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Summary
The Comparative Clinical Science Advisory Panel to the Comparative Clinical Science Foundation (CCSF), appointed by the MRC, met in October and December 2007.
Members:
Sir Peter Morris (Chair)
Jane Betts

Professor Peter Biggs

Dr Alan Doyle, Wellcome Trust

Professor Gary England

Professor Paul Flecknell

Dr Lesley Heppell, BBSRC

Professor Graham MacGregor

Professor Robin Weiss

The Terms of Reference of the Advisory Panel were to undertake horizon scanning in the field of comparative clinical sciences and to advise the General Board of the Comparative Clinical Science Foundation on the:
· Development of scientific strategy across comparative clinical sciences including research training, special issues in clinical research etc.;

· Most appropriate balance of forms of support for building research capacity in the field;

· Opportunities for new partnerships, exploitation of research and the interface with users;

· Assessment of applications received.

The Advisory Panel recognises that many diseases are shared by animals and man, and believes that study of spontaneous disease in animals offers the potential for great benefit since many diseases produce similar clinical signs, have a common biology and respond similarly to treatment.

The Advisory Panel understands that there is a large population of pet and production animals that could provide a virtually untapped resource for research. The Advisory Panel believes that the study of appropriate and spontaneous models of animal disease will provide a unique combination of authenticity and ethical acceptability. 

Following wide debate the Advisory Panel concludes that there is great potential benefit in collaborative comparative medicine research where the core is rigorous investigation and comparison of analogous or similar diseases or biological mechanisms in different species; essentially the principle of ‘One Medicine’. 

The Advisory Panel proposes that a series of ‘Principles’ be used to define comparative medicine research, namely:
1. Comparative medicine is the study of spontaneous disease in animals, where;

2. The disease is sufficiently common in animals to enable suitable clinical studies, and where;

3. The same, or similar, diseases of clinical or financial importance occur in man, and where;

4. Any funded research programme explicitly includes collaboration between veterinary surgeons and medical researchers, and where the expected outputs are;

5. Of biological relevance per se, and where there is also; 

6. The potential for animal and human benefit.

The Advisory Panel recognises the difficulty that the Comparative Clinical Science Foundation has in establishing a funding stream, since this requires an illustration of the benefits of comparative medicine research; essentially necessitating production of a portfolio of detailed potential projects. The Advisory Panel is cognisant that production of detailed research projects is unlikely to be forthcoming from the scientific community unless there is the potential for funding. Currently there are no funding streams for this type of work; essentially comparative medicine research is caught in a ‘Catch-22’. The ideal would be for a significant grant to be placed on the table for bids from interested parties.  There is, however, an initial issue of the readiness of the two professions to take up such a bid.

The Panel therefore advises that a first move will be to create capacity in this new field. It is pleased to report that the Wellcome Trust has offered to arrange collaborative workshops in the key target areas. 
The top three of the following list were considered to be the priority research areas:

1. Multi-factorial disease and diseases of shared environments.

2. Patho-physiology of enteric disease and infectious disease.

3. Genetic predisposition as a risk factor in disease.

4. Pre-natal / neonatal influences on the development of adult disease.

5. Senescence.

6. Management of pain.

7. Neoplasia.

8. Traumatic and degenerative disorders 
The Advisory Panel further recommends that this research review be widely circulated to academic and professional organisations to seek their views on potential research bids.
Background 
In August 2000 the MRC endorsed a proposal from the Royal College of Veterinary Surgeons that they should ‘subject to satisfactory additional funding’ establish an MRC Comparative Clinical Science Panel. 

The Comparative Clinical Science Foundation was formed in 2001 with funding from a number of veterinary professional bodies and private individuals. Despite considerable work the CCSF has yet to secure funding from potential donors, principally because donors need to understand the details of potential research projects and their possible benefit before committing to funding. The challenge of stimulating viable potential project proposals is that pressure for academics is to produce detailed proposals only when there is a realistic funding stream available.

