podocalyxin deficient mice died within 24 hrs after birth with

anuric renal failure, whereas NHERF2 knockout mice did not show

apparent renal phenotype. On the other hand, physiological roles of ezrin in

glomerular podocytes still remain unclear. To investigate the physiological

roles of ezrin in the glomerular podocyte, we used ezrin knockdown mice

(EKD) in this study. EKD mice did not exhibit apparent glomerular

dysfunction, morphological defects, and disturbance in the localizations of

podocalyxin and NHERF2 in podocytes. However, RhoA activity in EKD

glomeruli was increased 1.3-fold compared to WT glomeruli, while Rac1 and

Cdc42 activities in EKD glomeruli were comparable with those in WT

glomeruli at baseline. Interestingly, in adriamycin-induced nephrotic

condition, EKD mice showed reduced susceptibility to the drug-induced

glomerular injury. In EKD glomeruli after adriamycin treatment, RhoA

activity was increased 1.5-fold, but Rac1 activity was significantly

decreased 0.5-fold compared to adriamycin-treated WT mice. Furthermore,

interaction of ezrin with Rho GDP dissociation inhibitor (RhoGDI), a key

regulator of Rho, was confirmed by coimmunoprecipitation in WT glomeruli.

Our results suggest that ezrin plays important roles in the regulation of

podocyte motility by regulating Rho activities via the interaction with

RhoGDI in glomerular podocytes. (COI:No)
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APOL1 is trypanosome lytic factor, a component of innate immunity.

APOL1 gene variants (G1, G2), present in individuals of recent sub-

Saharan African descent, increase risk for glomerular disease but the

molecular mechanisms have not been elucidated. We cloned a novel mRNA

splice variant that lacks ER signal sequence from human immortalized

podocytes and the predicted APOL1-B3 protein isoform was expressed in

podocytes in vivo. APOL1-B3-G2 transgenic mice manifested podocyte

injury and increased IL-1β production in the kidney. APOL1-B3 associated

with NLRP12, a negative regulator of TLRs signaling. APOL1-B3-G2 bound

NRLP12 more strongly than wild type APO-L1-B3 (G0), explaining

dysregulation of inflammatory response in APOL1-B3-G2 mice. APOL1-B3

also interacted with NLRP3, which promoted inflammasome activation,

resulting in enhanced urinary caspase-1 secretion observed in both APOL-

B3-G0 and -G2 mice. These findings suggest a mechanism by which one of

the APOL1 protein isoform and its renal risk variant enhances

inflammatory signaling and promotes podocyte injury. (COI:No)
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Renal system of bivalves consists of the auricles and the nephridia.

Podcytes in the auricular wall filtrate hemolymph into the pericardial

cavity. The filtrate is transported and stored in the nephridia, then excreted

from the excretory pore. In order to analyze function of the renal system,

accumulation and excretion of heavy metal ion was measured by using the

renal system of the Mytilus galloprovincialis. The renal system was imaged

by T
1
-weighted gradient-echo imaging (T

1w
-MRI) by 7 T magnetic

resonance imaging system at 20°C after immersion in Mn2+ containing

seawater. T
1
 values were also measured by the saturation-recovery MRI.

Image intensity and 1/T
1
 of the esophagus, the stomach and nephridia

increased by 10 µM Mn2+. While, those of the pericardium did not increase

significantly. When the mussel was returned to the normal seawater, 1/T
1

of the nephridia decrease gradually and returned to the normal value after

3 days. From these results, the nephridia are not only storage of the urine,

but could concentrate a heavy metal ion, Mn2+. Therefore, the renal system

of the bivalve could be useful model for analyzing renal function. (COI:No)
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After mammalian sperm are capacitated, they fertilized to egg. Capacitated

sperm exhibit acrosome reaction at head and hyperactivation in flagellum.

Recently we suggested that molecules present in the oviduct regulated

sperm hyperactivation (Fujinoki et al., 2016 JPS 66 207-212). In hamster

sperm, progesterone, melatonin and serotonin enhance hyperactivation.

Estradiol suppress effects of progesterone and melatonin. GABA suppress

the effect of progesterone. In the present study, we examined whether

estradiol and GABA suppressed the effect of serotonin. Serotonin enhances

sperm hyperactivation through two 5HT receptors, such as 5HT
2
 receptor

and 5HT
4
 receptor. Estradiol did not suppress any effects of serotonin. In

contrast, GABA dose-dependently suppressed the effect of serotonin

associated with 5HT
2
 receptor although it did not suppress the effect of

serotonin associated with 5HT
4
 receptor. Additionally, GABA suppressed

the effect of serotonin through GABA
A

 receptor. From these results, it is

suggested that hamster sperm hyperactivation is regulated by an

interaction between serotonin and GABA. (COI:No)
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Mammalian sperm have to undergo “capacitation” to fertilize ovum.

Capacitated sperm show a specialized flagellar movement called

hyperactivation. We previously reported hamster sperm hyperactivation

was regulated by extracellular Na+. Generally, cellular Na+ homeostasis is

regulated by various transporters, and Na+/K+ ATPase (NKA) plays the

central role among them. NKA consists of catalytic α subunit and auxiliary

β subunit. There exist a ubiquitous α1 and a sperm-specific α4 in sperm

cells. In the present study, we examined whether NKAs are involved in the

regulation of hamster sperm hyperactivation using specific inhibitor

ouabain. When 0.1-100 µM ouabain was added to mTALP media containing

101 mM NaCl, 0.1-10 µM ouabain dose-dependently inhibited

hyperactivation while percentage of motile spermatozoa was unaffected. In

contrast, 100 µM ouabain reduced percentage of motile sperm. When NaCl

concentration in mTALP was increased to 150 mM, 0.01-1 µM ouabain

inhibited hyperactivation and 10-100 µM ouabain reduced the percentage of

motile sperm. Western blotting confirmed the existence of both α1 and α4

isoforms in hamster sperm. Since it is known that 1-10 µM ouabain

specifically inhibit NKA α4 while >10 µM ouabain inhibit α1, these results

suggest that NKA α4 is necessary for hyperactivation while α1 contributes

for the maintenance of viability. Ouabain increased intracellular Ca2+,

augmented tyrosine phosphorylation but unaffected intracellular pH. These

results suggest that the inhibition of hyperactivation by ouabain is caused

by perturbation of intracellular milieu except for pH. (COI:No)
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Seminal vesicles (SVs) secrete a major component of seminal fluid and

develop spontaneous contractions to mix the secretion during the storage

phase. We have reported that intact mucosa is required for generating the

spontaneous contractions in guinea pig SV smooth muscle arising from

electrical slow waves and associated Ca2+ transients. Here we further

explored the mechanisms underlying the mucosa-dependent spontaneous

activity using intracellular recording techniques and epi-fluorescence Ca2+

imaging. In the mucosa-intact SV smooth muscle that had been treated

with nifedipine (10 µM), residual slow waves and spontaneous Ca2+

transients were abolished by CPA (10 µM), a sarco-endoplasmic reticulum

Ca2+-ATPase inhibitor. In the basal layer of mucosa preparations isolated

from the muscle layer, stellate-shaped cells generating spontaneous Ca2+

transients were numerous. Spontaneous transient depolarizations (STDs)

were also recorded from the same layer. Both spontaneous Ca2+ transient

and STDs were not blocked by nifedipine (10 µM) but abolished by CPA (10

µM). Immunohistochemical staining revealed that vimentin-positive

interstitial cells were distributed just beneath the epithelium. Thus, it is

likely that the ‘mucosal’ cells drive the spontaneous activity in SV smooth

muscle by sending either electrical or humoral signal. (COI:No)
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Prostaglandins E2 (PGE2) is one of the mediators involved in the regulation

of gonadotropin secretion. The effect of PGE2 is assumed to be a

consequence of its action on gonadotropin-releasing hormone (GnRH)

neurons in the hypothalamus. In this study, we examined possible changes

in the effect of PGE2 on synaptic transmission onto GnRH neurons in the

preoptic area (POA) during the estrous cycle. Whole-cell patch-clamp

recordings were performed to analyze miniature excitatory postsynaptic

currents (mEPSCs) of GnRH neurons in the POA slices prepared from

female GnRH-EGFP rats. PGE2 treatment significantly increased the

frequency of mEPSCs of GnRH neurons only on the day of proestrus, but

not on the day of diestrus 1. On the other hand, the amplitude of mEPSCs of

GnRH neurons was affected by PGE2 on neither proestrus nor diestrus 1.

Similarly, the frequency of mEPSCs of GnRH neurons was significantly

increased by PGE2 in the estrogen-primed, but not the cholesterol-treated,

ovariectomized (OVX) rats. Similar to PGE2, EP4 agonist significantly

increased the frequency, but not amplitude, of mEPSCs of GnRH neurons in

estrogen-primed OVX rats. Neither EP1 nor EP2 agonist affect the

frequency and the amplitude of mEPSCs of GnRH neurons. These findings

suggest that PGE2 can affect excitatory neurotransmission onto the

synapses of GnRH neurons via EP4 probably by acting at presynaptic site in

an estrogen dependent fashion. (COI:No)

3P-129
%�+����+�����	����	�	������+�����������	������
������

�������	�����
��	�����
�������������	�������� 9(0!�

	����	���	�������	������������������������������	�������

 "$-�!��	��������

����&��.���
�
 �����+�������

�
 �&�������&�������

�
 �

�����������
��
�
 ����
.��$�������

�

�
�� �#�8��-����1	��-���-�����������-������� ��-�����+����

�
���#�8�

����� �	
��-����/��",
���� �-����/
",
��+��

The medial preoptic nucleus, a regulatory center for male sexual behavior,

contains a male-biased sexually dimorphic nucleus that corresponds to the

MPNc in rats. It is suggested that the MPNc is involved in sexual

experience-dependent control of male sexual behavior, although it remains

to uncover the mechanism. In this study, we performed DNA microarray

analysis of the MPNc to find the genes whose expression is changed by

sexual experience (ejaculation). We found that the expression of several

immediate early genes, including a neuronal activity maker c-fos, increased

after males displayed male sexual behavior followed by ejaculation. The

levels of the gene expression were higher in sexually naive males than that

in experienced males, suggesting that sexual experience alters the activity

of a population of MPNc neurons. In addition, the expression of VGF after

ejaculation in sexually naive males was also higher than that of experienced

males. Next, we examined the effect of VGF gene silencing by shRNA on

odor preference for estrous females and sexual behavior. While the

performances of odor preference and sexual behavior were increased in

control males after sexual experience, VGF knockdown males failed to

increase them. VGF neurons of the MPNc may be involved in the formation

of the memory of sexual behavior that enhances sexual motivation in male

rats. (COI:No)
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Morphological inspection is the most commonly used technique to pick

quality oocytes and embryos for artifical fertilization. To raise reproductive

ratio, a new selection method from new point of view is needed. The

membrane potential reflects expression of ion channels and completeness of

cell membrane, it may evaluate oocyte quality. We previously showed that

there was wide dispersion of membrane potential among eggs without

morphological difference, using single and 4-cell stage bovine eggs. It

implied this technique could be applied for quality selection of oocytes. In

this study, we analyzed the effect of female age on membrane potential of

mouse oocytes. Four-week (before sexual maturation), 9-week (after

maturation), and 30-week (aged) old female mice were treated with CARD

HyperOva and hCG to stimulate hyperovaluation. And we measured

membrane potential with voltage-sensitive fluorescent dye after direct

recording using single electrode. Most of oocytes which have good

morphological characteristics indicated positive membrane potential, but

some of them performed potential near zero voltage. Because it is possible

to scratch oocytes during separation from cumulus cell-oocyte complex.

