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Madoka MURATA!, Yoichiro KITANI: Immune response evaluation method using fish scale culture

[Background]

The body surface of fishes is covered with the vulnerable epidermal cells because of their habitat —living in
the water. The surrounding water contains a high density of microorganisms including pathogenic bacteria,
viruses and parasites. Under this situation, fishes defend themselves from those pathogens by their host-defense
system. On the fish body surface, physical and physiological host-defense system —consist of the scales and
bioactive substances— could synergically prevent the injury and the invasion of the pathogens. However, the
body surface immunity of the fishes is still unclear because of the complexed system and the species-dependent
variety of the system.

[Purpose of this work]

To understand the fish body surface immune system, | focus on the fish scales —one of the unique component
of the fish body surface. Fish scales have a potential as a biological materials to investigate the defense system
because a variety of cells are attaching on the scales. In addition, it is possible to obtain some tens of scales
from one fish; this point will be an advantage to increase the biological replication without any variation of
the specimen. In this research, I try to establish the fish scale culture method for understanding the fish body
surface immunity.

[ Optimization of fish scale culture]

Goldfish (Carassius auratus) was used for this work because this fish is easy to handle and it has adequate
gene information. The fish was anesthetized using 0.03 % of MS-222, and the scales are collected. The scales
immediately transferred to the wells of the microtiter culture plate containing 500 pL of L15 medium with
antibiotics. The optimal culture condition was decided by temperature and duration as follows; scales were
cultured at 5 °C, 15 °C, 25 °C and 37 °C and the term was 1 day, 2 days, 4 days and 7 days. Optimal culture
condition was judged by the cell viability using XTT (N-methyl dibenzopyrazine methyl sulfate) method. In the
5 °C culture, the reaction of XTT was the lowest in each condition because of the low temperature. In the 25 and
37 °C culture, the media became turbid after 4 days culture. Based on those results, | decided that the scale culture
conditions were 15 °C for 4 days.

[ Immune responses by the inducers]

The chemical inducer exposure trial was carried out to understand the fish scale immune responses. | used
the chemical inducers as follows; 4-Ethoxymethylene-2-Phenyl-2-Oxazoline-5-on (oxazolone, chronic
inflammation inducing reagent, 1.0 to 100 ug/mL in this work), lipopolysaccharide (LPS, the component
containing in gram-negative bacteria, 0.1 to 10 pg/mL in this work) and polyinosinic-polycytidylic acid (poly
I:C, similar to virus dsRNA, 0.1 to 10 pg/mL in this work). The preparation of scales was followed by the
method described above and cultured with chemical inducers at 15 °C for 1 or 3 days. The immune responses
were evaluated by the gene expression analysis using quantitative PCR instrument. The amplification of the
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PCR reaction was detected by the SYBR Green method. The immune-related genes as follows; interleukin-1-
beta (illb, proinflammatory cytokine), Interleukin-8 (il8, chemokine), tumor necrosis factor alpha (tnfa,
inflammatory regulator), interferon gamma (ifng, viral infection maker), ribosomal protein S30 (rps30, reference
gene) and elongation factor 1-alpha (efla, reference gene). The expression levels of those genes were normalized
by the expression of the internal reference genes. In the LPS treatment group, il1b expression level was increased
at 1-day incubation according to LPS concentration-dependency (Table 1). The highest value reached 16 times
greater than the negative control. In the poly  apje 1 Gene expression changes by chemical inducers

I:C treatment group, ifng expression was 4

times increased at 1-day incubation. The

oxazolone treatment did not cause alteration of 4 b S - "
any target gene expression. From the facts - - - - - -
described above, the cultured scales showed - b - - - 7
immune responses by the inducers and it was b b - 7 7 -
different by the addition of each inducer. Arrows indicate expression change, —; <2 fold; 7; 2 fold, 77; 5

fold, 777; 10 fold. Hyphen indicate the value did not detect.

