Molecular mechanisms of early mortality syndrome (M74) in Baltic salmon
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EXTENDED ABSTRACT ONLY - DO NOT CITE
Baltic salmon (Salmo salar) suffer from abnormally high, maternally transmitted yolk-sac fry mortality. In 1990´s 50-90% of newly hatched salmon from wild parents in Sweden and Finland died before feeding. The occurrence of the syndrome is highly variable, and only 5-10 % mortality was observed in 2003. M74-affected fry are characterized by low thiamine content and show signs of oxidative stress. At the morphological level diseased fry appear to have impaired vascular development, hemorrhages, reduced number of circulating erythrocytes, hepatocellular lipid accumulation, dilatation of hepatocytic endoplasmic reticulum and degeneration of skeletal muscle. Necrotic cells are observed in the brain. At the behavioural level, various neurological disorders such as lack of light sensitivity, passivity and spiral swimming have been reported (Bengtsson et al., 1999). Since, despite intensive investigations, the proximate course of the disease has remained elusive, the aim of the ongoing project is to clarify the molecular and cellular mechanisms involved in the developmental disturbances associated with the mortality. 

As a starting point of the research we have hypothesized that the developmental disturbances in Baltic salmon are caused by oxidative stresses, which may be either a result of changes in the natural food web or caused by human action. Since the disturbances of both vascular, erythrocyte and neurological development in M74 affected salmon fry resemble those observed in mammalian embryos, in which the function of the hypoxia-inducible transcription factor HIF-1( and consecutive gene expression is disturbed, and since the stabilization and DNA-binding of salmonid HIF-1( is redox sensitive (Nikinmaa et al., 2004), the initial studies have focussed on the possible role of HIF-1( in the development of the syndrome. We have shown that the vascular defects observed in fry suffering from M74 are associated with reduced DNA-binding of HIF-1( and subsequent downregulation of its target gene vascular endothelial growth factor (VEGF), involved in angiogenesis (Vuori et al., 2004). In addition, we have observed that also the DNA binding of xenobiotically induced transcription factor AhR (Aryl hydrocarbon receptor), which is upregulated in healthy Baltic salmon fry, is reduced in fry suffering from M74 (Vuori et al., 2004). This suggests that man-made dioxin-like substances may not be directly involved in the development of the syndrome in yolk-sac fry. 
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Figure 1. The vascular defects observed in fry suffering from M74 are associated with reduced DNA-binding of HIF-1( and subsequent downregulation of vascular endothelial growth factor (VEGF), involved in angiogenesis.
To evaluate which genes are differentially expressed between M74-affected and healthy fry, we have used cDNA microarray approach. Based on the microarray data, the fry dying during the first third of the yolk-sac stage are characterized by a strong stress response and upregulation of stress- and extracellular matrix-associated signalling transcripts. The fry dying at the halfway of yolk-sac stage suffer from pronounced downregulation of hemoglobin biosynthesis, occurring at the period of hemoglobin switching from embryonal to adult types. This finding agrees with the results showing reduced DNA-binding of HIF1-(, which in mammals regulates erythrocytic differentiation. The fry dying at the last third of yolk-sac stage show gene expression responses to prolonged stress, inhibition of cell proliferation and loss of cell contacts. At terminal stages, all M74-fry show similar downregulation of chromatin components and upregulation of genes involved in apoptosis, indicating that cell growth and proliferation are diminished and cell death is increased. 
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Figure 2. Working hypothesis of molecular events leading to mortality in fry dying at different periods of yolk-sac fry development.

In conclusion, the data hitherto gathered suggest that early mortality syndrome in Baltic salmon yolk-sac fry results from oxidative stresses disturbing developmental expression of several different genes depending of the severity of the M74-syndrome, which eventually leads to cell death and mortality by activation of similar mechanisms cell proliferation arrest and death gene expression. In future studies we will be investigating the mechanisms by which oxidative stresses develop in yolk sac fry, including the possible involvement of the natural food of Baltic salmon. 
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