Though it effects quality of oocytes, morphological analysis may not be able

to detect mechanical damage. The effect of mechanical damage and age-

related damage on membrane potential will be discussed. (COI:No)
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Dopaminergic neurons located in the arcuate nucleus and adjacent

periventricular region of the mediobasal hypothalamus, called A12

tuberoinfundibular dopaminergic (TIDA) neurons, are known to inhibit

prolactin (PRL) release from the anterior pituitary. Intracerebroventricular

administration of PRL induced maternal behavior in virgin female rats,

suggesting that TIDA neurons are also involved in controlling maternal

behavior through PRL regulation although their role on maternal behavior

has not been documented. We examined whether reproductive experiences

affect the excitatory synaptic inputs to TIDA neurons in female mice. In 16–

weeks old primiparous and nulliparous mice (N=8–9), brain slices including

TIDA neurons excised at proestrus were subjected to whole–cell voltage–

and current–clamp study. TIDA neurons were identified by fluorescence

microscopy. Frequency, but not amplitude, of miniature excitatory post

synaptic potential (mEPSP) was higher in primiparous mice than

nulliparous counterpart. The result suggests that TIDA neurons is involved

in the regulation of maternal behavior. (COI:No)
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Bone marrow mesenchymal stem cells (bMSCs) are thought to be

multipotent cells, which have the potential to differentiate into lineages of

mesenchymal tissues, including bone and adipocytes. bMSCs play a crucial

role in maintaining bone homeostasis via differentiating into bone-forming

osteoblasts directly. It appears inhibition of osteoblast resulting in

remarkable bone loss and increasing risk for osteoporosis. Recent research

shows some old drags may cause potential side effect, even decreasing bone

density. Dextromethorphan (DXM) is one of the most widely used non-

opioid cough suppressants. Recent evidence indicates that DXM inhibits

osteoclast differentiation and activity, but its role in stem cells regulation

remains unclear. In this study, we determined whether DXM regulates

osteogenic differentiation in rbMSCs. Here we use DXM (10, 30, 50 µM) as

treatments for osteogenic differentiation with osteogenic medium in

rbMSCs. After 22-24 days induction, the Alizarin Red S Staining were used

to analysis calcium accumulation and mRNA level of osteogenic marker,

OPN and OCN were evaluated by qPCR. In order to confirm the mechanism

of DXM in osteogenic differentiation, we detect TAZ, Wnt1 and BMP-2,

those are known as the key modulation factors in osteogenesis. Our data

shows treats with DXM inhibits osteogenic differentiation through

upregulation of TAZ expression. In conclusion, the results reveal DXM has

an osteogenic potential on rbMSCs, and the effects of DXM mediated via

TAZ expression. (COI:No)
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Many studies about cell volume regulation of mammalian cells have been

reported. When mammalian cell was exposed under osmotic perturbation,

cell volume was suddenly swollen or shrunken. After the cell volume

changes, the cell size are able to recover to its original cell size by cell

volume regulation systems, namely regulatory volume decrease (RVD) or

regulatory volume increase (RVI). In the pluripotent stem cell study fields,

researchers focus on the ability of the pluripotent stem cells to

differentiation and its control. On the other hand, physiological properties

of the pluripotent stem cell are not known well. Here we discuss that the

properties of pluripotent stem cells volume regulation. (COI:No)
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Currently, as a method that replaces transplantation, research of cardiac

regenerative medicine using iPS cells is actively studied. However, there is

a problem that differentiation rate of iPS cells into cardiomyocytes is low in

current cell culture methods. We therefore performed experiments to test a

hypothesis that vascular endothelial cells affect cardiac differentiation rate

of iPS cells. Specifically, we co-cultured human umbilical vein endothelial

cells (HUVEC), human gingival fibroblast cells (HGF), and iPS cells three

dimensionally. Then we performed morphological observation by phase-

contrast microscopy and immunostaining using collagen and matrigel as

culture substrates. It was revealed that co-culture of HUVEC-HGF-iPS

cells showed an aggregate in collagen gel but not in matrigel. Expression of

troponin T (TNNT2), a cardiac differentiation marker, was evident in the

cell aggregate. Under the presence of HUVEC, strong expression of TNNT2

was observed while size of the aggregate was small. From these results, it

was suggested that HUVEC stimulates cardiac differentiation of iPS cells.

(COI:No)
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[Background] Plasminogen Activator inhibitor-1 (PAI-1), the principle

inhibitor of plasminogen activators, plays essential role not only in the

regulation of fibrinolysis but other functions including angiogenesis. We

have identified distinct PAI-1 deficient patient having apparent phenotypes

of severe bleeding and impaired wound healing. We have investigated the

intrinsic function of human PAI-1 in endothelial cells (ECs) using iPS cells

established from the patient. [Methods] iPS cells from patient were

generated, differentiated to ECs, and isolated. We analyzed their functions

and the related gene expressions. [Results] (1) ECs derived from PAI-1 iPS

cells (PAI-1 iPS-ECs) detached from dish bottom easier than control. (2)

PAI-1 iPS-ECs migrated faster in migration assay. (3) The expression of

Dll4 gene, known to be associated with the region of angiogenic-edge, so-

called tip cells, was enhanced, and the number of branching in tube

formation assay was less in PAI-1 iPS-ECs. (4) In in-vitro endothelial

sprouting assay, tube-like vascular formation was less mature and tip-like

cells were dominant in PAI-1 iPS-ESs. [Conclusion] Impaired vascular

sprouting, due to dominance of tip-like cells, seems to be responsible for

impaired angiogenesis and wound healing in human PAI-1 deficiency. (COI:

No)
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In the process of coagulation, coagulation factor IX (F9) is activated by

cleavages that release an activating peptide (F9-AP) between light chain

and heavy chain. Recently, we have reported that F9-AP improves the

barrier function of endothelial cells. In this study, the effects of F9-AP

under hypoxic condition were investigated in vitro and in vivo. Human

umbilical vein endothelial cells (HUVEC) were cultured for 6 hours under

hypoxic condition with a chemically synthesized F9-AP peptide (100 ng / ml)

or vehicle. Cell proliferation were measured and induction of apoptosis was

evaluated by immunocytochemistry. Production of reactive oxygen species

(ROS) was evaluated by dichlorofluorescin diacetate and by western blot

with an antibody to carbonylated proteins. To generate pneumonedema

model mice, mice were injected intravenously with lipopolysaccharide and

saline (20% of body weight). To the model mice, F9-AP (350 ng/g body

weight) or PBS was administrated intravenously. Cell proliferation rate

increased 47.6% by F9-AP. Immunocytochemistry showed that the number

of cells stained with an anti-cleaved caspase-3 and annexin V decreased by

90.3 and 87.6% with F9-AP, respectively. The ROS generation decreased by

15.6% and carbonylated proteins decreased by 63% with F9-AP. The

survival duration of the control mice was 0.5 +- 0.7 day. In contrast, that of

treated mice was 1.1 +- 1.0 day. F9-AP has a potential to treat hypoxia with

pneumonedema. (COI:No)
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PI3K family, which comprises three classes, regulates diverse cellular

processes. In contrast to the well characterized class I and class III PI3Ks,

physiological roles of class II PI3Ks, which generate PtdIns(3)P and

PtdIns(3,4)P
2
 were not well understood. We recently found that among

three members of class II PI3Ks, the α isoform (PI3K-C2α) plays a crucial

role in endocytosis of cell surface receptors and subsequent endosomal

signaling in endothelial cells (EC) to contribute angiogenesis. The class II

PI3K β isoform (PI3K-C2β) is also expressed in EC. However, its function is

unknown. In the present study, we studied roles of PI3K-C2α and PI3K-C2β
in fluid phase pinocytosis, by which EC physiologically transport a large

amount of water and macromolecules between the plasma and the

interstitial fluid compartments. HUVEC showed vigorous pinocytosis, as

determined by the uptake of FITC-dextran added to the culture media.

Knockdown of either PI3K-C2α or PI3K-C2β substantially inhibited

pinocytosis. There was no additive effect of double knockdown of PI3K-C2α
and PI3K-C2β on pinocytosis, suggesting that these isoforms may be acting

in a linear pathway. The inhibition of dynamin or clathrin also suppress

FITC-dextran uptake. These observations suggest that PI3K-C2α and

PI3K-C2β play non-redundant essential roles in pinocytosis in EC. (COI:

No)
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We recently unveiled a crucial role of class II PI3K in vascular formation.

The regulation of 3’-polyphosphoinositides (3’-PPI) levels in the plasma

membrane and cell organelle membrane is not well understood. We found

that among myotubularin-related protein (MTMR) family members, the

expression of MTMR4 is relatively abundant in endothelial cells and

epithelial cells. In this study, we investigated the intracellular distribution

and functions of MTMR4 in human lung alveolar epithelium-derived A549

cells. In A549 cells, MTMR4 was localized mainly in the late endosomes,

lysosomes and autophagosomes. Knockdown of MTMR4 by the specific

siRNA increased the number and size of PtdIns(3)P-positive vesicles, most

of which were the late endsomes and lysosome-fused late endosomes.

MTMR4 knockdown also impaired motility, fission and fusion of PtdIns(3)P-

positive endosomes. Amino acid deprivation stimulated autophagy with the

nuclear translocation of starvation-stress responsive transcription factor-

EB (TFEB). MTMR4 knockdown did not inhibit autophagosome formation

itself but inhibited lysosome-fusion of autophagosomes. Furthermore,

MTMR4 knockdown almost completely abolished the nuclear translocation

of TFEB and, consequently, the upregulation of the TFEB-target genes.

These findings collectively indicate that MTMR4 is essential for

autolysosome formation and TFEB activation. (COI:No)
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In antral mucous cells, Ca2+-regulated exocytosis activated by acetylcholine

(ACh) is the main mechanism for mucin release. This Ca2+-regulated

exocytosis is enhanced by NO which is produced via PPARα activation.

PPARα is believed to be stimulated by arachidonic acid (AA). However, we

do not know the amounts of AA-produced in antral mucous cells during 1

µM ACh stimulation. In this study, we measured the amounts of AA- and

NO-released from antral mucosa during 1 µM ACh stimulation. ACh

increased the amounts of NO- and AA-released from the antral mucosae. A

PLA 
2
 inhibitor inhibited the AA- and NO-release from antral mucosa.

Moreover, AACOCF 
3
, a nonmetabolic analog of AA, increased the amounts

of NO released mediated via PPARα. A PLA 
2
 inhibitor also affected the

Ca2+-regulated exocytosis in antral mucous cells, that is, it induced a

decrease in the initial peak frequency and a delayed and transient increase

in the late phase, similarly to inhibitors of PPARα and NOS1. Thus,

inhibition of AA production by a PLA 
2
 inhibitor reduced NO production by

suppressing PPARα in antral mucous cells. The amounts of AA released

were also increased by ionomycin. In conclusion, ACh accumulates AA via

PLA 
2
 by increasing intracellular Ca2+ concentration, and AA produced

activates PPARα in antral mucous cells. (COI:No)
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Glucagon-like peptide-1 (GLP-1) is secreted from small intestinal

enteroendocrine L cells. Secreted GLP-1 enhances glucose-induced insulin

secretion from pancreatic β cells and reduces appetite. It has been revealed

that bacterial metabolites including short chain fatty acids and indole

modulate GLP-1 secretion from enteroendocrine L cells. In the present

study, we focused on an another bacterial metabolite S-equol which is

structurally similar to estrogen. Although S-equol suppresses feeding

behaviors in female rats, the precise molecular mechanisms of anorectic

action of S-equol have not been elucidated. We therefore hypothesize that S-

equol suppresses food intake via facilitating GLP-1 secretion from

enteroendocrine L cells. We found that nuclear estrogen receptors (ER) and

G protein-coupled estrogen receptor (GPR30) were expressed at mRNA

levels in enteroendocrine L cell line GLUTag cells. Application of S-equol

significantly increase the intracellular Ca2+ concentration ([Ca2+]
i
) in

GLUTag cells. Co-administration of GPR30 antagonist, but not ER

antagonist, significantly suppressed the S-equol-induced [Ca2+]
i
 increase.

Furthermore, inhibition of phospholipase C suppressed the S-equol-induced

[Ca2+]
i
 increase. Taken together, these results suggest that S-equol induces

the [Ca2+]
i
 increase through the activation of Gq signaling pathway, and

promotes GLP-1 secretion from enteroendocrine L cells. (COI:No)
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Glucagon-like peptide-1 (GLP-1), a peptide hormone secreted from small

intestinal enteroendocrine L cells in response to nutrients in food (i.e.,

glucose, amino acids, and fatty acids), facilitates the glucose-stimulated

insulin secretion from pancreatic β cells and maintains the plasma glucose

level. Recent studies have been shown that L-amino acids, especially L-

glutamine, strongly provoke GLP-1 secretion from enteroendocrine L cells.

However, the precise molecular mechanisms of L-glutamine-induced GLP-1

secretion have not been elucidated yet. To address this question, we used

GLP-1 secreting mouse enteroendocrine L cell line GLUTag cells. We found

that the application of L-glutamine to the cells significantly increased both

intracellular Ca2+ and cAMP concentration ([Ca2+]
i
 and [cAMP]

i
,

respectively), whereas other L-amino acids had effect only on [Ca2+]
i

increase. Reduction of extracellular Na+ significantly inhibited the L-

glutamine-induced [Ca2+]
i
 increase, whereas had little effect on the [cAMP]

i

increase. We next applied the pan-G protein inhibitor, BIM-46187, to the

cells, which significantly suppressed both [Ca2+]
i
 and [cAMP]

i
 increases.

