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modulation by the melatonin hormone, we hypothesized that changing
photoperiod influences the fish immune functions through the modula-
tion of melatonin synthesis. The study thus investigated the effects of two
natural photoperiod regimes simulating the fall and the spring in western
Europe on melatonin secretion, stress and immune markers.

Daily cyclic activities were observed for plasma melatonin and cortisol, but
also for several innate immune markers, including lysozyme, peroxidase
and complement activities in plasma and phagocytic activity in spleen.
Nocturnal plasma melatonin values were influenced by the seasonal
simulated photoperiods with progressive increase or decrease for the
photoperiods simulating the fall and the spring respectively. No photo-
period effect was detected on cortisol release. Moreover, the exposure to
the fall-simulated photoperiod induced several effects on immune
markers, including increases in lysozyme, peroxidase and complement
activities. Analyses of immune-relevant gene expression are ongoing. Our
results bring an additional evidence supporting the potential immuno-
modulatory action of the melatonin hormone in teleosts with a stimula-
tion of the innate immunity following the increase in melatonin
production in response to the fall-simulated photoperiod.
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Abstract

Bony fish have a dedicated mucosal immune system which comprises
immunologically heterogeneous microenvironments armed with innate
and adaptive immune components. In rainbow trout (Oncorhynchus
mykiss), a nasopharynx-associated lymphoid tissue (NALT) was recently
described as a diffuse network of myeloid and lymphoid cells located in the
olfactory organ of fish. Teleost NALT presents IgM and IgT B cells in equal
proportions and nasal mucus contains secreted IgM and IgT. Several
studies have demonstrated that nasal vaccination is a very effective
mucosal route to stimulate adaptive immune responses and high levels of
protection against viral and bacterial pathogens in fish. However, the
mechanisms underlying the observed protection are not well understood.
We applied a barcoded 5RACE IgH cDNA sequencing approach to investi-
gate the structure of the systemic and mucosal rainbow trout immuno-
globulin repertoire. Its analysis in control trout suggests different
structures of IgM and IgT spleen and NALT repertoire, with restricted
repertoire diversity in NALT. Nasal and intraperitoneal vaccination with
enteric red mouth (ERM) vaccine also revealed unique dynamics of IgM
and IgT repertoires at systemic and mucosal sites and the remarkable
ability of nasal vaccines to induce spleen Ig responses. Our findings provide
an important immunological basis for the effectiveness of nasal vaccina-
tion in fish and other vertebrate animals and will help the design of future
nasal vaccination strategies.
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Abstract

The immune system of vertebrates enables the rapid and very efficient
defence against microorganisms and viruses. Shortly after the detection of
pathogens, amplifier mechanisms multiply various destructive activities,
which may, however, also be directed against the host itself. An arsenal of
inhibitory factors controls therefore the duration and extent of the im-
mune response, restricts pathological events and restores homeostasis. For
these reasons, it is essential that endogenous immune regulators are in-
tegrated in efficient health concepts in aquaculture.

However, immune inhibitors in teleost fish are still poorly explored, also
due to the fact that the teleostean repertoire of immune inhibitors is more
complex than the mammalian one. We found that the inhibitory kinase
interleukin-1 receptor-associated kinase 3 (irak3) is present in more than
20 isoforms of varying length and nucleotide composition in rainbow
trout. We elucidated the underlying genetic causes for this striking Irak3
diversity and profiled the expression of all irak3 variants in healthy and
infected rainbow trout. The obtained data revealed that the truncated irak3
variants are expressed to a much greater extent than the full-length var-
iants. The overexpression of selected full-length and truncated Irak3 var-
iants in different cell models showed that the individual isoforms
modulate the basal as well as the pathogen-induced activity of NF-kappaB
with different efficiency. Confocal microscopy showed that the over-
expression of the truncated Irak3 variant was associated with massive cell
death, in contrast to the full-length variant. Based on these different ob-
servations, we assume that the multiple Irak3 variants do not represent
sheer abundance. Rather, we hypothesize that different Irak3 variants
could integrate specificly into the different cascades mediated by IL1R1
and more than a dozen TLRs. Certain Irak3 isoforms might suppress the
inhibitory functions of their paralogs to steer the immune response from a
suppressed to a reinducible state. Further analyses are on the way to test
the hypotheses using suitable cell models and appropriate knock-out or
knock-in techniques.
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Abstract
IgD is an ancient immunoglobulin for which many aspects of its regulation
and function remain unclear. Although usually expressed on the surface of
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mature B cells along with IgM, a small subset of B cells undergo an un-
conventional IgM-to-IgD class switch and differentiate to
IgD-+IgMplasmablasts/plasma cells. In mammals, these cells are mostly
found in nasopharyngeal lymphoid tissues and rarely in the intestine,
although recent evidence suggests a role for IgD in gut immunity.

