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CCK/gastrin

927-0553

Shiho TANIGUCHI, Nobuo SUZUKI, Toshio SEKIGUCHI Functional analysis of CCK/gastrin in the

ascidian, Ciona intestinalis

In vertebrates, cholecystokinin (CCK) 

and gastrin act as brain-gut peptides. They 

have a sulfated tyrosine residue and share 

the consensus tetrapeptide sequence (Trp-

Met-Asp-Phe-NH2) at the C-terminus 

(Fig.1). They also share two paralogous 

CCK receptors (CCKRs). These facts

demonstrate that CCK/gastrin is a family

peptide in vertebrates. Cionin is a 

CCK/gastrin family peptide that was identified from the ascidian, Ciona intestinalis (Johnsen and Rehfeld,

1990). It shares sequence features with vertebrate CCK/gastrin family peptides. In vertebrates, treatment with 

cionin elicits gallbladder contractions and gastric acid secretions, which are typical CCK and gastrin functions, 

respectively. Sekiguchi et al. confirmed that cionin acts two Ciona orthologous receptors of CCKRs (Sekiguchi 

et al., 2012). These findings imply that the CCK/gastrin family peptidergic system is conserved in chordates.

However, the evolution of the biological role of the CCK/gastrin family remains unclear due to the lack of 

functional data for cionin in C. intestinalis.

In the present study, I first analyzed the tissue distribution of cionin and CioRs mRNA using real-time

PCR. Cionin mRNA was exclusively expressed in the neural complex. Moreover, the transcripts of the CioR1 

and CioR2 genes were strongly expressed in the neural complex and are moderately expressed in the endostyle, 

stomach, intestine, and ovary. These results suggest that cionin is produced in the central nervous system

similar to mammalian CCK, and is involved in physiological functions such as food intake, digestion, and

reproduction in C. intestinalis. Interestingly, the expression of cionin in the digestive tract was relatively low, 

unlike that of the vertebrate CCK/gastrin family peptide gene.

Next, I evaluated the localization of cionin mRNA and peptide in the neural complex using in situ

hybridization and immunohistochemistry, respectively. In situ hybridization analysis demonstrated that the

localization of cionin mRNA was observed in the anterior part of the cerebral ganglion. Immunohistochemical

analysis of serial sections of the neural complex revealed that the cionin peptide was expressed in the cell body 

of the anterior part of the cerebral ganglion and neural fibers throughout the cerebral ganglion. Furthermore, I 
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performed in situ hybridization analysis of CioR1 mRNA. A transcript of the CioR1 gene was detected in the 

entire cerebral ganglion.

To characterize the cioninergic neuron, I compared the localization of cionin mRNA with the Ci-vesicular

acetylcholine transporter (Ci-VACHT) mRNA, which is a marker gene of cholinergic neurons. The localization of Ci-VACHT 

mRNA was observed mainly in the middle and posterior part of the cerebral ganglion. This expression pattern partially 

overlappedpp with that of CioR1 mRNA, suggesting that cioninergic neurons interact with cholinergic neurons.aa

Finally, I traced the CioR1 gene expression in various developmental stages using a fluorescent 

expression vector driven by a 6.8-kbp upstream sequence of the CioR1 gene. CioR1 gene expression was

detected in the larval stage. Fluorescence signals were detected in the visceral ganglion and the nerve cord,

which is mainly comprised of cholinergic neurons. The introduction of the CioR1 reporter construct into 

fertilized egg of the Ci-VACHT maker transgenic line demonstrated that the CioR1 promoter-driving

fluorescence signals correspond with those of cholinergic neurons. Larval cholinergic neurons are essential for

swimming behavior. In vertebrates, CCK functions as both neurotransmitter and neuromodulator. These facts 

suggest that cionin modulates larval swimming behavior through the cholinergic neurons.

In this study, I have clarified the localization of cionin and CioR1. These data will give us a clue to

understanding the physiological function of cionin in C. intestinalis.
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Masayuki SATO, Yoichiro KITANI, Toshio SEKIGUCHI, Nobuo SUZUKI: Effect of environmental pollutants 

on the bone metabolism in teleos

1. Introduction
Fish scales play an important role in regulating blood calcium 

because fish scales, having both osteoblasts and osteoclasts, are known 
to function as potential internal calcium reservoirs similar to those in 
the endoskeletons of mammals (Fig. 1). Therefore, we have developed 
an original in vitro assay system with the scales of goldfish (freshwater
teleosts) and nibbler fish (marine teleosts) and have analyzed the 
influence of several calcemic hormones. In the present study, I focused
on environmental pollutants (fluoride, polycyclic aromatic 
hydrocarbons: PAHs) and studied the effects of those pollutants on fish 
bone metabolism by using their scales. 