Taken together, these results suggest that there may exist an unidentified

L-glutamine-sensitive G protein-coupled receptors which are coupled to Gs

signaling. (COI:No)
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The neurohypophysial hormone, oxytocin (Oxt), reportedly stimulates

insulin release from pancreatic islets, however, direct action of Oxt on islet

insulin-releasing β-cells remains to be determined. This study aimed to

clarify whether Oxt directly interacts with and activate β-cells. In mouse

isolated islets, Oxt significantly increased 8.3 mM glucose-induced insulin

release in a concentration-dependent manner without altering basal insulin

release at 2.8 mM glucose. Oxt potentiated glucose (8.3 mM)-induced

[Ca2+]i increases in β-cells as monitored by fura-2 microfluorometry,

without altering basal [Ca2+]i levels at 2.8 mM glucose. In the presence of

L-371257, an Oxt receptor antagonist, Oxt failed to potentiate [Ca2+]i in β-

cells, indicating interaction of Oxt with its receptor. The β-cell [Ca2+]i

response to Oxt was attenuated by Gq-protein inhibitor YM-254890 and by

L-type Ca2+ channel blocker nifedipine. Furthermore, flufenamic acid, a

non-selective cation channel blocker, inhibited the Oxt-induced [Ca2+]i

increases. These results demonstrate that Oxt directly interacts with β-

cells, enhancing glucose-induced [Ca2+]i increase and insulin release. Oxt

may glucose-dependently activates Gq-mediated non-selective cation

channels to promote Ca2+ influx through L-type Ca2+ channels, providing a

potential molecular target to treat type 2 diabetes. (COI:No)
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ADAMTS9 is a metalloprotease that cleaves components of the

extracellular matrix and is also implicated in intracellular protein

transport. ADAMTS9 has a unique C-terminal domain called the “GON

domain”. The function of intracellular protein transport is dependent on

GON-domain, but independent of the protease activity. It has been reported

that an ADAMTS9 gene variant is associated with type 2 diabetes. In order

to understand the molecular mechanisms of ADAMTS9 in Type 2 diabetes,

we first investigated whether ADAMTS9 is involved in insulin-stimulated

glucose uptake using 3T3-L1 adipocytes. Depletion of ADAMTS9 decreased

insulin-stimulated glucose uptake in differentiated 3T3-L1-derived

adipocytes. This phenotype was rescued by the expression of the GON

domain. Next, we investigated the localization of GLUT4. Depletion of

ADAMTS9 inhibited insulin-stimulated GLUT4 translocation to the cell

surface. Furthermore, we found that ADAMTS9 depletion increased the

lipid droplet size and decreased the amount of triglycerides in 3T3-L1

adipocytes. We then evaluated whether the expression levels of genes

involved in lipid synthesis changed by ADAMTS9 depletion, because PC

synthesis and PEMT activity regulates LD sizes in adipocytes. ADAMTS9

depletion reduced expression of a number of lipogenic genes. Our data

suggest that ADAMTS9 is involved in insulin signaling and lipid synthesis

in the adipocyte. (COI:No)
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Mesenchymal stem cell (MSC) of the bone marrow have the ability to self-

renew and differentiate mainly into adipocytes and osteoblasts in the

skeleton. If the number of adipocyte cells increases and the number of

osteoblast cells decreases, osteoporosis can result. Recent study shows that

some types of medicines cause bone loss associated with an increase in bone

marrow adipocyte. Dextromethorphan (DM), cough-suppressant medicine,

is used for its anti-inflammatory effects in neuronal. Moreover, DM inhibits

osteoclast differentiation by suppressing RANKL-induced nuclear factor-kB

activation. Therefore, we investigated rat bone marrow-derived

mesenchymal stem cells (rbMSCs) with DM on adipogenic differentiation.

And then, to understand the mechanism of DM effect on rbMSCs, we used

an in vitro adipogenic differentiation model to characterize cellular

responses. The rbMSCs were differentiated for 10-13 days, and treated

different concentrations of DM with adipogenic medium. The oil red O

staining were used to analysis lipid droplet accumulation and the mRNA

expression of PPAR gamma, G3PD, TAZ, and Wnt1 were determined by

real-time-PCR. As expected, DM enhanced adipogenic differentiation of

rbMSCs in dose-dependent manner. However, the mRNA expression of

PPAR gamma, G3PD, and TAZ was higher, but the mRNA expression of

Wnt1 was lower in treated adipogenic medium with DM compared to

treated with adipogenic medium. In summary, DM enhances adipogenic

differentiation, perhaps through upregulation of PPAR gamma, G3PD, TAZ

and downregulation of Wnt1. (COI:No)
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Intracellular Mg2+ is important for diverse physiological functions. TRPM7

is a non-selective cation channel which permeates Mg2+ and thought to be

involved in regulation of [Mg2+]
i
. We have previously reported that

pharmacological blockade of TRPM7 inhibited insulin-dependent glucose

uptake in fully differentiated 3T3L1 adipocytes [ref.1]. In the present study,

we explored the effects of TRPM7 downregulation by RNA interference on

physiological functions in 3T3L1 adipocytes. Treatment with small-

interfering (si) RNA targeting TRPM7 for 2 days resulted in ~80%

knockdown of TRPM7 mRNA in 3T3L1 adipocytes. Consistently, whole-cell

recordings revealed that TRPM7 currents were decreased to 23±7% of non-

targeting siRNA-treated adipocytes. Insulin stimulated glucose uptake

similarly in control and TRPM7 knockdown adipocytes. Glycerol released in

the culture medium was measured at 30, 60, and 120 min after stimulation

by isoproterenol. There were no significant differences between control or

TRPM7 knockdown adipocytes. Moreover, adipokines namely adiponectin,

endocan, IGF-II, IGFBP-3, IGFBP-6, lipocalin-2, MCP-1, M-CSF, pentraxin

3, pref-1, RANTES, resistin, serpin E1, TIMP-1, and VEGF were similarly

released in the culture medium from control and TRPM7 knockdown

adipocytes. Taken together, TRPM7 downregulation had no significant

impact on physiological functions so far examined in adipocytes. [ref.1]

Inoue et al., J. Physiol. Sci. 63:S250, 2013 (COI:No)
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Mosquito vectors have long been recognized as a crucial determinant for

transmission of malaria and other epidemic diseases in tropical and

subtropical areas. Transient receptor potential channel, subfamily A,

member 1 (TRPA1) channel of mosquito is a key transducer of various

sensory stimulations, which plays an important role in nociception and its

orthologues have been reported to be specific repellent targets.

Nevertheless, the physiological characteristics of malaria mosquito TRPA1

channels are not completely unveiled. In this project, two TRPA1 isoforms

of Anopheles gambiae (Ag), Anopheles stephensi (As) and Aedes aegypti (Aa)

mosquitoes, TRPA1a and TRPA1b were investigated. Here we cloned

TRPA1 channel genes of those mosquito species. It was examined whether

TRPA1a/b are activated by both heat and several naturally produced

aldehydes through calcium-imaging and whole-cell patch-clamp recording.

Subsequent investigations on mosquito TRPA1 isoforms indicated that the

length of the N-terminal domain may be a critical determinant in detecting

heat and chemical irritants stimuli. Moreover, the temperature thresholds

for heat-evoked activation of AgTRPA1b and AaTRPA1b have been

calculated to be quite similar. By further laboratory assays of the behavior

of mosquitoes with the potential repellents, better understanding of TRPA1

functions of different mosquito species will be achieved and new control

methods for mosquito could be developed. (COI:No)
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Transient receptor potential melastatin 6 (TRPM6) channel is expressed in

the distal tubule of the nephron and involved in the reabsorption of Mg2+.

Epidermal growth factor receptor (EGFR) inhibitors cause

hypomagnesemia, but chemotherapy to treat this has not yet been

developed. We reported previously that the expression of TRPM6 is up-

regulated by EGF in renal tubular epithelial NRK-52E cells. EGF-induced

elevation of TRPM6 expression was blocked by EGFR inhibitors. Here, we

found that tumor necrosis factor-TNF-α (TNF-α) increases TRPM6

expression in the presence of EGFR inhibitor. Therefore, we investigated

what molecules are involved in the up-regulation of TRPM6 expression by

TNF-α. EGF increased the levels of phosphorylated extracellular signal-

regulated kinase 1 and 2 (p-ERK1/2), which were inhibited by EGFR

inhibitor. TNF-α did not change p-ERK1/2 levels, but increased the

phosphorylation and nuclear localization of nuclear factor-κB (NF-κB),

which were blocked by BAY 11-7082, an NF-κB inhibitor. Similarly,

luciferase reporter activity of human TRPM6 was increased by TNF-α,

which was blocked by BAY 11-7082. A chromatin immunoprecipitation

assay revealed that NF-κB binds to the κB-binding site, which was blocked

by BAY 11-7082. These results suggest that TNF-α reverses the EGFR

inhibitors-induced reduction in Mg2+ reabsorption mediated by the

elevation of TRPM6 expression. (COI:No)
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We previously reported that TNF-α stimulated activity of an inwardly

rectifying K+ channel in cultured human proximal tubule cells (RPTECs)

through activation of the PKA- and p38-mediated phosphorylation

processes. Furthermore, we confirmed that TNF-α stimulated activity of a

Ca2+-dependent large-conductance K+ (BK) channel, as well. In this study,

we investigated whether TNF-α caused an increase in intracellular Ca2+

concentration ([Ca2+]
i
), which was prerequisite for the activation of a BK

channel. Fura-2 Ca2+ imaging revealed that TNF-α (20 ng/ml) increased

[Ca2+]
i
, which was blocked by a TNF receptor antagonist, R-7050 (5 µM).

The effect of TNF-α on [Ca2+]
i
 was not observed when extracellular Ca2+

was removed, suggesting that the increase in [Ca2+]
i
 was induced by entry

of extracellular Ca2+. To explore Ca2+ entry pathways, we used blockers of

Ca2+-permeable channels. We found that a blocker of TRPC1 and 6, GsMTx-

4 (2 µM), significantly suppressed the effect of TNF-α on [Ca2+]
i
. RT-PCR

analysis demonstrated that the mRNA of TRPC1, but not of TRPC6, was

expressed in RPTECs. These results suggested that binding of TNF-α to its

specific receptor stimulated the TRPC1-dependent Ca2+ entry, causing an

increase in [Ca2+]
i
 in RPTECs. (COI:No)
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Although electroconvulsive therapy (ECT) is potent therapy against

severely depressed patients, the exact therapeutic mechanism remains to

be elucidated. In the present study, we are trying to identify the mode of

action of ECT focusing on the calcium ion (Ca2+) signaling, which is at the

heart of intracellular signaling networks, by using depression-like model

mice. Depression-like model mice (Dep group) were produced by the water

immersion stress for 15 days. The depressive state was confirmed by social

interaction test, forced swimming test, and tail suspension test. The protein

level of ryanodine receptors (RyRs) and CaMKII in the hippocampus of both

the Dep group and normal control (Nor group) were investigated by

Western blot analysis. The pCaMKII/CaMKII ratio was decreased in the

Dep group compared with Nor group, while all RyRs subtypes (RyR1, RyR2,

RyR3) were increased, especially RyR2. These results suggest that RyRs

induced Ca2+ signaling is influenced by the depressive condition. We are

going to examine the effects of ECT on Ca2+ signaling pathway in the both

Dep and Nor group. (COI:No)
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Ca2+ and cAMP are believed to independently control ciliary beating

activities. However, we have found that Ca2+ controls cAMP-mediated

activation process of ciliary beat frequency (CBF) via modulation of the

cAMP content by regulating PDE1 activity. Switching the extracellular

Ca2+ concentration from 1.5 mM to nominally Ca2+-free caused no changes

in cAMP contents, while cAMP contents were increased by incubation in a

Ca2+-free solution with BAPTA-AM or EGTA. CBF decreased in a

nominally Ca2+-free solution, but increased by application of BAPTA-AM or

EGTA in a Ca2+-free solution. This CBF increase was abolished by the prior

treatment of PKI-amide, a PKA inhibitor. These results indicate that: 1) the

decrease in CBF induced by a nominally Ca2+-free condition is due to a

decline in the intracellular Ca2+ concentration ([Ca2+]
i
), but not cAMP

contents; 2) the BAPTA-AM- or EGTA-induced increase in CBF is caused by

elevation of cAMP contents via low [Ca2+]
i
-induced inhibition of PDE1. The

ionomycin-induced elevation of [Ca2+]
i
 slowed the time-course in procaterol

(β
2
-agonist) stimulatory action on CBF by delaying the cAMP accumulation

via elevation of PDE1 activity. Thus, [Ca2+]
i
 affects the cAMP-activating

process in CBF by modulating the procaterol-induced cAMP accumulation

via modulation of PDE1 activity. (COI:No)
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Objective: The coagulation factor XIa (XIa) is a serine proteinase that plays

a key role in the intrinsic pathway. We found that XIa induces Ca2+ signal

in rat aorta smooth muscle A7r5 cells via proteinase-activated receptor 1

(PAR
1
). Here we investigated the underlying mechanisms. Main results: In

the absence of extracellular Ca2+ ([Ca2+]
o
), 100 nM XIa induced no [Ca2+]

i

elevation in A7r5 cells. However, subsequent replenishment of [Ca2+]
o
 to 2

mM induced a sustained [Ca2+]
i
 elevation due to the Ca2+ influx from the

extracellular space (27.8 ± 1.8% of that obtained with 50 µM ionomycin, n =

7). Thapsigargin, an inhibitor of endoplasmic Ca2+ ATPase, induced Ca2+

influx with substantial Ca2+ release, via store-operated Ca2+ influx channel

(SOC). The XIa-induced sustained [Ca2+]
i
 elevation was completely

inhibited by 10 µM diltiazem, a L-type Ca2+ channel blocker (0.5 ± 0.4%, n =

4), when applied at the time of Ca2+ replenishment. However, it was

resistant to 3 µM YM-58483, a SOC blocker (23.6 ± 1.3%, n = 4), and 3 µM

Pyr3, a blocker of transient receptor potential canonical 3 channel (23.9 ±

1.0 %, n = 4). In contrast, the thapsigargin-induced Ca2+ influx (37.9 ± 1.4%,

n = 4) was resistant to 10 µM diltiazem (37.0 ± 2.0%, n = 4), while it was

completely abolished by 3 µM YM-58483 (1.7 ± 1.0%, n = 4) or 3 µM Pyr3 (-

1.1 ± 1.2%, n = 4). Conclusions: XIa induces Ca2+ influx via L-type Ca2+

channel in vascular smooth muscle cells. The mechanism is distinct from

that involved in the thapsigargin-induced Ca2+ influx. (COI:No)
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Repetitive increases in cytosolic Ca2+ concentration ([Ca2+]
cyt

), or Ca2+

oscillations, are induced in mammalian eggs by the fertilizing spermatozoa,

and their temporal pattern is believed to be important for the normal

embryogenesis. Each transient rise in [Ca2+]
cyt

 during the oscillations is

due to the release of Ca2+ from the endoplasmic reticulum (ER). The release

rate is dependent on the luminal Ca2+ concentration in the ER ([Ca2+]
ER

),

the changes of which should be affected by Ca2+ binding proteins (CBPs)

acting as Ca2+ buffers in the ER. In the present study, we examined the

effects of the overexpression of calreticulin (Calr) and calsequestrin (Casq),

which are low-affinity, high-capacity CBPs abundant in the ER lumen, on

the pattern of Ca2+ oscillations induced in mouse eggs by sperm-borne egg-

activating protein, PLCζ. In the eggs overexpressing Casq, the magnitude of

the first transient Ca2+ rise was larger and the frequency of later repetitive

rises was lower than in control eggs, whereas neither of them were affected

by the overexpression of Calr. This unexpected result may be explained by

the difference in the affinity of Casq and Calr to Ca2+. Alternatively, it may

suggest additional roles of Casq in regulating Ca2+ release or Ca2+ uptake,

other than as simple Ca2+ buffers in the ER. Possible roles of the CBPs in

the pattern formation of Ca2+ oscillations will be discussed, referring to the

results of the measurement of the changes in [Ca2+]
ER

, using a novel Ca2+

probe that shows improved subcellular localization in the ER. (COI:No)
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Suramin is an activator of ryanodine receptors and competitively binds to

the calmodulin-binding site. In addition, S100A1 and calmodulin compete

for the same binding site on ryanodine receptors. We therefore studied the

effects of suramin on protein phosphatase 5 (PP5) and S100-activated PP5.

