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Suzuki and Hattori (2003).  
In the case of mRNA expression analysis, regenerating scales were also extracted from goldfish under 

anesthesia. After incubation of regenerating scales under the above conditions, the styrene oligomer–treated 
scales were immediately frozen and kept at -80°C. Thereafter, total RNAs were prepared from goldfish scales 
using a total RNA isolation kit. Then complementary DNA was synthesized with a kit. Using these cDNAs, the 
osteoblastic and osteoclastic marker mRNA expression was analyzed using a real-time PCR apparatus.  

 
Oral injection of a styrene oligomer into goldfish (in vivo) 

Goldfish identified individually by fin clipping were anesthetized and their weights measured. A styrene 
oligomer was orally administered to each goldfish (1 μg/g body weight) under anesthesia. Blood samples from 
the caudal vein were taken after 12 and 24 hours. The collected blood was centrifuged, and the calcium 
concentration in the separated plasma was measured using a kit (FUJIFILM Corporation, Osaka, Japan).  

 
RESULTS AND DISCUSSION 

In the scale in vitro bioassay, the action of the styrene trimer was found to be stronger than that of other 
oligomers. It was found that the activities of osteoblasts and osteoclasts significantly increased at concentrations 
of 10 μg/L and 100 μg/L of the styrene trimer, as with estrogen (Suzuki and Hattori, 2003). Particularly, a 
significant difference was obtained in the activity of osteoclasts exposed to 100 μg/L of styrene trimer. Therefore, 
our experiment focused on the action of the styrene trimer.  

The results of qPCR for OPG and DKK1, markers of osteoblasts, showed significant upregulation by styrene 
trimer (100 μg/L) treatments. NFATc-1 and CathK, markers of osteoclasts, were significantly increased by styrene 
trimer (100 μg/L) treatments. Therefore, the styrene trimer activated both osteoblasts and osteoclasts in the scales 
of goldfish. 

In an in vivo experiment, furthermore, the plasma calcium concentration was measured after a styrene trimer 
was orally administered to goldfish (each 1 μg/g body weight). As a result, the plasma calcium concentrations 
were significantly increased at 12 and 24 hours after injection. 

Taking these results into consideration, the osteoclasts were activated by the styrene trimer using the fish-
scale assay system. This activation of osteoclasts seems to induce an elevation of plasma calcium levels and 
disrupt calcium metabolism in goldfish. To elucidate the detailed mechanism of the styrene trimer in osteoclasts, 
we are planning to examine a comprehensive analysis using RNA sequencing.  
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Introduction 

Cartilaginous fish possesses a skeletal system composed of cartilage. Most of the cartilaginous fish inhabits 

seawater. Cartilaginous fish maintain a steady serum Ca2+ level even though exposed to high Ca2+ conditions. 

However, hormonal regulation of Ca2+ homeostasis is yet to be fully clarified in cartilaginous fish. Calcitonin 

(CT) is a hypocalcemic hormone synthesized in the thyroid C-cells and ultimobranchial glands in mammals and 

non-mammals, respectively. In mammals, hypercalcemic condition induces the release of CT from the thyroid C-

cells. CT suppresses the osteoclastic activity in the bone and reduces blood Ca2+ levels. The hypocalcemic 

function of CT is conserved from teleost to mammals. Although cartilaginous fishes also synthesize CT in the 

ultimobranchial gland, they have no endoskeleton regulated by the coordination of the osteoblast and osteoclast. 

Therefore, the target cell and physiological function of CT remain unclear in cartilaginous fishes. The present 

study aims to evaluate the physiological role of CT through the establishment of assay systems for the plasma 

Ca2+ and CT concentrations in the red stingray, Hemitrygon akajei.  

 

Results and discussion 
1. Establishment of an assay system for evaluation of Ca2+ homeostasis in red stingray  

To evaluate the mechanism to regulate blood Ca2+ concentration, I attempted to establish the in vivo assay 

system in the red stingray. Oral administration of high Ca2+ consome solution increased plasma calcium levels. 

The peak of plasma Ca2+ concentration was detected at 6 hours after treatment. Thereafter, plasma Ca2+ 

concentration slowly declined. Treatment with the control consome solution did not increase the plasma Ca2+ 

level. These results confirmed that the oral administration of high Ca2+ consome solution increases plasma Ca2+ 

levels. Therefore, I established an in vivo assay system to evaluate gene function related to Ca2+ homeostasis in 

red stingrays. 

