Understanding Bedlington Terrier Copper Toxicosis

Copper toxicosis results from a failure of the body to regulate its copper content, in plain terms it is a failure to get rid of the excess copper taken into the system from the diet.

What is excess copper? Copper is necessary for survival and is taken in with food in generally more than sufficient quantities; however it can be highly toxic over a certain level and normally only sufficient for the support of life is stored in the liver, any extra to requirement is packaged and excreted into the bile. If this normal regulatory process is not working properly then copper will accumulate and can damage the liver. This regulatory activity is genetically determined and if mutations occur in the gene or genes responsible it results in the build up of copper and a toxicosis which can occur in people with Wilsons disease and in some breeds of dogs, principally Bedlington terriers. Copper toxicosis also occurs in sheep particularly some breeds (North Ronaldsay) which makes it similar in this respect to the canine disease.

What is normal copper?  In a survey involving 154 Bedlingtons we found a mean value in unaffected Bedlingtons (1y and over) to be 181g/g DW with a range of 20-385g/g (Haywood et al, 2001).This tallies well with reports from others and generally it is acknowledged that over 400g/g is abnormal. This level of copper I refer to as the upper safety threshold, it is a biological threshold; there is no sliding scale of complete safety above this level. In depth biochemical investigations coupled with electron microscopy have shown that at this threshold the balance between safety and toxicity of copper becomes very unstable and liver damage becomes very likely involving a process known as oxidant stress. 

Does copper in excess of the threshold level of 400 g/g always cause clinical disease? No,not always. Sensitive indicators of liver damage such as blood liver enzymes ALT, AST, GDLH are invariably elevated and low level pathological changes can be seen under the microscope but this is not necessarily experienced by the animal as disease i.e ill health. Very often the dog will continue to accumulate copper which it manages to tolerate by a combination of efficient ‘packaging’ of the dangerous metal (known as sequestration) and natural antioxidant chemicals which it produces in response to the oxidant stress. This process can continue for months and years until the liver is sufficiently damaged (cirrhosis) to result in liver failure and the result is classical copper toxicosis with liver copper well into the thousands (1000-14,000 g/g).
Copper toxicosis can take different forms. Animals vary in their ability to protect themselves against the damaging effects of copper and this natural variation is possibly responsible for the different forms the disease can take:
Thus in 30 yrs of studying well over 200 Bedlington livers I have observed a wide spectrum of liver damage and disease. Illness can occur at concentrations of just a little over the threshold level of 400 g/g and anywhere in between up to a liver copper concentration of 14,000 g/g with irreversible liver damage (cirrhosis). I have also observed dogs which had died from ‘old age or natural causes ’ that on autopsy had levels of liver copper up to 10,000 g/g, a copper toxicosis which had been undetectable to their owners. Again I have encountered dogs which have undergone a fatal haemolytic crisis at comparatively modest levels of copper excess and paradoxically animals in which the build up achieved a plateau and even fell with time. These marked variations in the manifestation of liver disease (or phenotype ) may be genetically determined or may be a result of environmental effects such as stress. We just don’t know.

What are the genes that can control copper storage within the liver?

With the advent of microsatellite markers in late 1990’s Bedlington CT came to be associated with the presence of what is known as the 2-2 C4107 allele on a particular chromosome. Dogs carrying the 1-1 allele were considered free whilst 1-2 dogs were carriers. In 2002, the apparent causative gene MURR1 (COMMD1) was identified by Dutch van den Sluis and coworkers which later was shown to contain the C04107 marker within the gene. Around this time we at Liverpool began to diagnose CT in Bedlingtons with 1-1, and 1-2 alleles some of which had died and lead to our publishing our findings in the Journal of Small Animal Practice (2001) 42,181-185.  This was later confirmed genetically by both US and Australian workers who found such CT affected dogs lacking the exon deletion in COMMD1 gene.

Search for the 2nd copper toxicosis gene

The hunt is now on for other copper toxicosis gene(s). We have a grant from the UK Kennel club to look for this gene(s) and Dr Diane Cox of Canada is similarly engaged in a complementary study.
We at Liverpool have amassed a data bank of Bedlingtons affected by copper toxicosis but lacking the COMMD1 gene deletion and possessing  microsatellite DNA markers 1-1 or 1-2. It is too early to say whether there is a difference in phenotype between the classical 2-2 form of the disease but this aspect is under scrutiny.

However it is accepted that COMMD1 is not the only copper storage gene in Bedlington terriers indeed according to Professor Cox not even the main gene! In saying this it would not be unusual since many if not most canine disease is associated with more than one and in some cases many genes.
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Postscript: 

Susan Haywood has over 30 yrs experience in the study of copper toxicity in animals including dogs (Bedlington terriers), sheep and laboratory rats. She is a recognized international authority and has published in academic journals, and including Conference Proceedings, well over 100 papers on the subject. She has studied copper toxicosis in all aspects from the clinical and pathological level to a deeper understanding of ultrastructure and  molecular biology. 