In the absence of S100 proteins, suramin bound to the tetratricopeptide

repeat (TPR) domain of PP5 and activated the enzyme in a dose-dependent

manner. In the presence of S100A2/Ca2+, lower concentrations of suramin

dose-dependently inhibited PP5 activity as an S100 antagonist, whereas

higher concentrations of suramin reactivated PP5. Although the C-terminal

fragment of heat shock protein 90(HspC90) also weakly activated PP5, the

binding site of suramin and HspC90 may be different, and addition of

suramin showed no clear effect on the phosphatase activity of PP5. Similar

biphasic effects of suramin were observed with S100A1-, S100B- or S100P-

activated PP5. However, the inhibitory effects of lower concentrations of

suramin on S100A6-activated PP5 are weak and high concentrations of

suramin further activated PP5. SPR and the cross-linking study showed

inhibition of the interaction between S100 protein and PP5 by suramin. Our

results revealed that suramin is a novel PP5 activator and modulates S100-

activated PP5 activity by competitively binding to the TPR domain. (COI:

No)
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The final goal of the study is to reveal some interactions in sensory

mechanisms to mechanical stimulation (MS) of fibroblast-like synoviocytes

(FLS) co-cultured with dorsal root ganglionic neurons. Previous our study

demonstrated that MS of FLS elicit Ca2+ -dependent signal transductions

from FLS to sensory neurons; this response of FLS to MS includes Ca2+

release from the intracellular store and Ca2+ influx through the TRPV4

channels. In the present study, we focused on the contribution of calcium-

release activated calcium channel (CRAC) to the response of FLS to MS.

Mouse primary FLS were cultured for 48 hours. Intracellular Ca2+

concentrations ([Ca2+]
i
) of FLS was measured with loaded Fluo-3AM. Twice

MS with a glass micropipette elicited immediately twice [Ca2+]
i
 increasing

responses in the presence of extracellular Ca2+. YM58483 (CRAC blocker)

did not alter the twice responses of FLS. To activate CRAC, thapsigargin

was applied to FLS under Ca2+-free conditions, but the subsequent addition

of 2 mM Ca2+ showed no Ca2+ influx response. The result suggested the

possibility that CRAC was not expressed or not activated in normal mouse

FLS. (COI:No)

3P-155
%��������������������	&���������5$&����	��	��

������	�	��+�������	��	����	�����������	�����	��

���������������

&������������
�
 �����������2��

�
 �$�������������

�

�
����� .�,��
��� /�.��� -������ +����

�
���� ���� ���
��� ���
 �� -��� ����

-���������� �������
�
��+��

We demonstrated that shear stress stimulation produced cell surface F1/Fo

ATP synthase-dependent co-release ATP and H+ in human pulmonary

arteriolar endothelial cells, resulting in the stress strength-dependent CO
2

gas excretion (J Cell Physiol 227:2059-2068 2012; AJP 308:L1224-L1236

2015). In addition, we reported that shear stress-induced ATP-mediated

endothelial constitutive nitric oxide synthase expression in human

lymphatic endothelial cells (AJP 298:C647-C655 2010). Thus, to address

physiological roles of flow through small intestine in the function of jejunum

and ileum and gut immunology, we have next attempted to investigate the

effects of shear stress stimulation on the cultured human neonatal

intestinal epithelial cells. The present study showed that shear stress

stimulation caused a significant release of ATP from the epithelial cells and

that cell surface F1/Fo ATP synthase was also immunocytochemically

observed on the cultured cells. In addition, we confirmed that ATP released

by the shear stress stimulation from the epithelial cells induced a marked

expression of podoplanin on the cells, which was significantly reduced by

the pretreatment with suramin, being a non-selective purinergic P2X/2Y

receptor antagonist. We have continued to clarify physiological meanings of

the finding of shear stress stimulation-mediated ATP-dependent expression

of podoplanin in the cultured human intestinal epithelial cells using cell

barrier pearmeability assay. (COI:No)
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Introduction: Invasion of Glioblastoma (GBM) cells into normal brain is the

major cause of poor prognosis and requires dynamic reorganization of the

actin cytoskeleton, which includes lamellipodial protrusions, focal

adhesions, and stress fibers at the leading edge of GBM cells. Therefore, we

hypothesized that inhibitors of actin polymerization can suppress GBM

migration and invasion. Materials and Methods: We adopted a drug

repositioning system for screening with a pyrene-actin-based actin

polymerization assay and identified fluvoxamine, a clinically used

antidepressant. Fluvoxamine, selective serotonin reuptake inhibitor, was a

potent inhibitor of actin polymerization and confirmed as drug penetration

through the blood brain barrier (BBB) and accumulation of whole brain

including brain tumor with no drug toxicity. Results: Fluvoxamine inhibited

serum-induced ruffle formation, cell migration, and invasion of human

GBM and glioma stem cells in vitro by suppressing FAK signaling.

Fluvoxamine showed no drug toxicity. Daily treatment of athymic mice

bearing human glioma-initiating cells with fluvoxamine blocked tumor cell

invasion and prolonged the survival with almost same doze of anti-

depressant effect. Conclusions: Fluvoxamine is a promising anti-invasive

treatment against GBM with reliable approach. (COI:No)
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Malignant tumor ranks as the number-one cause of death in Japan, mainly

because of its live-threatening features, namely invasion and metastasis.

Therefore, we attempted to develop a new therapeutic approach in which

cancer cells could be transformed into the benign state by suppressing the

metastasis and invasion, instead of “removing or killing cancer cells”.

Paxillin is a molecule that locates at the focal adhesion. In our laboratory,

paxillin is found as a novel signal molecule binding to the activated Fyn,

and we found that its binding site for the activated Fyn is in the N-

terminus. Furthermore, our previous results implicated the possible role of

paxillin in cell migration and invasion, although it was not conclusive. In

this study, we observed four sites of tyrosine phosphorylation (i.e., Tyr31,

Tyr88, Tyr118 and Tyr181) at the N-terminus of paxillin in breast cancer

cells. Immunofluorescent staining showed that p-Tyr118 and p-Tyr181 were

scattered over cytoplasm, but p-Tyr31 and p-Tyr88 were localized at the

both ends of F-actin. Furthermore, the levels of p-Tyr31 and p-Tyr88 were

increased as the stimulation time with TGF-β1. Therefore, we think that

the phosphorylation of Tyr31 and Tyr88 play an important role in cancer

cell migration and invasion. (COI:No)
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EAG2 channel is highly expressed in medulloblastoma and some other

cancer cells. Enhanced K+ conduction through the channel is proposed to

facilitate premitotic condensation leading to rapid cell proliferation in

cancer cells. We have previously found that raised intracellular Ca2+

concentration causes proteolytic cleavage of the channel protein, releasing a

C-terminal cytosolic fragment. Furthermore, the released fragment retains

the ability to reduce cell volume and localizes at the plasma membrane.

Here, we report that a portion of this cytosolic fragment with approximately

50 amino acids in length is sufficient for plasma membrane localization and

cell volume reduction. This short peptide also stimulates normal and

anchorage-independent cell proliferation of HEK293 cells. We are currently

testing if this short peptide may increase K+ and/or Cl- conductances

present in these cells. These investigations will reveal a novel mechanism

controlling cancer cell proliferation, a potential target for oncotherapy.

(COI:No)

3P-159
������������

�
������������	���	��������������������+������

�	����	��	
���������������	������	�����
�������	���������

��	���"�-�N�����

�������$�
���
���

 ��������&�������
�
 �����������������

�
 �

3�-������.�
�
 ������
���&��
���

���

�
������
�������.�,��
���1	��-�������-����),
�
�.	�8���� ������),
�
��+���

�
�������
5�
�
������1	�� -�������-���� ),
�
�.	�8���� ������),
�
�� +���

�
�����-�	����� ��������-�	���1	��-�������-����),
�
�.	�8���� ������),
�
�

+��

Our previous study revealed that cytosolic Cl- affected neurite elongation

promoted by assembly of microtubule in rat pheochromocytoma PC12D cells

and Cl--induced blockade of intrinsic GTPase enhanced tubulin

polymerization in vitro. Paclitaxel (PTX) is a microtubule-targeted

chemotherapeutic drug and stabilizes microtubules resulting in mainly

blocking of mitosis at metaphase-anaphase transition and induction of

apoptosis. Accordingly, in the present study, we tried to clarify whether the

cytosolic Cl- affected PTX-induced cell death and microtubule dynamics in

the gastric cancer cell line, MKN28. The decline of cytosolic Cl- weakened

the cytotoxic effect of PTX on cell proliferation and MKN28 cells could pass

through metaphase-anaphase transition. Moreover, in vitro PTX-induced

tubulin polymerization was inhibited under the low Cl- condition. Our

results suggest that if we could artificially modify the cytosolic Cl-

concentration in cancer cells, we can enhance the antitumor effects of PTX.

Taken together, we conclude that the cytosolic Cl- would be one of the key

targets for anticancer therapy. (COI:No)
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Hesperetin (3’, 5, 7-trihydroxy-4’-methoxyflavanone) is found in citrus

fruits. Previous studies have shown that it has anticancer effects in vivo

and in vitro, but its molecular mechanism remains unclear. On the other

hand, induced NO synthase (iNOS) have been known to be potential targets

to cancer therapy. Moreover glyceraldehyde-3-phosphate dehydrogenase

(GAPDH) is reported to be related to cell death. And glucose transporter 1

(GLUT1) is critical for cancer cells because of glucose uptake. Therefore it is

suggested that they are potential targets to care some kinds of cancer. This

study aimed to reveal the action and molecular mechanism underlying

anticancer effect of hesperetin to the cancer cells, especially GOTO, IMR-32,

U937 and U2OS cells. Hesperetin induced cell death and modified cell cycle

in cancer cells. Western blotting revealed possible effects in both GAPDH

and GLUT1 expression. Immunocytochemistry of GOTO cells indicated that

nuclei of subpopulation of the iNOS-positive cells were also stained by anti-

GAPDH antibody. Therefore, these results indicate that hesperetin may

induce cell death via pathway related GAPDH and GLUT1 and modify cell

cycle. Moreover we are analyzing the expression variation of cancer cells

treated with hesperetin at the genetic level. (COI:No)
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Although immunodeficient mice have usually been employed for the

investigation of mechanisms underlying distant cancer metastasis, they are

not suitable for the evaluation of the involvement of tumor immunity. We

established a novel distant metastasis model, in which we transplanted C6

glioma cells in the subcutaneous tissue of neonatal Wistar rats; the

transplanted rats developed metastatic tumor mass in the lung 3 or 4 weeks

later. We have found the expression of CD200S in the ischemic rat brain, a

truncated form of an immunosuppressive molecule CD200 (CD200L). In

contrast to CD200L, CD200S has a marked anti-tumor effect in a rat

glioblastoma model through its stimulating effects on TAM- and T cell-

based anti-tumor immunity. We transplanted C6 cells expressing CD200S

or CD200L in the neonatal rat back, C6-CD200L cells caused higher

incidence in the metastasis. To find responsible factors in the metastasis,

we compared comprehensive mRNA expression in C6-CD200S and L using

the next generation sequencer. Consequently, expression of various

chemokines in the CD200L tumors was more markedly suppressed than

that in the S tumors. Thus, the suppressed tumor immunity may be

responsible for the distant metastasis. These results suggest that the

distant cancer metastasis may be at least partly attributable to the

suppressed tumor immunity. (COI:No)
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Prevention of distant metastasis is one of the final goals for the research in

cancer science. We have found much less chemokine expression and T cell

accumulation in the human metastatic colon cancer tissues in the liver

compared to those in tissues of the primary hepatocellular carcinomas, a

suggestive of a critical involvement of tumor immunity in the suppression of

distant metastasis. In this study, we established a distant metastasis model

using an immunocompetent Wistar rats. In this model, we transplanted rat

C6 glioma cells into the subcutaneous tissue of the back skin of neonatal

rats. Almost all rats developed one or more visible tumor masses in the lung

by 6 weeks after the transplantation of the cells. With the use of this distant

metastatic model, we investigated if there were significant distinctions

between primary and metastatic tumor masses in terms of tumor

immunity. Microscopic observations and FACS analyses revealed that the

number of accumulated tumor-associated macrophages in metastatic

tumors was less than that in primary tumors. Quantitative real-time RT-

PCR experiments showed much less mRNA expression for tumor-immunity

related factors chemokines CXCL9/11, CD3, or granzyme in metastatic

tumors than that in primary ones. Thus, this study employing the rat

metastasis model suggested that suppressed tumor-immunity is responsible

for the distant metastasis. (COI:No)
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D-allose, the C3-epimer of D-glucose, has an anti-proliferative effect on

various cancer cell lines. We have reported that D-allose treatment caused

up-regulation of thioredoxin interacting protein (TXNIP), an anti-tumor

protein, which causes the cell cycle arrest. Here we report another

mechanism of anti-proliferative effect caused by D-allose. The results

suggested that D-allose inhibited cancer cell growth by reducing GLUT1

expression, through the up-regulation of TXNIP in hepatocellular

carcinoma cell line HuH-7. Next we analyzed the signaling mechanisms of

TXNIP up-regulation caused by D-allose. D-allose activated the p44/p42

MAPK, and the inhibition of this pathway by PD98059 repressed the

TXNIP up-regulation. D-allose also activated p38MAPK, and its inhibition

by SB203580 repressed TXNIP up-regulation. Taken together, TXNIP is up-

regulated through both p44/p42 MAPK pathway and p38MAPK pathway.