[ Application of this assay]

In the last section, the inflammatory response in culture scales was strongly induced by LPS exposure.
Therefore, | tried to apply this assay method for the screening of anti-inflammatory substances. First, | examined
that hydrocortisone (HC) could suppress the inflammatory response in this assay method. Hydrocortisone is a
well-known steroid hormone that work as an immune suppressor. | cultured the scales together with 10 pug/mL of
LPS and 0 to 50 pg/mL of HC at 15 °C for 1 day and 3 days. The alteration of il1lb expression was measured by
the gquantitative PCR method described above. At 3 day incubation, illb was induced 9 times higher than the
negative control. On the other hand, the addition of HC decreased the illb to a same expression level of the
negative control. This result suggested that this method could detect anti-inflammatory substances. Second, |
searched anti-inflammatory substances from unutilized marine lives (two of starfishes; Patiria pectinifera and
Astropecten polyacanthus, one of sponge; Fusinus ferrugineus attached sponge). The samples were disrupted by
the homogenizer with 4 times volume of water. The homogenates were centrifuged (18,000 x g, 30 min, 4 °C)
and the supernatants were collected as the test extracts. To measure the anti-inflammatory effect, the test extracts
were added instead of HC in the previous experiment. The activity was judged by the illb expression level
compared with the negative control and LPS control. The investigation showed that the test extracts did not
suppress the illb expression at 1-day incubation. Subsequent 3-day incubation, P. pectinifera starfish extract
slightly suppressed the il1b expression. Taken together the results in this work, the test extracts did not show the
potent anti-inflammatory activity. Interestingly, some of the test extracts showed that the inflammation
stimulation activity.

[Conclusion]

The cultured fish scales showed the immunological responses by the immunological inducers. This may be
possible to apply the other fish immunological studies such as in vitro infection study and/or the molecular marker
survey. Also, | would suggest that this work have a possibility to the novel drug screening method such as immune
suppressor and inducer.

AWFZEE, @RKRFERV AT DAY 2 —R HHE EPROFmLO—E L LTiTbhi,
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Toshio SEKIGUCHI?, Koji YACHIGUCHI?, Kazuichi HAYAKAWAZ?, Nobuo SUZUKI*: Ecotoxicological
analysis of the influence of marine pollutant on marine animals

[ Introduction]

The development of industries in recent years has resulted in an increase in pollutant emissions. These
contaminants released by industries reach the oceans. Therefore, it is important to study the effects of
environmental pollutants on marine animals. This study focuses on the influence of pollutants on marine animals
that inhabit the Sea of Japan; since it is a closed sea, it has high risks of pollutant accumulation. In this study, the
nibbler, Girella punctate and the sea urchin, Hemicentrotus pulcherrimus were used as a marine teleost model
and invertebrate model, respectively. We investigated the influence of pollutants on bone metabolism of nibbler
fish using the fish scale culture system. The fish scale is a membranous bone, within which osteoblasts and
osteoclasts exist on the calcified bone matrix. Since these cells respond to calcium regulating hormones, fish
scales play a central role in calcium homeostasis, and act as a calcium reservoir in many teleosts. This study
discusses the establishment of culture systems for nibbler fish scales, and enzyme assay systems for the
evaluation of osteoblastic and osteoclastic activities. Additionally, the influence of mercury on calcium
homeostasis in the scales of nibbler fish was examined. The sea urchins have been regarded by various researchers
as model organisms for the evaluation of marine pollutants. We evaluated the impact of polycyclic aromatic
hydrocarbons (PAHs) on the development of sea urchin embryos. PAHs are ubiquitous environmental
contaminants and are derived from the incomplete combustion of fossil fuels. PAHs function as carcinogens,
mutagens, or endocrine disruptors in various animals. We demonstrate the influence of benz[a]anthracene (BaA),
which is a PAH, and a derivative of BaA, 4-hydroxyBaA (4-OHBaA), on the early development of sea urchin
embryos at the morphological and molecular level.

[Results]
I.  Establishment of an osteoclastic and osteoblastic activity assay system and evaluation of the influence
of mercury using the scales of nibbler fish

First, we attempted to establish the assay system using cultured nibbler fish scales. The osteoclastic and
osteoblastic activities of the adjacent scales in the same row were measured by TRAP and ALP assay,
respectively. The adjacent scales showed highly similar TRAP and ALP activities. Next, the effects of inorganic
mercury (InHg) and methylmercury (MeHg) on TRAP activity in the cultured scales of nibbler fish were
evaluated. TRAP activity in the scales was significantly suppressed by 10 M InHg and MeHg treatment after
6 h culture. To assess the influence of InHg and MeHg on gene expression of osteoclasts and osteoblasts, we
performed qPCR analysis of the scales treated for 6 h with InHg and MeHg. Expression of the osteoclastic
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marker, TRAP mRNA, was inhibited by InHg and MeHg treatment. However, COL1A1, an osteoblastic marker,
mRNA was not affected by IgHg and MeHg treatment. Both mercury treatments elicited the mRNA expression
of Metallothionein which is a gene involved in the removal of metals.

