THE STRESS OF HEALTH: PHYSIOLOGICAL RESPONSES TO IMMUNOLOGICAL CHALLENGE
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EXTENDED ABSTRACT ONLY - DO NOT CITE

Fish live in an environment where they are constantly exposed to potential pathogens; viruses and bacteria have been recorded at concentrations of up to 109 particles/mL of seawater (Hennes & Suttle 1995). The ubiquitous nature of pathogens represents one of the most serious biological challenges that fish encounter. While the physiological responses of environmental stress have been extensively examined in fish, there is a large void in the understanding of how fish react at a physiological level during an immune response. A closer examination of some of those relationships between immunological challenge and the physiological stress responses could help provide a more complete understanding of the changes an animal undergoes during such a challenge may assist in the development of more effective future therapeutic applications.

A series of experiments were carried out to investigate the changes in commonly measured indicators of the physiological and cellular stress responses during a series of immune challenges. We have reported previously that an active acute infection with Listonella anguillarum resulted in a classic stress response (Ackerman & Iwama, 2001). While this was not altogether surprising, what was intriging was the increase in the tissue levels of hsp70 preceding any clinical signs of infection and prior to peak blood levels of the bacteria. This was the first [image: image1.wmf]saline
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time that such a response was observed  during an acute bacterial infection. Previously, this had only been seen at the late clinical stages of a chronic Renibacterium salmoninarum infection (Forsyth et al, 1997)

We were interested in learning if the responses were merely towards to damage, likely caused by a live pathogen, or if they would be seen when fish were non-lethally challenged, and how cortisol factored into the equation. We chose to further investigate by examining responses to a killed bacterin based on the same primary isolate (Pacific Biological Station, Nanaimo, B.C., isolate number 98055) of L. anguillarum (106 cells/fish in PBS) and the endotoxic component, LPS (from E. coli (Serotype 026:B6, Sigma L3755) (35 mg/kg) in PBS). Further to this experiment, another study was carried out to examine the effects of live challenge, non-lethal immune challenge, and the effects of cortisol using two cell lines representing the tissues examined hsp70 in the whole animal studies. 
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Both a killed bacterin and LPS resulted in significant cortisol concentrations compared to controls in the whole animal study, but these changes were not as extreme as those seen in the live challenge indicating that an active infection generates a more extensive stress response than does vaccination. The bacterin challenged fish had a significantly lower plasma glucose level than controls or LPS challenged fish potentially indicating a greater energy requirement to address an immunological pressure. Of particular interest however, were the differences seen in the hsp70 response of the two tissues. Where previously, a live challenge led to an increase in hsp70 in the liver and head kidney tissues, only the LPS resulted in an increase in the head kidney tissue, and both treatments resulted in a significant decrease in hsp70 in the liver at 2d and 3d post challenge (Figure 1). 

A long term salmon head kidney cell line (SHK-1) and primary hepatocyte cultures were used to examine the effects of immunological challenge both in the presence and the absence of cortisol. Twenty four hour exposure again resulted in distinct differences between the two cell cultures (Figure 2). The SHK-1 cell line did not appear to be as responsive to the challenge as the hepatocytes did and relatively few differences were seen. The hepatocyte primary cultures displayed a distinct pattern where cells incubated with a physiological stress level of cortisol (300 ng/mL) had consistently greater hsp70 levels than cells incubated without the stress hormone. Interestingly, at a 4 hr sampling (data not shown) this trend was reversed in several of the treatments, most significantly in the live pathogen challenged cells, such that cells receiving a stress level of cortisol had a significantly lower hsp70 level. The samples taken at 4 hrs post challenge supports other studies that show an attenuating effect of cortisol on hsp70, yet the 24 hr sample (Figure 2) clearly shows that after a period, the attenuation appears to be overcome.

Ellis (1981) wrote that “In order to understand  and explain the mechanisms and physiological significance of the stress-stress response phenomenon, biologists need to adopt a multidisciplinary synthetic approach rather than the reductionist one which has proved so successful for understanding mechanistic aspects of biology but is inadequate for explaining the significance of physiological events in functional terms, which is surely, the crux of biology.”  Researchers are just beginning to tease apart the many roles that hsp70 plays in biological systems and it is perhaps important to note that many studies employ treatments outside the physiological norm. The challenges we have carried out indicate hsp70 plays a biologically relevant role in the physiological responses to an immune challenge, but the relationships are complex and require further study.  
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� EMBED SigmaPlotGraphicObject.7  ���� EMBED SigmaPlotGraphicObject.7  ��� Figure 2. Hsp70 levels in hepatocyte (top) and SHK-1 (bottom) cells 24 hrs following immune challenge. Significant differences (p<0.05, n=10) between treatments are indicated by superscript letters.  
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Figure 1. hsp70 levels in liver and head kidney tissues following non-lethal immune challenge. Significant differences (p<0.05, n=10) between treatments within a sampling period are indicated by superscript letters.  
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