2. Effect of fluoride on fish bone metabolism
Fluoride is abundant in environmental water. It has been believed that an appropriate range of fluoride is 

safe. In the case of aquatic animals, however, fluoride tends to accumulate in the exsoskeletons of invertebrates
and the endoskeletons of fish. Furthermore, it has been reported that dietary fluoride derived from krill
exsoskeletons accumulated in the vertebral bones of yellowtails (marine teleosts) and inhibited the growth of 
yellowtails. On the other hand, the growth of rainbow trout (freshwater teleosts) has not been inhibited by
dietary fluoride derived from krill. Therefore, it is possible that fluoride directly affects bone metabolism in 
fish, and the responses of bone metabolism to fluoride in marine and freshwater teleosts are different. However,
the direct effects of fluoride on osteoblasts and osteoclasts have not yet been elucidated in any fish. In the 
present study, I first examined the influence of sodium fluoride (NaF) on bone metabolism, using a scale in 
vitro assay with goldfish (freshwater teleosts). Then, the effects of NaF on plasma calcium levels were 
examined, using an in vivo experiment with goldfish. To examine the different responses of NaF on bone 
metabolism in goldfish and nibbler fish, I also examined the influence of NaF on nibbler fish (marine teleosts).
First, the direct effects of NaF on osteoblasts and osteoclasts in goldfish scales were investigated. Alkaline
phosphatase (ALP) (osteoblastic marker) activity in the scales increased with NaF treatment (10-6 and 10-5 M) 
over 6 h of incubation. Also, tartrate-resistant acid phosphatase (TRAP) (osteoclastic marker) activity increased 
after exposure to NaF (10-5 M) at 6 h of incubation. Then, the mRNA expression of osteoclastogenesis-related 
factors was examined. The receptor activator of the nuclear factor-kB ligand (RANKL), which is known as a 
factor for osteoclastogenesis, increased in NaF-treated scales after 6 h of incubation. The ratio of 
RANKL/osteoprotegerin (osteoclastogenesis inhibitory factor) significantly increased after 6 h of incubation. 
Resulting from the increased RANKL mRNA level, the expression of transcription-regulating factors was
significantly increased. Furthermore, the expression of functional genes, cathepsin K and matrix 
metalloproteinase-9 mRNA, was significantly increased. Then, I measured the plasma calcium levels 2 days 
after the administration of NaF (low dose: 0.5 mg/g bw; high dose: 5 mg/g bw). As a result, plasma calcium 
levels were upregulated in NaF-treated goldfish at both doses. Second, the influence of NaF on plasma calcium
levels in nibbler fish was examined. Two days after the administration of NaF (5 mg/g bw), plasma calcium
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levels were downregulated in NaF-treated nibbler fish. In addition, fluoride was detected in the NaF-treated 
scale, using a scanning electron microscope with an energy dispersive X-ray microanalysis, indicating that NaF 
directly acts on their scales. Then, I examined the influence of NaF on osteoclasts and osteoblasts of the scales 
of nibbler fish. As a result, TRAP activity decreased in the scales of NaF-injected nibbler fish, although ALP 
activity in the scales of nibbler fish increased with NaF treatments. To confirm the effects of NaF on 
osteoclasts, the osteoclastic marker mRNA expression was examined in the in vitro cultured scales. Two days 
after incubation, TRAP and MMP-9 mRNA expression was significantly decreased. Considering these results, 
NaF accumulated in fish scales just as it did in vertebral bones, increasing the osteoblast activity in fish scales. 
In the case of osteoclast activity and plasma calcium levels, the response to NaF was different in goldfish and 
nibbler fish. Therefore, the influence of NaF on bone metabolism may be different in freshwater and marine 
teleosts. 
 