 
2. Tissue distribution analysis of genes associated with Ca2+ homeostasis by using RT-PCR 

To obtain a clue of the molecular mechanism of plasma Ca2+ regulation in cartilaginous fish, tissue 

distribution analysis of genes related to Ca2+ homeostasis was performed by RT-PCR. Transient receptor potential 

vanilloid 5 (TRPV5), transient receptor potential vanilloid 6 (TRPV6), and calcium-sensing receptor (CaSR) 
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were selected. TRPV5 functions as a Ca2+ channel on the apical region of kidney epithelial cells and is involved 

in Ca2+ reabsorption. RT-PCR analysis indicated that TRPV5 mRNA was expressed in the gill, stomach, and 

kidney, suggesting that TRPV5 is associated with Ca2+ homeostasis in stingrays. TRPV5 mRNA was also detected 

in the brain, implying that TRPV5 might possess a neural function. Mammalian TRPV6 is a calcium channel 

involved in Ca2+ absorption in the intestine. The expression patterns of red stingray TRPV6 mRNA were similar 

to that of mammalian TRPV6, suggesting that red stingray TRPV6 might possess similar functions with 

mammalian TRPV6. In mammals, CaSR belongs to the metabotropic G-protein coupled receptor family and 

senses the extracellular Ca2+. It is reported that mammalian CaSR is involved in the Ca2+ sensing and release of 

parathyroid hormone in the parathyroid gland. The red stingray CaSR mRNA was detected in the various organs. 

These tissue distributions of CaSR mRNA are similar to that of mammals, suggesting that CaSR also acts as a 

Ca2+ sensor in red stingrays. 

 

3. Expression analysis of red stingray CT. 

To evaluate the hormone function related to Ca2+ homeostasis, I focused on CT. A nucleotide sequence of 

red stingray CT was determined by mRNA-sequence analysis of the ultimobranchial gland. Red stingray CT 

comprised 32 amino acid sequences. The comparison of the amino acid sequence of red stingray CT and other 

vertebrate CTs revealed that vertebrate CT share the common motif, including the N-terminal circular region and 

the C-terminal Pro amide. In addition, tissue distribution analysis demonstrated that red stingray CT mRNA is 

exclusively detected in the ultimobranchial gland. Next, to evaluate the concentration of CT peptide, I attempted 

to establish the Enzyme-Linked Immunosorbent Assay (ELISA) using anti-stingray CT antiserum. Experimental 

conditions, including antiserum concentration and standard red stingray CT peptide concentration were 

determined. Further, CT levels of the ultimobranchial gland were detected using this assay system, suggesting 

that ELISA can be used to measure CT levels. Plasma CT levels were also detectable. 

 

Conclusion 

In the present study, I established the in vivo assay system to evaluate the physiological function of 

maintaining a steady blood Ca2+ level. Moreover, tissue distribution of channel and transporter genes involved in 

the blood Ca2+ homeostasis was clarified. Finally, I focused on CT as a calcemic hormone. The full-length nucleic 

acid sequence of red stingray CT was determined from transcripts of the ultimobranchial gland. Tissue 

distribution analysis by RT-PCR revealed that red stingray CT mRNA was predominantly expressed in the 

ultimobranchial gland. Furthermore, I established ELISA assay system to measure the CT peptide concentration.  

In the future, measurement of plasma CT level and expression of Ca2+ homeostasis-related gene will be 

performed using the in vivo assay system that administrates high Ca2+ consome. These studies will contribute to 

clarifying the mechanism of Ca2+ homeostasis in cartilaginous fish. 
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Introduction 

Aryl hydrocarbon receptor (AhR) is a gene that belongs to basic helix-loop-helix/Per-Arnt-Sim (bHLH-

PAS) superfamily and has been detected in a variety of animals, from cnidarians to vertebrates. Vertebrate AhR 

forms an inactive complex in the cytoplasm containing Heat Shock Protein 90 (HSP90), hepatitis B virus X-

associated protein 2 (XAP2), and co-chaperone p23. AhR-ligand, such as dioxin, elicits conformational change 

of AhR and activation of AhR. Activated AhR dissociates from inactive complex proteins and moves from the 

cytoplasm to the nucleus. Furthermore, activated AhR associates with AhR nuclear translocator (Arnt) and acts 

as a transcriptional activator of genes involved in detoxification, including cytochromeP450 (CYP) 1A1. 

Although these features of AhR have been clarified from teleosts to mammals, the origin of the molecular 

characteristics of vertebrate AhR is still unclear.  

In this study, I focused on an ascidian, Ciona intestinalis type A as a model animal. Since the ascidian is an 

invertebrate that is the closest relative to vertebrates, it has been regarded as a model organism to study evolution 

from invertebrates to vertebrates. To clarify the origin of the molecular function of vertebrate AhR, I analyzed 

the amino acid characteristics, ligand-dependency, and cellular localization of Ciona AhR (Ci-AhR). 

 

Results and Discussion 

1. Comparison of the amino acid sequence of Ci-AhR with that of vertebrate AhRs 

The full-length amino acid sequence of Ci-AhR is compared with that of the human, mouse, rainbow trout, 

and nematode AhR. Three domains, basic helix-loop-helix (bHLH) domain, Per-Arnt-Sim (PAS) domain, and 

ligand-binding domain, were highly conserved in chordate AhRs. In addition, most of the amino acid residues 

that is involved in ligand binding in vertebrates AhRs are also recognized in Ci-AhR. However, amino acid 

sequences in the C-terminal transactivation domain were not conserved between Ci-AhR and vertebrate AhRs. 
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