II. Influence of PAH on the early development of sea urchins

To evaluate the effect of BaA on the early development of sea urchins, we compared the morphology of
BaA-treated embryos with that of control embryos. Although no abnormalities were detected in the blastula
and prism stages, a defect in spicule length was observed in the pluteus stage. The spicule lengths of 108 M 4-
OHBaA and 107 M BaA-treated larvae were significantly shorter than that of the control larvae. Next, we
evaluated the expression of spicule formation-related MRNASs such as Hp-sm50, Hp-etsl, and Hp-alx1. The
expression of Hp-sm50 mRNA, which is a spicule matrix protein, was significantly suppressed with 4-OHBaA.
Additionally, transcripts of Hp-etsl and Hp-alx1, which are transcription factors involved in mesoderm
differentiation and spicule formation, were significantly inhibited by 4-OHBaA. BaA-treated embryos
displayed significantly decreased expression of Hp-ets1 mRNA compared to control embryos.

[Discussions]

In this study, we analyzed nibbler fish and sea urchins as model organisms for marine environmental pollution.
First, we established the scale culture system in nibbler fish, a marine teleost. The scales that were removed from
the same rows on the fish showed highly similar osteoclastic and osteoblastic activities. Mercury treatment
suppressed the osteoclastic enzyme activity. This influence was also confirmed by the osteoclastic activity-
associated gene expression. These results suggest that mercury affects the bone metabolism via the suppression
of osteoclasts in the scales of nibbler fish. This fish scale culture system has already been established for goldfish.
PAHSs, fluorine, cadmium, and mercury have been tested using this system. However, to date, no such assay
system was available for marine teleosts. Therefore, this study provides insight into the influence of marine
pollutants on the bone metabolism of marine teleosts. Next, the influence of PAHs on invertebrates was
investigated using sea urchins as a model organism. PAHSs, including phenanthrene, fluoranthene, fluorene,
pyrene, and quinolone, induce the exogastrulae of sea urchins via disruption of the Wnt/B-catenin signal. In the
present study, we showed that BaA and its metabolite, 4-OHBaA, suppressed spicule formation in pluteus larvae
of sea urchins. This suppression was observed in the 107 M BaA and 10 M 4-OHBaA treatment. 4-OHBaA
inhibited the expression of all spicule formation-related genes that were tested in this study, whereas BaA only
suppressed the expression of the Hp-etsl gene; this indicates that 4-OHBaA is a more potent inhibitor of spicule
formation in sea urchin than BaA. Monohydroxylated PAHs (OHPAH) are metabolized by cytochrome P450 1A,
and act via estrogen receptors (ER) in mammals. However, one sea urchin species, Strongylocentrotus purpuratus,
possesses no ERs in its genomes. In addition, the existence of ER in H. pulcherrimus remains unclear. Thus,
further studies on the receptors of 4-OHBaA are required.
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Mukaze SHIBUKAWA, Hiroyasu KAMEI: Roles of Sirt1/2 in catch-up growth in zebrafish embryos

[Background and aim]
In adverse conditions (such as | Constant Normoxia (Norm)
hypoxia, —malnutrition, and low o R coxypenation (Reoxy

temperature), animal growth is often

Catch-up growth

immanl Sirt1/2 St ;

blunted and the limited energy is used =
for survival. However, once the =
unfavorable conditions are eliminated, =

Exbected Catabolic

the stunted animals show rapid growth o e isher activat condition
' tion /?\
restoration (Wit and Boersma, 2002). : ;

This phenomenon is known as *“catch- R > Low O, level (Hypo) ========- :
up growth”, and it is observed in many ?