3. Effects of PAHs on fish bone metabolism 

PAHs are chemical substances formed by the combustion of petroleum and coal fuels and are widely 
present in the environment. PAHs are also present in heavy oil, and if a heavy oil tanker spills, the 
contaminated waters will be subjected to serious PAH contamination. On the other hand, it has been reported 
that heavy oil pollution is worsening in sea areas that are heavily trafficked. So far, there have been many 
reports regarding the effects of PAHs on fish toxicity. In addition, it has been reported that monohydroxylated 
polycyclic aromatic hydrocarbons (OHPAHs) are one type of PAH inhibiting the activity of osteoblasts and 
osteoclasts on goldfish scales. These results indicate that PAHs influence bone metabolism in fish. Recently, 
industrial ports have been developed in the Mediterranean and the Red Sea coast of Egypt, and sea pollution 
caused by heavy oil flowing out from ships coming and going seems to be worsening. Therefore, in the present 
study, I evaluated the effect of highly polluted seawater with PAHs on fish bone metabolism. In addition, the 
influence of the representative PAHs and NPAHs on fish scales was examined. Polluted seawater was collected 
from two sites (the Alexandria site on the Mediterranean Sea and the Suez Canal site on the Red Sea). Each 
sample of polluted seawater was added to culture medium at dilution rates of 50, 100, and 500 and incubated 
with goldfish scales for 6 h. Thereafter, ALP and TRAP activities were measured. ALP activity was 
significantly suppressed by both polluted seawater samples diluted at least 500 times; however, TRAP activity 
did not change. In addition, the mRNA expression of osteoblastic markers (ALP, osteocalcin, and RANKL) 
decreased significantly, as did the ALP enzyme activity. Then, I examined the influence of representative 
PAHs and NPAHs on goldfish scales. Osteoblastic activity decreased in scales exposed to naphthalene and 
acenaphthene at 6 ng/g for 6 h. In particular, a significant decrease was observed in acenaphthene. Furthermore, 
when 2-nitrofluorene and 3-nitrobenzanthrone were exposed to 40 pg/g for 6 h, no significant difference was 
found; however, the osteoblast activity was decreased. Thus, it was found that the activity of osteoblasts was 
inhibited even with exposure to a very low concentration of a compound. Therefore, the causative substances in 
polluted seawater collected from the Port of Alexandria and the Suez Canal are considered to be PAHs and 
NPAHs.  
 
4. Conclusion 

In the present study, I focused on fluoride and PAHs, studying their effects on fish bone metabolism by 
using the scales of goldfish and/or nibbler fish. Fluoride accumulated in the bone matrix of scales. However, 
the influence on bone metabolism in freshwater and marine teleosts was different. On the other hand, polluted 
seawater in Egypt affected fish bone metabolism, and the causative substance seemed to be PAHs. Considering 
the present data, I believe that fish scale is an excellent bone model for showing the influence of environmental 
pollutants on fish bone metabolism. 
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927-0553  
Taizou HANMOTO, Toshio SEKIGUCHI, Nobuo SUZUKI: Response of osteoblasts and osteoclasts to low-

intensity pulsed ultrasound 
 

Low-intensity pulsed ultrasound (LIPUS), which is known as a noninvasive therapy, promotes the repair 
of bone fractures. Until now, the studies of LIPUS have focused on the proliferation and the differentiation of 
osteoblasts. However, the effects of LIPUS on osteoclasts are still not fully understood. In this study, the 
effects of LIPUS on osteoclastogenesis were examined using fish scales. Fish scales are calcified tissues that 
have both osteoclasts and osteoblasts. The responses of fish scales to several hormones are the same as those of 
mammalian bone. Therefore, we believe that fish scales are a suitable bone model.  

Osteoclastogenesis is induced by binding the receptor activator of NF-kB ligand (RANKL) in an 
osteoblast to the receptor activator of NF-kB (RANK) in an osteoclast. By binding RANKL in an osteoblast to 
RANK in an osteoclast, several transcription-regulating factors, such as TNF receptor-associated factor 6 
(TRAF6) and the nuclear factor of activated T-cells cytoplasmic 1 (NFATc1), are activated. By the activation 
of transcription-regulating factors, thereafter, cathepsin K (CTSK) and matrix metalloproteinase-9 (MMP-9) 
were synthesized in osteoclasts. The scheme of the signaling pathway described above is shown in Fig. 1.  

Therefore, I first focused on RANK/RANKL signaling. Three hours after LIPUS exposure, the RANK 
mRNA level decreased. Thereafter, expression recovered to control levels. After 6 hours of incubation 
following LIPUS treatment, RANKL mRNA increased significantly. Resulting from the increased RANKL 
mRNA level, the expression of transcription-regulating factors significantly increased after 6 hours of 
incubation, and then the mRNA expression of functional genes was significantly upregulated after 12 hours of 
incubation. However, the mRNA expression of osteoprotegerin (OPG), which is known as an 
osteoclastogenesis inhibitory factor, also significantly increased after 6 hours of incubation and tended to 
further increase after 12 hours of incubation. At 24 hours of incubation, the mRNA expression of osteoclastic 
functional genes (CTSK and MMP-9) decreased to the level of the control. Thus, LIPUS moderately activates 
osteoclasts via RANK/RANKL signaling and may induce bone formation. 