In teleost fish, a subset of IgD+IgM- B cells was previously reported in
rainbow trout gills and in catfish blood. Here, we report that IgD+IgM- B
plasmablasts also constitute a major B cell subset in the intestinal mucosa
of rainbow trout. Thus, although IgD+IgM+ B cells represent almost 87% of
the IgT- B cell subsets in the spleen, IgD-+IgM- B cells accounted for 83% of
IgT— B cells in the gut. A complete repertoire analysis of IgD in comparison
to IgM and IgT performed in gills and gut as well as in spleen, confirmed
the clonal expansion of IgD in these two mucosal sites but not in spleen.
Remarkably IgD sequences in gills and gut share a common VD] segment
usage and had quite similar mutation profiles, different from those found
in the spleen. Our data demonstrates that IgD-secreting plasmablasts
represent a major B cell subset in rainbow trout gills and gut and that the
IgD sequences derived from the clonal expansion of specific B cells found
in these two tissues differ greatly from the IgD found in spleen that is
mostly found on the cell surface in association with IgM.
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Abstract

Endocrine disruptors in general and oestrogenic compounds in particular
have been widely investigated in view of their effects on several physio-
logical processes and, therefore, their ecotoxicologic relevance. The mod-
ulation of the immune system by oestrogens has increasingly sparked
interest in the research community, that previously had been mainly
centered on the reproductive effects of these hormones. In fact, since the
industrialization an increasing variety of endocrine disruptors, such as
oestrogenic endocrine disruptors, are retrieved in the environment. These
oestrogenic endocrine disrupting chemicals (EEDCs) have also been sug-
gested to increase the prevalence of autoimmune diseases and cancer.
With regard to the high degree of similarities in the immune system of
jawed vertebrates as well as the conserved immunomodulatory roles of
oestrogen, environmental EEDCs possibly have the capacity to alter im-
mune system functions of teleost fish, which may impair their capacity to
fight infectious diseases and eventually may contribute, together with
overfishing, to wild stock losses. Importantly, the most deleterious effects
of EEDCs, both in mammals and teleosts, appear to arise when the expo-
sure occurs during specific periods of the immune system ontogenesis,
commonly referred as critical windows of exposure. However, in mammals
and especially in teleost fish, these stages of the immune system devel-
opment as well as the EEDC-action remain to be fully identified and
characterised. The concept and the importance of developmental immu-
notoxicity is presented by addressing the mechanisms of oestrogenic

regulation and the mode of action of EEDCs from an immunological
perspective. Emphasis is given to the critical windows of development of
the immune system during which EEDCs may alter the immune system
development and function with long-term consequences on immuno-
competence. Results from different classes of vertebrates are compiled,
highlighting studies on teleost fish and their relevance for the human
immune system. Additionally, new results on the effects of environmen-
tally relevant concentration of exogenous estradiol exposure during Eu-
ropean sea bass (Dicentrarchus labrax) development will be presented with
regard to oestrogen's ability to trigger effects on immunocompetence,
contributing to fill the gaps on vertebrate immunotoxicology.
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Abstract

Interleukin (IL)-2 and IL-15 are used as immunostimulants in human
medicine since they are known to induce activation, proliferation and
maintenance of several lymphocyte subpopulations. In addition to IL-2 and
IL-15, rainbow trout possess a third closely related functional cytokine IL-
15like (IL-15L). Our previous studies have shown that the soluble form of
the corresponding receptor (sIL-15Ra) enhances the secretion and/or
stabilization of IL-15 and IL-15L in vitro. Therefore in this study, chimeric
recombinant proteins of IL-15 and IL-15L with sIL-15Ra(IL-15-RLI and IL-
15L-RLI, respectively)as well as IL-2 (as a free cytokine) were produced by
using a baculovirus/insect cell system. These cytokines were then sub-
jected to in vitro functional studies. For this, purified recombinant proteins
were added to four different flow-sorted thymocyte sub-populations:
CD4-Single Positive (SP), CD8-SP, CD4/CD8-Double Positive (DP) and
Double Negative (DN) and to three lymphocyte sub-populations (CD4-SP,
CD8-SP and DN) from intestine and spleen applying anti-CD8 and anti-CD4
monoclonal antibodies. Stimulated lymphocytes were then subjected to
Western blot analysis to detect phosphorylation of STAT5, a molecule that
can be found downstream the IL-2/15RBy chain signal transduction
cascade, as a measure of lymphocyte activation. In addition, whole sple-
nocytes were individually incubated with the recombinant cytokines and
subjected to RT-qPCR analysis. A contrasting reactivity of lymphocytes to
the three recombinant cytokines was observed in lymphocyte subsets
from different lymphoid organs. While all of the tested lymphocyte subsets
except DP thymocytes were activated by IL-15-RLI, DP thymocytes were
only activated by IL-2 which stimulated all thymocyte subsets as well as
the CD4-SP and CD8-SP splenocytes. A clear stimulatory effect of IL-15L-RLI
was observed in DN thymocytes while DN and CD8-SP splenocytes were
only activated at very high concentrations. RT-qPCR analysis confirmed the
contrasting stimulatory effect of IL-15 and IL-15L chimeric proteins with
IL-15Re. In trout splenocytes, IL-15-RLI induced type 1 immune gene
expression such as IFNy and Perforin, but did not induce type 2 immune
gene expression such as IL-4/13. In contrast, IL-15L-RLI induced type 2
immune gene expression but did not enhance type 1 immune gene
expression. These results reveal the distinctive powers of the IL-2/15/15L
family cytokines, and hold great promise for their practical use as well as
for their capacity to help unravel the different arms of the fish immune
system.
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