Further analysis in model mice revealed that D-allose exerts growth

inhibitory effects on cancer cells in vivo. In addition, immunohistochemical

analysis revealed the increase of TXNIP in D-allose-treated tumor tissues.

Overall, present works elucidated physiological effects of D-allose and the

regulatory mechanisms of TXNIP in cancer cells, and would make a great

contribution to the establishment of a new strategy of cancer therapy

utilizing D-allose and TXNIP. (COI:No)
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JNK (c-jun N-terminal kinase) is a key mediator of inflammatory response

and plays fundamental roles in multiple cellular processes such as gene

expression, migration, differentiation, and cell death. The regulatory

pathway of JNK have been well documented so far, however the dynamics

of JNK activation in living cells or organisms have not been well

understood. The aim of this study was to reveal JNK dynamics in living

cells at higher resolution in time and space and understand its regulation

mechanism. Here we report the development and use of the new FRET-

based reporter for JNK activity, which allows us to monitor the JNK

activity in individual cells in real-time. Using HeLa cells, we analyzed the

property of cytokine dependent JNK signaling by applying pulsatile

transient IL-1β (interleukin-1β) stimulation to cells. We found that the

duration of JNK activation is restricted within about an hour after

stimulation and ceased thereafter despite of the prolonged duration of

cytokine stimulation. We further investigated the key signaling molecules

of this negative regulation. A MAPK-phosphatase MKP-1 turned out to be

expressed after cytokine stimulation and this phosphatase restricted

duration of JNK activity. Such negative regulation as well as MKP-1

expression was absent when p38 MAPK activity was suppressed by its

specific inhibitor SB203580. These results suggest that the duration of JNK

activation is regulated by a negative feedback mechanism involving p38-

dependent MKP-1 expression. (COI:Properly Declared)
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Apoptosis-inducing factor (AIF) induces caspase-independent apoptosis,

when it translocates from the mitochondria to the nucleus. It has been

suggested that the mitochondria-resident AIF (AIF
mit

) penetrates the inner

membrane via its N-terminus, and that the proteolytic cleavage of the N-

terminal region converts AIF
mit

 to a soluble form (AIF
sol

). In contrast, we

previously demonstrated that both AIF
mit

 and AIF
sol

 bound to the E. coli
membrane via an ionic bond. AIF also forms a dimer, when bound to

NAD(P)H. Here, we investigated the effects of NAD(P)H and ionic strength

on the interaction of mouse AIF
mit

 and AIF
sol

 with the E. coli membrane.

Increment of the ionic strength caused the membrane dissociation of AIF
mit

and AIF
sol

. Under aerobic conditions, the degree of dissociation of AIF
sol

was greater than that seen with AIF
mit

, at the ionic strength mimicking the

mitochondrial inter-membrane space. Under the anaerobic conditions, the

membrane dissociation of both AIF
mit

 and AIF
sol

 was suppressed. The

degree of the suppression was greater for AIF
sol

. The addition of NADH or

NADPH under the anaerobic condition further suppressed the membrane

dissociation of both proteins. A co-immunoprecipitation assay with

antibodies specific for tagged epitope-peptides revealed homo-dimer

formation of both AIF
mit

 and AIF
sol

 in the membrane fractions, but not in

the soluble fractions. In conclusion, both NAD(P)H and lower ionic strength

suppresses the dissociation of both AIF
mit

 and AIF
sol

 from the membrane.

(COI:No)
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When HeLa cells were exposed to cold-stress condition (4°C) for 24 h, the

cells occurred swelling and its mitochondria were seemed to damage. We

reported that the cold-stress induced cell damage was relieved by changing

the extracellular solution composition (Nagae et. al. 2016 in the Annual

Meeting of the Physiological Society of Japan). However what kinds of

events occurred in that cell was poorly understood. In this study, we

attempted to analyze the mechanisms of cold-stress cell damages by

molecular biological approaches. MTT assays and fluorescence dye (JC-1)

analysis indicated that changes of cold-stress observed more clearly at

mitochondria, thus mitochondria related genes were candidates for qPCR

analysis; those were apoptosis related gene (Bcl-2, Bcl-x, Bax, and Bad), and

mitochondria outer membrane binding protein genes (VDAC and HK).

HeLa cells were preincubated in DMEM at 37°C under 5% CO
2
 for over

night, subsequently the medium changed to HBS (150 mM NaCl, 4.5 mM

KCl, 1 mM MgSO
4
, and 1 mM Ca(NO

3
)
2
, 10 mM HEPES-NMDG (pH 7.4))

and incubated at 4°C for 24 h. Total RNA extraction, revers transcription

was performed according to manufactures protocols, and qPCR was carried

out using the cDNA as a template. During early cold stress phase, anti-

apoptotic genes and apoptotic genes were increase and decrease,

respectively. Though 24 h later, those genes level were almost the same as

before cold stress. (COI:No)
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We already reported that Cesium (Cs) could suppress HeLa cell

proliferation in dose dependent manner in the previous meeting. The

suppression of pyruvate kinase was also observed by Cs application, which

might be the reason of inhibition of cell proliferation. In this study we

investigated the expression level of several enzymes relating with the

glycolysis in Cs treated HeLa cells by RT-qPCR method. The expression of

GAPDH (glyceraldehyde-3-phosphate dehydrogenase) is generally used for

the standard as the housekeeping gene. In this study 28S rRNA was

employed as the standard because Cs might suppress the expression of

GAPDH. HeLa cells were cultured for 3 days with CsCl (0, 1, 3 and 10mM).

Cs (1mM), which dose not suppress the cell proliferation, did not effect on

the expression of GAPDH, LDH (Lactate dehydrogenase), PK (Pyruvate

kinase). Cs (3mM and 10mM) suppressed the expression of GAPDH, LDH,

PK. This dose-dependency completely agreed with the inhibition of

proliferation by Cs. The expression of HK (hexokinase) did not changed by

Cs. This suggests that the suppression of enzyme by Cs was not in a non-

specific manner. Our results suggest that Cs suppresses several glycolytic

enzymes including GAPDH, LH, PK causing the inhibition of HeLa cell

proliferation. (COI:No)
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We previously clarified that the reduction of cytosolic chloride concentration

([Cl-]
c
) inhibits the cell proliferation of gastric cancer MKN28 cells by

diminishing the transition rate from G1 to S cell cycle phase. We have also

demonstrated that there are oscillatory changes in [Cl-]
c
 during cell cycle

progression. In MKN28, the [Cl-]
c
 is gradually increased during S phase

followed by reduction of [Cl-]
c
 in M phase. These results strongly suggest

that the increment of [Cl-]
c
 plays important roles in the S phase cell cycle

progression in MKN28 cells. However, direct mechanisms involved in the

modulation of S phase progression by [Cl-]
c
 are not fully understood. To

clarify the underlying mechanisms of this phenomenon, we confirmed the

effect of Cl- on DNA replication. We developed a fluorescence-based assay

for DNA polymerase activity, based on the specific reaction of the

fluorescent dye with double-stranded DNA in vitro. By using this technique,

we investigated whether the activity of DNA polymerase is affected by

changing Cl- concentration in reaction buffers. It was found that DNA

polymerase activity of the Klenow fragment was increased in proportion to

the Cl- concentration in reaction buffers. We also confirmed that the effect

of Cl- on the DNA replication activity in the crude cell extract of MKN28.

These results strongly suggest that the [Cl-]
c
 plays important roles in S

phase cell cycle progression via regulating DNA polymerase activity. (COI:

No)
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Besides their anti-inflammatory properties, corticosteroid drugs exert anti-

allergic effects. Exocytosis of mast cells is electrophysiologically detected as

the increase in the whole-cell membrane capacitance (Cm). Therefore, the

lack of such increase after exposure to the drugs suggests their mast cell-

stabilizing effects. In the present study, using the differential-interference

contrast (DIC) microscopy, we examined the effects of 1, 10, 100 and 200 µM

hydrocortisone or dexamethasone on the degranulation from rat peritoneal

mast cells. Employing the whole-cell patch-clamp recording technique, we

also tested their effects on the Cm during exocytosis. At relatively lower

concentrations (1, 10 µM), both hydrocortisone and dexamethasone did not

significantly affect the degranulation from mast cells and the increase in

the Cm induced by GTP-γ-S. Nevertheless, at higher doses (100, 200 µM),

these drugs inhibited the degranulation from mast cells and markedly

suppressed the GTP-γ-S-induced increase in the Cm. Our results provided

electrophysiological evidence for the first time that corticosteroid drugs,

such as hydrocortisone and dexamethasone, inhibited the exocytotic process

of mast cells in a dose-dependent manner. The mast cell-stabilizing effects

of these drugs may be attributable to their “non-genomic” action, by which

they exert rapid anti-allergic effects. (COI:No)
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BACKGROUND: Timothy syndrome (TS), long-QT syndrome type 8

(LQT8), is a malignant arrhythmogenic disorder with multiorgan

abnormalities caused by mutations in CACNA1C, which encodes the L-type

calcium channel (LTCC). Recently, we reported LQT8 patients lacking

extracardiac manifestations. Here, we aim to establish a human induced

pluripotent stem cell (hiPSC)-based model of “mild form TS” and develop

pharmacotherapies. METHODS and RESULTS: We generated hiPSCs from

a LQT8 patient lacking extracardiac phenotype. Cardiomyocytes derived

from LQT-hiPSCs exhibited impaired LTCC inactivation resulting in

prolonged action potential durations. In addition, l-cis-diltiazem, a

stereoisomer of clinically used d-cis-diltiazem, restored impaired LTCC

inactivation. CONCLUSIONS: We successfully recapitulated the “mild-

form” LQT8 phenotype using an hiPSC-based model, and identified for the

first time that l-cis-diltiazem rescues the electrophysiological

abnormalities. (COI:No)
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Background: Hyperglycemia up-regulates intracellular ANG-II (angiotensin

II) production in cardiac myocytes. This study investigated the

hemodynamic and metabolic effects of azilsartan (AZIL) treatment in

mouse models of diabetic cardiomyopathy and whether the cardioprotective

effects of AZIL are mediated by angiotensin converting enzyme (ACE)-2/

ANG 1-7/Mas receptor (R) cascade. Methods: Control db/+ and db/db mice

(n=5 per group) were treated with vehicle or AZIL (3 or 10 mg/kg/kg) from

the age of 8 to 16 weeks. Echocardiography was performed and myocardial

protein levels of AT1R, ACE-2, ANG 1-7, Mas R and 3-NT were measured.

Oxidative DNA damage (8-OHdG) and inflammatory markers (TNF-alpha,

IL-6) were assessed. Results: Compared with db/+ mice, the saline-treated

db/db mice developed obesity, hyperglycemia, hyperinsulinemia and

diastolic dysfunction along with cardiac hypertrophy and fibrosis. AZIL

treatment lowered blood pressure, fasting blood glucose and inhibited peak

plasma glucose during an oral glucose tolerance test. AZIL treatment

resulted in a significant decrease in the expression of cytokines, oxidative

DNA damage and cardiac dysfunction. Further, AZIL treatment

significantly abrogated the downregulation of ACE-2 and ANG 1-7 protein

levels. Conclusion: Short term treatment with AZIL partially improved

glucose metabolism and reversed abnormal cardiac structural remodeling,

preventing cardiac dysfunction in db/db mice by modulating the ACE-2/

ANG 1-7/Mas R pathway. (COI:No)
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Cancer wasting is marked by weakness and the progressive loss of body

weight, fat, and muscle. Knowing how tumors cause muscle loss could lead

to life-saving treatments. Recently, studies have focused on addressing

these by using drugs to target the mitochondria such as HS1793, a novel

and potent analogue of resveratrol. This determined how HS1793 takes

effect in mouse myoblast C2C12 cells, and determine how the compound

regulates mitochondrial biogenesis that could possibly lead to improved

muscular conditions caused by oxidative stress and cancer drug treatment.