Species. Zebrafish embryos were Fig 1. Experimental model of reoxygenation induced catch-up growth using zebrafish
stunted by hypoxia but they showed embryos, and a potential involvement of Sirt1/2 in the current experimental model.

catch-up growth by subsequent

reoxygenation. In the zebrafish model

of catch-up growth, the growth promoting effect of mitogen-activated protein kinase (MAPK) regulated by
insulin-like growth factor (IGF) signaling was significantly augmented during the reoxygenation period (Kamei
et al., 2011, 2018); however, the molecular and cellular mechanism underlying this change remains largely
unknown. Sirtuins (Sirt1-7), nicotinamide adenine dinucleotide-dependent deacetylases, are known to act as a
““energy sensor’’ because it is activated in catabolic conditions such as low nutrition and prolonged restriction of
the cellular respiratory system. Amongst sirt genes, sirtl and sirt2 are relatively close, and Sirtl is known to
potentiate IGF-MAPK signaling (Li Y. et al., Cell Metab., 2008). These facts suggest a potential relationship
between the sirtl/2 genes and the catch-up growth. Therefore, in this study, | aimed to elucidate the roles of
Sirt1/2 in catch-up growth using the zebrafish embryos (Fig 1).

[Results]
Expression analysis of zebrafish sirtl/2

First of all, I analyzed the gene expression of zebrafish sirtl/2 by reverse transcription PCR analysis. The
sirtl/2 transcripts were detected under all of the experimental conditions (constant normoxia: Norm; hypoxia:
Hypo; reoxygenation: Reoxy). Next, the real time quantitative PCR analysis was performed to reveal the precise
sirtl/2 expression levels. As a result, it was found that the expression levels of sirtl/2 genes under Hypo and
Reoxy conditions were comparable to those in the stage-matched Norm embryos.

Loss-of-function analysis of Sirtl/2 in catch-up growth

Though sirt1/2 expressions were stable, roles of Sirt1/2 in the Reoxy-induced catch-up growth were analyzed
by the loss-of-function studies using Sirtinol, the specific inhibitor chemical for Sirtl/2. As a result, Sirtinol
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clearly blunted the catch-up growth in a dose-dependent manner. Meanwhile, the same dosage of the Sirtinol
failed to inhibit the embryonic growth under Norm condition. Furthermore, I also conducted gene specific loss-
of-function experiment by using antisense Morpholino-Oligo (MO). For the MO-mediated knock down
experiment, splicing-block MOs (sirt1-MO and sirt2-MO) were injected into zebrafish embryos at 1-2 cell stages.
As results, the sirt1-MO significantly reduced the catch-up growth, whereas the sirt2-MO induced a slight growth
acceleration under Reoxy condition.

Changes of MAPK-activity by Sirtinol and IGF-1R inhibitor

To monitor the changes of MAPK-activity by Sirtinol and/or IGF-1R inhibitor (BMS754807), immunoblot
analysis of the total cell lysates were performed using antibodies against phospho- and total-Erk1/2 (for
monitoring MAPK-activity). The results showed that the MAPK-activity was significantly decreased by the
Sirtinol treatment in the Reoxy period. Next, Sirtinol-, BMS754807-, and Sirtinol + BMS754807 double-treated-
embryos were prepared under Reoxy condition, and the total cell lysates were analyzed. As a result, Sirtinol did
not further reduce the MAPK-activity from that in the BMS754807-treated embryos.

[Conclusion and working hypothesis] L 1 M I, A

3k IGF

Extracellular space 7

In this study, | found that Sirtl facilitated IGF-1R IGF-1R

the reoxygenation-induced catch-up growth, "= L\ :Lu

The Sirtl molecule likely augments IGF- Sl \

MAPK pathway during Reoxy condition to

. MAPK-pathway MAPK-pathway
accelerate growth rate (Fig 2). These data |
. 9o i 4
suggest that Sirtl alters its function during Gt prarolNG Svents Growth promoting events
Hypo and/or Reoxy conditions to modulate :
. . Accelerated growth
intracellular growth promoting cues. Thus, Normal growth (Catch-up Q?Mh,

Sirtl would serve as a key inducer of the Fig 2. Working hypothesis of this study. Sirtl plays indispensable roles in the
“catch-up mode” on|y in the growth arrest- Reoxy-specific activation of IGF -MAPK pathway to facilitate the catch-up growth.

experienced animals.
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Fig. 3. Monthly average water temperature at a
depth of 7.5 m. Vertical bars indicate the range
of the highest and lowest temperatures for

2018-2019.
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Fig. 5. Monthly average atmospheric temperature.
Vertical bars indicate the range of the highest and
lowest temperatures for 2018-2019.
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Fig. 7. Monthly average of difference between
highest temperature and lowest temperature for
one-day.
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