Second, to elucidate the detail mechanisms of decline of RANK mRNA expression after 3 hours of 
incubation, I focused on the short time response of osteoclasts by LIPUS exposure. Next, I performed an in 
vitro experiment with zebrafish in addition to goldfish. At 3 hours of incubation after LIPUS treatment, 
osteoclastic markers such as tartrate-resistant acid phosphatase (TRAP) and cathepsin K mRNA expressions 
decreased significantly. GeneChip analysis of zebrafish scales treated with LIPUS indicated that cell death-
related genes were upregulated with LIPUS treatments. Real-time PCR analysis showed that the expression of 
apoptosis-related genes also increased significantly. To confirm the involvement of apoptosis in osteoclasts 
through LIPUS treatments, osteoclasts were induced by the autotransplantation of scales in goldfish. Thereafter, 
the DNA fragmentation associated with cell death was detected in osteoclasts using the TUNEL (TdT-mediated 
dUTP nick-end labeling) method. The multi-nuclei of TRAP-stained osteoclasts in the scales were labeled with 
TUNEL. TUNEL staining showed that the number of apoptotic osteoclasts in goldfish scales was significantly 
elevated by LIPUS treatment at 3 hours of incubation. Thus, LIPUS directly functions to osteoclasts and then 
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causes the cell death of osteoclasts shortly after exposure.
Finally, I performed an in vivo experiment with goldfish. Two weeks after daily LIPUS exposure, the 

activity of osteoclastic marker enzymes had not changed, while osteoblastic marker enzymes had been 
activated. These data support a hypothesis in which LIPUS moderately activates osteoclasts and induces bone 
formation. I plan to examine the cell-level response to LIPUS treatments. To obtain the basic data, I analyzed 
the respective osteoblastic and osteoclastic marker enzyme activity in the scales of zebrafish. I will examine the 
influence of LIPUS on the scales of zebrafish having GFP-labeled both osteoblasts and osteoclasts.

Fig. 1 RANK/RANKL signaling 
RANK/RANKL signaling activates osteoclastogenesis. In the present study, the mRNA expressions of several 
transcription-regulating factors were examined. The present data suggests that LIPUS moderately activates 
osteoclasts and induces bone formation via RANK/RANKL signaling. 
AP-1: Activator protein 1; MAPK: MAP-Kinase; NFATc1: nuclear factor of activated T-cells and cytoplasmic
1; TRAF6: TNF receptor-associated factor 6
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927-0553
Shouzo OGISO Masahiro MATADA: The observation of seawater temperature, salinity, atmospheric
temperature and humidity around the Noto Marine Laboratory (2016-2017)

2013
2016 4 1 0 2017 3 31 23 1

JFE INFINITY-CTW ACTW-
USB 0.5 m 0.01 0.001 0.01 mS/cm

0.001 mS/cm
H 5.0 m 7.5 m 0.1 Fourtec

MicroLite LITE5032P-RH 0.3 0.1 2
0.5 11 1 0 Lascar electronics EL-USB-2-LCD+

0.3 0.5 2 0.5 3 27 Vaisala
HMP-155D

Web

2015 1 8760
1 2015 8 2 1

2016 4 1 0 4 4
13 86 2016 8 9 18 8 11 9 40 10
31 23

10 6 15 11 17 23 1017
-0.046 0.24 EL-USB-2-LCD+

Fig. 1 6
0.5 m 5.0 m 7.5 m 8 28.61 27.6 27.8

2013 10
3 10.84 10.3

10.7 Figs. 1, 2, 3
8 8 0.5 m 30.95

5.0 m 29.2 7.5 m 29.4
0.5 m 3 9 9.57 5.0 m 3 14

61 10.1 7.5 m 3 19
14 10.5 30.0

0.5 m 5
5.0 m 7.5 m 0 10.0

0.5 m 5
5.0 7.5 m 0 0.5
m 18.45 5.0 m 17.7 7.5 m 18.1

0.41 0.3 0.5
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4 10 11
Fig. 4 32.96

12 1 2 Fig. 5 11
3 Fig. 6
1 24 Fig. 7 0.5 m
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