Screening of various doses of HS1793 showed that dosages higher than

10µM are detrimental to the cells, and were anti-proliferative. The

succeeding experiments used dosages lower than 10µM. Effects on

mitochondrial biogenesis were also analyzed. HS1793 reduced ROS

generation, but treatment did not interfere with cellular viability at low

dosages. HS1793 also enhanced mitochondrial biogenesis function by

increasing cellular and mitochondrial ATP synthesis function, but induced

multinucleation in cells as an adaptive response. HS1793 upregulated

mitochondrial biogenesis-related genes such as PGC1α, activated by AKT

and mTOR, which are considered as important regulators of skeletal muscle

function. The study shows the viability of HS1793 as a compound that can

improve mitochondrial biogenesis, potentially aiding in muscle wasting.

(COI:No)
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Aim: We aimed to investigate the synergistic effects of pulsed

electromagnetic field (PEMF) and doxorubicin (DOX) therapy in a mouse

osteosarcoma cell line (LM8 cells) in vitro. Materials and methods: The

effects of PEMF (5mT, 200 Hz, at 1 h and 12 h) and DOX on the

proliferative activity of LM8 cells were measured by MTT-assay. Apoptotic

factors such as cell cycle phase, mitochondrial membrane potential, and

caspase 3/7 activity were investigated using DAPI staining and apoptosis

kits. Identification of intracellular signaling molecules induced by the

combination was comprehensively explored using a stress and apoptosis

related protein array kit. Results: PEMF enhanced the inhibition of cell

proliferation mediated by DOX but did not affect the cell cycle,

mitochondrial membrane potential, or DOX-induced G2/M arrest. The

combination of PEMF and DOX altered a few signaling molecules. PEMF

tended to reduce the DOX-induced decrease of phosphorylated Bad, while

PEMF reduced the increased expression of total IκB and phosphorylated-

Chk1 induced by DOX. Conclusions: The up-regulation of DOX-induced

anti-cell proliferation by PEMF involved some signaling molecules. Our

results indicate that a combination of PEMF and DOX could be a novel

chemotherapeutic strategy. (COI:No)
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Michelia champaca L. is a large flowering tree and many parts of which

have been used as folk medicine against various diseases. In the present

study, we examined in vivo anticancer activity of methanolic extract of

Michelia champaca L. bark (MEMCB) against Ehrlich ascites carcinoma

(EAC). As result, we found that MEMCB administration (250 mg/kg B.W.

(i.p)) significantly decreased tumor cell growth (77.46%; P<0.01), tumor

weight (42.13%; P<0.001) and increased the life span of tumor bearing mice

(71.97%; P<0.01) compared to untreated EAC bearing mice. In addition,

MEMCB administration also restored the depleted hematological

parameters like red blood cell, white blood cell counts and hemoglobin

percentage (Hb %) to normal values. These results indicate that MEMCB

possessed anticancer activity upon protecting hematopoietic system. To

investigate the underlying mechanism of MEMCB mediated anticancer

activity, we evaluated p53 and bcl-2 mRNA expression by RT-PCR and

found that p53 mRNA expression was increased while bcl-2 mRNA

expression was decreased after MEMCB treatment. This result indicates

that MEMCB would induce apoptosis in EAC cells. Moreover,

phytochemical screening showed that phenolic and flavonoid contents were

existed in MEMCB which possess strong anti-oxidant properties would be a

possible reason of this anticancer activity. Thus, MEMCB showed potential

anticancer activity against EAC and would be a possible pharmaceutical

supplement for the development of new anticancer drugs. (COI:No)
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Multiple myeloma (MM) is a type of hematological malignancy

characterized by abnormal plasma cells in the bone marrow. In order to

treat MM, it is important to develop anticancer drugs targeting abnormal

plasma cells. SB743921 is a potent inhibitor of the spindle protein kinesin

and is being investigated in ongoing clinical trials for the treatment of

myeloma. However, little is known about the molecular events underlying

the induction of cell death in multiple myeloma (MM) by SB743921, alone or

in combination treatment. Here, we report that SB743921 induces

mitochondria-mediated cell death via inhibition of the NF-κB signaling

pathway, but does not cause cell cycle arrest in KMS20 MM cells.

SB743921-mediated inhibition of the NF-κB pathway results in reduced

expression of SOD2 and Mcl-1, leading to mitochondrial dysfunction. We

also found that combination treatment with SB743921 and bortezomib

induces death in bortezomib-resistant KMS20 cells. Altogether, these data

suggest that treatment with SB743921 alone or in combination with

bortezomib offers excellent translational potential and promises to be a

novel MM therapy. (COI:No)
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The gastrointestinal (GI) tract displays numerous patterns of smooth and

elaborate movements by spatio-temporally cooperating micro-regions.

Furthermore, GI movements contribute to, at least partly, the basis of

mental condition, unconsciously affecting brain nuclei via autonomic nerves

and circulating GI hormones and cytokines. Experiments of early days

clearly demonstrated the involvement of endogenous nerves in peristalsis, a

typical cooperative movement. Nevertheless, contribution of other cellular

groups are now getting clearer. In this study, we thus analyzed spatio-

temporal activity of interstitial cells of Cajal (ICC) with a network structure

in the myenteric plexus region. We developed a dialysis-membrane-enforced

microelectrode array (MEA) technique to stabilize the access resistance

between each sensing electrode and a reference electrode for stable

measurement of ICC pacemaker electrical activity. Visualization of ICC

electrical activity enabled us to classify the patio-temporal ICC activity in to

three patterns: bumpy/localized, expanding and migrating. Also, we

observed fluctuation of ICC electrical activity in each cycle of pacemaking.

Even reversed propagation of ICC activity was observed. These

observations suggested that characterization of ICC spatio-temporal

activity can be used to assess the functional state of the gut musculature

and the gut-brain interaction. (COI:No)
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The objective of the present study was to investigate the effects of

amitriptyline and carbamazepine in rats with neuropathic pain. Expression

of c-fos was examined in the supraspinal sites of the brain associated with

nociceptive processing after neuropathic pain induction by chronic

constriction injury (CCI). CCI on sciatic nerve attempts to induce symptoms

like neuropathic pain in animal model to mimic human condition.

Behavioral tests were conducted on Sprague-Dawley rats using cold plate

and Randall-Selitto tests, measuring cold allodynia and mechanical

hyperalgesia respectively. Immunohistochemical detection was performed

to screen for c-fos expression. Amitriptyline at 10 and 20 mg/kg significantly

reduced cold allodynia and mechanical hyperalgesia, whereas

carbamazepine at 10, 20 and 30 mg/kg significantly reduced cold allodynia

and mechanical hyperalgesia. Increased expression of c-fos was

significantly prevented by administration of amitriptyline and

carbamazepine. (COI:No)
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Introduction: Therapeutic effect of Dorema ammoniacum, on chemical

kindling induced epileptic seizures has been shown. Here we examined the

effect of Dorema ammoniacum on inter-ictal electroensephalogram signals.

Electroencephalography (EEG) is an essential component in the evaluation

of epilepsy. Methods: EEG was recorded by superficial electrodes placed on

the skull. Recording electrodes and reference electrode were fixed

respectively on parietal and occipital bones. In chemical kindling model,

animals received pentylenetetrazol, 30mg/kg/48h, intraperitoneally and five

different stages of seizure were appeared gradually. After animals were full

kindled interictal EEG was recorded. EEG signal was decomposed to its

sub-bands alpha, beta. Gama, theta, and delta by fast Fourier transform

(FFT). The percent of changes in the power of sub-bands was determined.

Then the effects of Dorema ammoniacum (100mg/kg), injected 30 min after

PTZ during kindling progress, on these alterations were evaluated. Results:

Results showed that power of some sub-bands, beta and gama increased in

epileptic animals (One way ANOVA, Tukey Post test, P<0.01), but the

power of other sub-bands decreased in these animals. Dorema ammoniacum

injection during kindling progress decreased the alteration in low frequency

waves induced by this model. Conclusion: It may be concluded that Dorema

ammoniacum decreases the brain hyperexcitability in the model of epilepsy.

(COI:No)
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Our competence to reach visual target accurately with finger is acquired

based on tremendous amount of trials and errors of reaching toward the

target in the similar situations. Such visuo-motor acquisition is called

adaptation. The acquired accurate reaching could easily be spoiled by

wearing horizontal prism goggle so that the reaching shifts horizontally

away from the target. However, the shifted reaching gradually recovered by

trials and errors of reaching toward the target, called prism adaptation.

Previous studies have shown the importance of visual and proprioceptive

feedbacks for the prism adaptation, however, to the best of our knowledge,

only a few studies have examined the importance of frequency of feedbacks.

In order to examine whether the frequency of feedbacks influences on the

prism adaptation, we employed 16 healthy subjects to reach the visual

target with and without prism goggle with frequency of 0.5 and 1.5 Hz. As a

result, subjects partially showed faster adaptation in 0.5Hz reaching. Our

result suggest that not only visual and proprioceptive feedbacks, but also

higher cognitive process is participated in the prism adaptation. (COI:No)
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It is known that the activity of primary motor area (M1) modulates spinal

excitability via pyramidal tract so that the sensitivity of spinal reflexes can

be modulated as well. Further, it is also known that the M1 receives inputs

from parietal and prefrontal areas, known as areas for forming high-level

cognitive plans for movement. There have been many studies about

influences on spinal excitability by activating the cerebral cortices by using

motor or motor-related tasks, however, there have been only a few studies

that used cognitive tasks to activate cortices. Number comparison task is a

cognitive task that requires to choose either larger or smaller number,

according to the instruction, among a pair of numbers shown in display.

Previous studies have shown that response time is longer and parietal and

prefrontal areas are more activated when the difference between a pair of

numbers is small (distance effect). In order to show whether the activation

of parietal and prefrontal cortices according to the distance effect in the

number comparison task changes spinal excitability, we analyzed the

change in amplitude of H-reflex while performing the task. As a result,

although the response time changed, the amplitudes of H-reflex did not

change according to the distance effect. However, response time and the H-

reflex changed according to the duration of resting periods, which were

interposed between the presentations of a pair of numbers. Our results

suggest that the activation of cerebral cortices modulate spinal excitability

for seconds of period. (COI:No)
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Some studies have shown anxiolytic effect of oxytocin by showing decreased

level of social anxiety after the administration of oxytocin in humans, while

others have raised the possibility that oxytocin within physiological range

potentiates fear-related response in humans as well as in rodents. On the

basis of these discrepancies, we hypothesized that oxytocin exerts

differential influences on each type of phobia.In order to test this

hypothesis, we conducted a preliminary investigation to examine the

relationship between salivary oxytocin concentration and the level of

different types of phobia. We measured the level of four types of phobia

(social phobia, agoraphobia, blood-injury phobia, dental phobia) in adult

males and females using standardized self-administered questionnaire.

Their salivary oxytocin level was measured using ELISA. The correlational

and structural-equation-modelling analyses revealed positive correlation

between salivary oxytocin level and blood-injury/dental phobia in males, but

not in females. The other types of phobia showed no significant correlation

with oxytocin concentration. These results seemingly indicate the

possibility that oxytocin level within physiological range has prominent

influences on the level of phobia related to blood, pain and physical harm to

own body. The present finding also supports sex-dependent functionality of

oxytocin in the central nervous system. (COI:Properly Declared)
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When people look at visual objects (i.e., art works or design products), they

intentionally or unconsciously evaluate them using higher brain process

that based on their several experiences and knowledge about art or design.

Previous psychological research has just evaluated people’s impression of

those objects by questionnaire method. Recently, several approaches have

tried to investigate objective evaluation of people’s feelings using

participants’ physiological measurements. In these studies, skin

conductance is measured as an index of participants’ preference, however,

these results were contradictory among these studies. It must be caused by

the difference of the rating method that designed as an experimental task.

Thus, we tried to reveal the features of autonomic activity, that represent

participants’ emotional effect of the brain, by studying a two-dimensional

pattern image evaluation. Firstly, participants were required to choose one

image which they felt the best among 39 pattern images. This task was in a

forced-choice trial. Next, participants rated each pattern image on a seven-

point scale. Participants’ skin conductance and heart rate were measured to

reveal their autonomic activity during evaluations in both experiments. We

found several differences of the rating of physiological responses when they

were evaluating those stimulation images. (COI:No)
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Whether the first and third person imagery of a lower limb exercise

accompany the excitability changes in the prefrontal cortex remains

unclear. Using functional near-infrared spectroscopy (NIRS, 2 channels),

we examined the concentration of oxygenated hemoglobin (Oxy-Hb) in the

bilateral prefrontal cortex during a 1-min motor imagery of the cycling

exercise (60 rpm). The cardiovascular responses (heart rate and arterial

pressure), the skin blood flow of the forehead, and the surface

electromyogram of agonist muscles were also recorded. Motor imagery was

performed in association with an observation of the actual cycling exercise

with a first or third person view (video clip). The subjective vividness of

motor imagery was relatively higher during the first person imagery than

that during the third person imagery. The Oxy-Hb concentration of the

prefrontal cortex increased with both first and third person imagery.

Importantly, the Oxy-Hb responses were larger during the first person

imagery compared to those during the third person imagery, while those

were much smaller and the difference between first and third person

imagery was minimum if the video clip was rotated upside down. The

changes in the cardiovascular responses, the skin blood flow, and the EMG

activity of the agonist muscle were minimum during both imageries. These

findings suggest the higher neural activities in the human prefrontal cortex

during the first person imagery than those during the third person imagery.

(COI:No)
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A blood-oxygen-level-dependent (BOLD) signal measured using functional

MRI(fMRI) can be observed as spontaneous fluctuations even during

resting state in the absence of an externally prompted task. Resting state

fMRI (rs-fMRI) is a method to evaluate regional interaction in the brain,

and recently used for testing brain’s functional organization in dementia or

other neurologic diseases. However, the BOLD signal exhibits slow (<0.1Hz)

spontaneous fluctuations considered as physiological noises consists of

cardiac pulsation and respiration, and these fluctuations may influence this

functional connectivity. In this study, rs-fMRI was recorded by a clinical 3T

scanner (MAGNETOM Trio A Tim System, Siemens) with simultaneous

monitoring of cardiac pulse wave and respiration to see whether elimination

of these physiological noises using DRIFTER TOOLBOX (SPM8) would

affect functional connectivity. Twelve healthy adults were participated,

with an informed consent obtained. Our results indicate that elimination of

the physiological noises increased signal-to-noise-ratio and functional

connectivity, especially, in olfactory, (para)hippocampus, amygdala and

thalamus areas. These results suggest that elimination of these

physiological noises effective to analyze functional connectivity of rs-fMRI

in deep brain areas like limbic system. (COI:No)

3P-189
��������	�����*�����&���	��	����	����	������������	��

�	�������	���������
	
���	���������������������������

���������	���	��������������	����	���
	���������		���

��
�	
�

��������������
�
 �������������

�
 �������������2�
�

�

�
����� ���	
��,��
��� ������ ����� (��� ��� �� 9�8��� (���� +����

�
)*�


���	
��	��!
����(����+����
�
������'��$����������	���������+��

By neuroimaging we can survey whole brain performing cognitive tasks.

Here we reexamined the attention network using ANT (Fan et al., 2002;

2005). In alerting, cortical areas associated with the dorsal fronto-parietal

network, reported by a meta-analysis by Corbetta et al. (2008), were

activated in both hemispheres. Cerebellum was activated mostly in the left

hemisphere, specifically the region that is connected to premotor and

frontal association cortices in the right cerebrum. Ventral and lateral

thalamus and basal ganglia were also activated. In orienting, large clusters

extending from the primary visual area to the superior parietal lobule were

activated in both hemispheres. In conflict, the anterior cingulate in the

right hemisphere was activated, participating in the limbic cingulate-

thalamocortical circuit. The fronto-parietal network and the thalamus were

activated as in alerting, but the basal ganglia were not. Cerebellum was

activated in the left hemisphere, the region that is connected to premotor

and frontal association cortices in the right cerebrum. Moreover, prominent

activation areas were observed in the higher visual area (V4 homologue)

both in alerting and in conflict, and also in the primary visual area (V1) in

orienting. These activations are most likely caused by strong top-down

signals from the fronto-parietal network for selection of information. (COI:

No)
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Our previous study showed that passive changes of facial expression could

affect the mood, which was judged by a psychological test (the profile of

mood states; POMS) and personal description of the mood. Especially,

opening eyes wide passively (raising upper eyelids and pulling lower eyelids

down with their thumbs and fingers) increased a positive mood score and

decreased negative mood scores of POMS. The change of moods should be

related to the change of the brain activity in some region. Here we

investigated the change of the brain activity caused by opening eyes wide

passively. A total of 68 normal volunteers were examined with a functional

magnetic resonance imaging (fMRI) study. The subjects opened eyes wide

passively (test epoch) or opened naturally (rest epoch) in a standard block-

design paradigm. Between the epochs, the subjects operated goggles to

maintain their eyes in a wide or natural state. The result showed that the

opening eyes wide deactivated a part of the frontal pole cortex. In the

individual analysis, there was a tendency that a broader region of the

frontal pole cortex was deactivated in the subjects who described their

feeling change as clear-headed, refreshed or concentrated during opening

eyes wide. (COI:No)
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A decoded neurofeedback method was proposed to lead brain activity to a

target state by using fMRI (Shibata et al., 2011). We have applied a real-

time MEG system to perform the training of the steady-state visual evoked

field (SSVEF), and showed that the training was effective for able-bodied

participants (Ora and Kansaku, 2015). Here, we applied the method to

patients with cervical spinal cord injury (SCI). Three SCI patients (age:

39.7, males) participated. We first conducted an SSVEF task (pre-training

task). Checkerboard visual stimuli flickered at 5 Hz (left) or 6 Hz (right)

were displayed, and they were asked to attend to the left, right, or middle of

the screen. We then constructed a decoder (SMLR) for each participant.

Then, a neurofeedback training was conducted to improve the decoding

accuracy for either right or left orientation. The orientation that showed

lower decoding accuracy was selected as a target. In the training, a white

fixation cross at the center of the screen was turned green, then a green

solid circle, whose radius indicated the score of the decoder, was presented.

After the training, the SSVEF task was again used (post-training task). The

mean accuracy for the target was 57.8 % in the pre-training task, and 61.1

% in the post-training task. The mean accuracy for the non-target was 67.8

% in the pre-training task, and 61.1 % in the post-training task. The results

suggest that the training may also be effective for patients with SCI. (COI:

No)
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It has been known that humans can rapidly and accurately enumerate

small sets of items, which is called subitizing. Neurophysiological basis of

subitizing has been investigated; however, coherent activity during

subitizing is not well investigated yet. In this study we applied MEG to

measure coherent activity during subitizing. We specifically focused on

alpha band, because the frequency is known to play a role in successful

visual object recognition (Mima et al., 2001) or visual target detection (Thut

et al., 2006). Six able-bodied participants were recruited (5 males, 34 y.o.).

The set of 1-8 white square dots that appeared in random positions was

presented on a gray background. The subjects were asked to report the

number of dots by pressing corresponding buttons. A 306-channel Elekta

Neuromag MEG scanner was used. We computed the power-spectrum

density and cross-spectrum density. We combined the 204 gradiometers

into 102 channels by calculating the norm. Using these spectra, we

computed alpha-band (8-13Hz) coherence between channels. When

computing interhemispheric coherence, significantly stronger coherence in

the correct answer than in the incorrect answer were mainly observed

between posterior cortices. When computing intrahemispheric coherence,

the significantly stronger coherence were mainly observed in each frontal

cortex and also in the right parietal area. The observed coherence activity in

the alpha-band may have a role in the accurate subitizing process. (COI:No)
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It has been thought that we can easily perceive sleepiness, which is a kind

of transitional state between wakefulness and sleep. Physiological markers

of sleepiness have been investigated, and former researches reported that

human self-rated sleepiness positively correlates with theta power and

negatively correlates with alpha power (Strijkstra et al., 2003), and that

human alertness positively correlated with beta power (Kaminski et al.,

2012). This study aimed to evaluate relative change of subjective sleepiness

by EEG measures. Eight able-bodied individuals participated (7 males, age:

27-38). Five minutes EEG recordings with their eyes closed were obtained

with 1 hour interval for 7 hours. EEG signals were recorded from the

occipital area (Oz) using in-house solid-gel electrodes. Before and after each

EEG recording, they were required to assess their sleepiness using

Karolinska sleepiness scale (KSS), and the mean value were used. We

computed delta, theta, alpha, beta, low-gamma, and high-gamma power of

the EEG signals, and then calculated alpha minus theta plus beta. We then

divided this by the sum of total band powers. We compared the change of

the proposed scores with the change of KSS (become sleepy or become

awake). The change of the proposed scores strongly correlated with the

change of KSS (r=0.61, p=0.00000040). The results suggest that the

proposed method can be a physiological marker of the subjective sleepiness.

(COI:No)
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Recently, in the field of neuroscience it is becoming one of hot themes to

study changes in neural activities induced by emotional change caused by

visual or auditory stimuli. Although emotional changes were successively

detected by using EEG, fMRI or near infrared spectroscopy, in most of the

previous studies, rather strong stimuli, such as International Affective

Picture System (IAPS), have been used to elicit intense emotional change in

humans. Therefore, it is still unknown whether mild and/or equivocal

stimuli can elicit CBF changes in the PFC enough to detect emotional

changes. Further, human brain activity patterns in response to the

dynamics of continual emotional or feeling stimuli remain obscure. In the

present study, we examined effects of mild and/or equivocal stimuli, The

Media Art Work (Rendezvous) produced by Mori et al., on 14 of healthy

young volunteers and analyzed stimulus-induced EEG changes. Thereby,

we report the effect of continuous changes in color on the neural activity

and emotional change in the healthy volunteers. (COI:Properly Declared)
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Many studies on electroencephalography(EEG) used in the everyday life is

conducted recently. It is the most important to find an effective ingredient

of EEG, but development of the electrode easily put on also will be a

meaningful reseach task. In this study, an external auditory canal electrode

(EACE) was investigated for this purpose. If it turns out good, we can use it

easily like an earphone. And the EEG will come to be usable as a daily tool.

Because a suitable marketing product was not found as EACE, I composed

it using Ag and urethane. At first, coefficients of correlation with the each

19 electrodes (by Ten-twenty electrode system) to EACE have been checked

ten healthy voluntary subjects about twenties years old. High correlation

was sometimes seen in some electrodes. But, there was not always the

electrode indicating high correlation for EACE. Conversely, between EACE

and many electrodes had some correlation. So next, it was investigated

about EEG elements P300, having the possibility of the application. For

subjects, Oddball task to choose one among five figures as stimulation was

carried out. P300 is usually detected by parietal predominance. The output

of EEG was considerably small and the polarity turned over, but understood

that P300 was detectable in EACE. (COI:No)
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We hypothesize that hypersensitivity in autism-spectrum disorders (ASD)

might be caused by excess neural activities relating to temporal processing.

We previously reported that persons with ASD who had high temporal

resolutions in tactile temporal order judgment (TOJ) tended to exhibit

strong hypersensitivity (Yaguchi et al., 2016). Here, we show a single-case

data of a person with ASD (a 19 years old male) who has extraordinary

enhanced temporal resolution in touch and sound. He had gotten a

diagnosis of ASD, when he was 3 years old, and has a complaint of

hypersensitivity to touch and awareness of subtle changes of certain

elements of sounds. In the TOJ task, we delivered successive stimuli to each

ring finger of both hands (tactile TOJ), pure tones to both ears through

headphones (auditory TOJ), and two LED lights (visual TOJ). We asked to

judge the temporal order by pressing key. The temporal resolution in tactile

TOJ and auditory TOJ was 7.6 ms and 7.4 ms, respectively, whereas that in

tactile TOJ was 52 ± 16 ms (mean ± sd) in a previous study for coeval

participants (N = 16) (Wada et al., 2004). In contrast, his temporal

resolution in visual TOJ (19 ms) was comparable to that in typically

developing persons (22 ± 23 ms, N = 12). These results indicate that his time

cognitive/perceptive ability is excellent in touch and sound. His complaint of

hypersensitivity to touch might be related to extraordinary enhanced

temporal processing in touch. (COI:No)

3P-199
��������	�������������������+��	�9������&�	��������������

��������

�����)2�����
�
 �$������$�����

�
 ��������0����

�
 ��������+�
�

�
 �

���������
�
�
 �����
�����
��

�
 �!���
�&��"

�
 �*������������

�
 �

���������������
�

�
����� �� �	�� #�8�� -���� /
,
����� ��� � /����� /
,
������ +����

�
��� �(����

����� 	��!�����)��",������+����
�
���
��������
8�!�����-����/
",
��+���

�
���'����� �<����
	��<����
	�����

Valproate (VPA), the popular antiepileptic drug and mood stabilizer, is

known as an inducer of autism. In autism, it has been reported in

cerebellum that size and number of Purkinje cells were reduced and became

apoptosis in both the postmortem human studies and VPA-administrated

adult animals. Recently, we have reported the effects of prenatal

administration of VPA in rat. In VPA administrated rat, the elongation of

Purkinje cells dendrites in cerebellum cortex started earlier and reached

the molecular layer (ML), and the cortex in the vermis developed significant

earlier and formed excess gyrus in the anterior lobe, specifically in lobules V

and VI. Additionally, Purkinje cells dead by apoptosis after postnatal days

30. In this study, we observed this cerebellar alteration in the VPA-treated

rat with using the acoustic impedance microscope. Because the acoustic

impedance microscope is possible to measure the elasticity and density in

sliced organs, we investigated to observe the alteration of the molecular

layer (ML) in cerebellum. The ML in the VPA-treated cerebellum showed

lower elasticity than control animal. We suggest VPA-induced autistic

alteration would change the density of cerebellar cortex and make its

information transmission weak. (COI:No)
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Autism spectrum disorder (ASD), which is a severe neurodevelopmental

disorder, is reported to show cerebral and cerebellar abnormalities. In

particular, reduction in size and number of Purkinje cells in cerebellum is

observed in both postmortem human studies, and drug-administrated adult

animals. Recently, it was reported that oxytocin (OT), a neuropeptide

hormone, or bumetanide (BU), a blocker of the NKCC1 cation-chloride co-

transporter, could decrease ASDs repetitive behaviors. However, the

mechanism of recovery from ASD with OT or BU has not been elucidated. In

this study, we investigated the recovery effects with OT or BU

administration to valproate-induced ASD model rat. Sodium Valproate

(VPA), an anti-epileptic drug and a HDAC inhibitor, is also known as a

powerful ASD inducer, and we have reported VPA-administration induced

excess cerebellar cortex and Purkinje cell elongation. OT or BU

administration after birth showed recovery effects about cerebellar

development and formation in VPA-induced ADS model rat. These results

suggest the treatment of neuronal modulators could recover some

neuropsychological deficits. (COI:No)
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Delay discounting is the process by which the delayed outcome is valued at

less than the same outcome delivered immediately or with a shorter delay.

Mouse delay discounting task has been established for the 129Sv or CBA

strain. However, this task was not applicable to the C57BL/6 strain. The

aim of the present study was to optimize the task for the C57BL/6 strain.

We trained C57BL/6 mice to respond a nose-poke to one of two choices; one

choice resulted in a small quantity of reinforcer immediately, the other in a

large quantity of reinforcer with progressive delay (up to 8 s). We then

tested C57BL/6 mice on delay schedule (up to 8 s) that can work in 129Sv or

CBA mice or short delay schedule (up to 4 s). C57BL/6 mice selected

immediate option on 8 s delay schedule due to disruption of association with

nose-poke and 8 s-delay-reward. On the other hand, mice showed

systematic changes in choice behavior with increasing delay on short delay

schedule, indicating that this schedule was applicable for this strain. To

confirm the pharmacological validity of this short delay schedule, mice were

treated with methamphetamine, which was known to increase delay

discounting. As expected, this intervention increased delay discounting in

short delay schedule as well. In conclusion, we optimized the delay

discounting task for C57BL/6 mice. Our improved schedule will contribute

toward understanding the pathophysiology of psychiatric disease models

that are associated with increased delay discounting. (COI:No)
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By an analogy from a rubber hand illusion in human, we applied

synchronous brush stroking to a rubber tail and a real tail of a mouse. We

found that mice responded as if their own tails were being touched when the

rubber tails were grasped (Rubber Tail Illusion, RTI) (Wada et al., 2016 J

Neurosci). However, it is unclear whether the response rates in the RTI are

similar extent to those of real tail grasping. To examine this, without any

brush stroking, real tails that were placed a side of the mice without the

presence of the rubber tails were occasionally grasped at intervals of 1

minute (n=7), and responses of the mice were compared with our previous

data when the RTI was observed. When the real tails were grasped, similar

responses (e.g., orienting or retracting the head) to the RTI were observed,

and responses rates (0.51±0.011) were not significantly different to those of

the synchronous condition in our previous study (0.54±0.0017). In contrast,

the response rates were significantly high compared with the control

condition which asynchronous stroking was delivered (0.43±0.0022, p<0.05).

The present result suggests that the response rates of the real tail grasping

are not significantly different to those of the RTI, and we infer that a mouse

might feel a touch of the rubber tail on the similar extent to the real tail. We

are aiming to evaluate the body ownership illusions in model mice by using

this task. (COI:No)
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In this study, we evaluated the anxiolytic effects of odorant-Z, one of the

terpenoids involved in plant extracts, using Light/Dark box (LDB) test and

elevated plus maze (EPM) test in mice. Mice were exposed to either

odorant-Z or odorless air for 30min prior to each test. In the LDB test,

odorant-Z exposure significantly increased the time spent in light

compartment (P < 0.01) and the number of transition between

compartments (P < 0.01). Furthermore, EPM test indicated that odorant-Z

exposure also significantly increased the time spent on open arm (P < 0.05)

and the number of open arm entry (P < 0.01). These results indicated that

odorant-Z exposure has anxiolytic effects. Next, we examined whether

olfactory input evoked by odorant-Z exposure induced the anxiolytic effect.

In olfactory epithelium deprived mice, the anxiolytic effects were not

observed in LBD and EPM tests. These results suggested that olfactory

input evoked by odorant-Z induced the anxiolytic effects. We further

investigated the contribution of GABAergic system to the anxiolytic effects

by benzodiazepine receptor antagonist (flumazenil) treatment in EPM test.

The anxiolytic effects were disappeared by flumazenil treatment,

suggesting the contribution of GABAergic system to the odorant-Z-induced

anxiolytic effects. In summary, we found that the olfactory input evoked by

odorant-Z exposure induced significant anxiolytic effects mediated by

GABAergic system in mice. (COI:No)
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Benzodiazepines (BZDs) exert their pharmacological action through an

allosteric modulation of the gamma-aminobutyric acid type A receptors

(GABAA-Rs). Most clinical guidelines recommend that long-term BZD

treatment should be avoided due to adverse effects such as tolerance,

dependence, withdrawal effects, and impairments in cognition and learning.

However, the effect of long-term BZD exposure on cognitive and memory

function of aged animals is not fully understood. In the present study, we

investigated the effect of chronic administration with diazepam (DZP), a

well-known BZD, on spatial reference memory of 12 month aged mice using

the Morris water maze (MWM). DZP-treated mice performed significantly

worse than vehicle-treated control mice during the acquisition phase of the

MWM and the subsequent short-term probe test (24 hr after last acquisition

trial). In addition, mice treated with DZP showed poor performance during

long-term probe test (14 days after first probe test). These results indicate

that chronic DZP administration impairs spatial reference memory

formation in aged mice. We discuss the effect of chronic DZP treatment on

neuronal function in aged hippocampus which is involved in formation of

spatial memory. (COI:No)
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Retrieval-induced forgetting (RIF) is a phenomenon that retrieval practice

on a subset of target items leads to forget the other, non-target items. We

have previously reported that RIF occurs in mice in a modified spontaneous

recognition test. Here, we examined the effect the change in the interval

between encoding and retrieval practice (Rp) on RIF. The test consisted of

three phases (sample, retrieval and test). The interval between the sample

and retrieval phase was 10 min, 1 h or 6 h. The interval between the

retrieval and test phases was 1 h. Mice were assigned to two experimental

conditions (Rp+, Rp-). In the sample phase of the Rp+ condition, mice

explored a field in which two objects (A, B) were placed. In the retrieval

phase, one of the two objects was replaced to an object identical to the other

(A, A). In the test phase, one of the objects used in the retrieval phase was

replaced again to a novel object (A, X). In the Rp- condition, after the

retrieval phase, mice were explored two objects different from those in

retrieval phase, but one of which was identical to the one in the sample

phase (B, Y). The discrimination indices in the Rp+ condition were

significantly higher than the chance level (50%). That in the Rp- condition

with a 10 min or a 1 h interval were not significantly higher than the

chance level, while the discrimination index in a Rp- condition with 6 h

interval was significantly higher than chance level. These results indicate

that RIF occurs in 10 min and 1 h but disappears in 6 h. This suggests that,

although the neuronal mechanism is not clarified, RIF occurs temporary

only during limited time frame. (COI:No)
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Animals can react behaviorally faster to concurrent stimuli for different

sensory modalities (e.g., vision and audition) than to a single stimulus for

each modality. This “multisensory facilitation” suggests that an interaction

between these modalities of sensory information facilitates sensorimotor

transformation in the brain. Here, we established a behavioral task to

observe multisensory facilitation clearly in rats under head-fixation. In this

task, the rats must pull a spout-lever quickly in response to either or both of

visual and auditory cue presentations to acquire reward water. They

successfully learned to perform this task in several weeks. We confirmed

the multisensory facilitation behaviorally, in which the reaction time was

significantly faster in success trials with visual-auditory stimuli than in

those with either visual or auditory stimuli. Moreover, we simultaneously

recorded multiple single-unit activities in the primary visual cortex,

posterior parietal cortex, and secondly motor cortex during their task

performance. These neuronal activities were characterized based on the

cell-type (regular-spiking or fast-spiking), dependency on task events

(sensory-related or motor-related), and correlation with reaction time

(specifically, multisensory facilitation). We found different types of

functional neurons in these sensory, association, and motor cortical areas.

Our observations will shed light on the cortical mechanism underlying

multisensory facilitation in rodents. (COI:No)
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The ventral visual pathway has a role as the “what” stream responsible for

shape recognition in primate, while the homologous pathway in mice is not

identified yet. Mice were able to learn a sound-shape association memory

task, in which mice selected associated shape stimuli during presentation of

associated cue sounds. In flavoprotein fluorescence imaging, anesthetized

mice that had learned a sound-shape association showed responses to the

associative sound stimuli in a ventral part of the visual cortex locating

medial to the auditory cortex. Clustered protocadherins (cPcdhs) are neuro-

specific cell adhesion molecules with multiple gene clusters. In genetically

manipulated mice with reduced gene clusters of cPcdhα, the performance of

sound-shape association memory task was impaired compared with that of

wild-type mice. In accordance with these results, the responses to the

associated sound stimuli in the ventral visual cortex were impaired. The

ventral part of the visual cortex may be the higher visual area responsible

for shape recognition in mice. (COI:No)
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The influence of sound intensity on neural activities of the guinea-pig

primary auditory cortex (AI) to frequency-modulated (FM) sounds with

different FM sweep rates was investigated using optical imaging with a

voltage-sensitive dye (RH795). Eight guinea pigs were anesthetized with

ketamine (80 mg/kg) and xylazine (40 mg/kg). Activity patterns to the FM

sounds (upward and downward linear sweep: 0.5-16.5 kHz in 16-160 ms

duration or FM sweep rate 0.1-1 kHz/ms) and tones (0.5, 16 kHz) were

recorded from the AI on both sides. The sound intensity was changed form

75 to 45 dBSPL by 10 dB step. The active spot of the response to the FM

sound at 1 kHz/ms upward sweep rate appeared first on the higher

frequency band (FB) and then on the FB of the start frequency of the FM

sound at the high intensity sound level. When the intensity was decreased,

the active spot appeared on the FB near the FM start frequency with a

longer latency. At 250 Hz/ms upward sweep rate, the active spot appeared

first on the FB of the FM start frequency regardless of the sound intensity.

The active spot to downward FM appeared first on the FB of the FM start

frequency regardless of the sound intensity, too. These findings are

concerned with the detection of the spectral changes of the FM sound in the

auditory cortex. (COI:No)
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The dorsal premotor cortex (PMd) of monkey is suggested to play an

important role in selection of actions based on cognitive information.

However, it has not well investigated how local field potentials (LFPs) are

modulated during the time course of action selection. Here we examine the

task-dependent modulation of LFPs recorded from the PMd while monkeys

were performing a shape-manipulation task. This task requires planning

multiple movements based on differences in size and direction between the

first (sample) and second (test) shapes presented on a monitor. The subjects

were rewarded when they fit the test shape to the sample one by rotating,

expanding, and/or contracting it. Using multi-contact electrodes, current

source density (CSD) analysis and wavelet analysis in combination enables

to reveal the fine dynamics of LFPs in PMd local circuits, especially the

depth and timing of generation of each frequency component. The

approaches used in the current study will help to elucidate how the PMd

network performs in action selection. We will show related preliminary

data. This research is supported by the following grants: #24120703,

#26350991, #26120703 and #15H05879 from MEXT. (COI:No)
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Dorsolateral prefrontal cortex (PFC) and medial premotor areas (MPA) are

included in the cortical timing network and engaged in temporal processing

in timing behaviors. To clarify functional roles of these areas in interval

timing, neuronal activity was recorded from PFC and MPA of a monkey

during a duration classification task, and the activities were compared

between the two areas. In the task, a visual cue was presented to the

monkey from 0.8 to 4.8 sec. Following a 1sec delay period, the subject was

required to press the proper key according to the classification of cue

duration; the right, center and left keys for long (3.2-4.8 sec), middle (1.6-2.4

sec), and short (0.8-1.2 sec) cue categories, respectively. Of 848 neurons (484

from PFC and 364 from MPA) we recorded, 129 PFC and 91 MPA neurons

were related to the task. Comparable task-related activity was observed

during the cue and delay periods between the two areas. During the cue

period phasic activity was found with constant peak time after the cue onset

in both areas. The median peak times were 1.2 sec in PFC and 1.1 sec in

MPA. This phasic activity might function to filter current cue duration with

the peak time. During the delay period 60 PFC and 39 MPA neurons

exhibited the phasic activity, which changed according to the cue duration

categories. This delay activity might represent temporal classification

results of cue duration. These results suggest that the cortical timing

network including PFC and MPA share timing-related activity in duration

classification. (COI:No)
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Use of various response tactics (i.e. an expedient to select action) is an

important aspect of adaptive behavior. In the present study, we examined

how the neurons in the posterior medial prefrontal cortex (pmPFC) of

primates represent various factors that contribute to the selection of tactics

and the selection of action. Monkeys performed a two choice arm reaching

task in which color cues instructed the tactics of either to reach to (pro-

reach) or away from the subsequent spatial cue (anti-reach). After a

variable length of delay period, either the left or right target button was

turned on to instruct the direction of the reaching movement. The monkeys

were rewarded by reaching to the illuminated button in pro-reach trials

whereas they were rewarded by reaching to the non-illuminated key in anti-

reach trials. The activity of pmPFC neuronal population represented the

monkeys’ action, tactics, and the location of the spatial cues, but only when

the task called for the immediate selection and execution of the action. In

contrast, neurons in the presupplementary motor area (preSMA) exhibited

marked selectivity for the action and tactics, but little selectivity for the cue

location. Finally, the activity of SMA neurons was mostly selective for

action. The present results indicate that the pmPFC contributes to the

integration of the behavioral tactics and sensory information to expedite the

selection and execution of voluntary actions. (COI:No)