The CCS Advisory Panel met in October and December 2007 and has produced this current document as a method of supporting the Comparative Clinical Science Foundation General Board, and to recommend a way forward.
Strategic Position

The Advisory Panel believes that the key strategic aims for the Comparative Clinical Science Foundation are to:

1. Define Comparative Medicine.

2. Articulate the potential benefits of comparative medicine research.

3. Produce a portfolio of potential research projects to attract philanthropic donation.

4. Engage potential donors and secure funding.

The Advisory Panel believes that this current document will help clarify points ‘1’ and ‘2’ of the strategic aims. 

Furthermore, the Advisory Panel proposes a mechanism for collating a range of possible research projects to enable the Comparative Clinical Science Foundation to deliver aspects ‘3’ and ‘4’ of the strategy. The preferred mechanism would be to secure funding for a single ‘Foundation Grant in Comparative Medicine’ and to use the expressions of interest resulting from that call as a portfolio of research illustrations and priorities.  There is, however, an initial issue of the readiness of the two professions to take up such a bid.  The recommended immediate priority is to undertake some capacity building workshops supported by the Wellcome Trust, which has already committed a substantial sum to improve capacity in veterinary science.

The Potential for Comparative Medicine 

The Advisory Panel is clear that there are significant advantages in studying spontaneous disease in animals as models of human disease since; (1) There are a large number of spontaneous diseases that are analogous or similar to the human disease, (2) Many of these spontaneous diseases occur in animals with high prevalence, (3) Many of the diseases are of great importance to both man and animals, (4) The spontaneous diseases in animals are often better models of the human disease than an induced disease in a laboratory rodent, (5) Many diseases are biologically comparable, have a common disease course and respond to therapeutic interventions in a similar way to that seen in man, (6) Animal pedigrees are often well documented and animal breeders and the veterinary profession are ‘good’ at studying and recording information from animal populations, (7) Most breeds have a ‘stud book’ which has closed the gene pool, (8) The time to reproductive maturity is short and specific matings can often be arranged, (9) Some species produce multiple offspring and the time to maturity is short, facilitating study of both the adolescent and adult, (10) The total lifespan of animals is shorter than in man, (11) There may be potential allometric advantages of using animal species, (12) Some animals (e.g. dogs and cats) share the same environment as man, (13) there is great opportunity for controlling risk factors (that may not be possible in man), and (14) animals may allow the assessment of new therapeutic strategies ahead of their use in man.

The Advisory Panel does not believe that it is within its remit to devise individual research projects within the field of comparative medicine. Nevertheless, the Advisory Panel have had wide ranging discussions around a number of clinical diseases that meet its defining principles within comparative medicine research.  These discussions have specifically been wide-ranging and have expanded themes from those described to the MRC in 2000 by Professor Michell:

1. Multi-factorial disease and diseases of shared environments.

2. Patho-physiology of enteric disease and infectious disease.

3. Genetic predisposition as a risk factor in disease.

4. Pre-natal / neonatal influences on the development of adult disease.

5. Senescence.

6. Management of pain.

7. Neoplasia.

8. Traumatic and degenerative disorders
The Advisory Panel emphasises that these themes are not exhaustive nor exclusive, neither are they an attempt to restrict the areas of comparative medicine research; rather they serve solely to illustrate the large potential for research outcomes.

In discussing the example areas, the Advisory Panel has given thought to the analogous or similar diseases or biological mechanisms of suitable prevalence, and considered the possible studies that might be undertaken and potential animal and human benefit that may arise.

1. Multi-factorial disease and diseases of shared environments

There are many spontaneous multi-factorial diseases affecting animals that fit with the Advisory Panel’s defining principles. Chronic renal failure / hypertension and dilated cardiomyopathy are good examples of such possible research areas.

Chronic Kidney Disease

Chronic kidney disease is an extremely common syndrome of the ageing cat. It is estimated that 1 in 3 cats over the age of 12 has evidence of kidney dysfunction, and kidney disease is one of the most common reasons for owners of aged cats seeking veterinary attention. 

In common with non-diabetic and non-glomerular human kidney disease, there are several key questions that need to be addressed to understand this disease syndrome and to improve the quality and length of life as well as providing biological information that may be of significance for both species. Strategically planned and collaborative studies of the large population of pet cats may allow an understanding of (1) The environmental and genetic factors that underlie the primary pathological processes that damage the kidney throughout life leading to loss of functioning nephrons, (2) The pathological processes that are involved in ‘intrinsic progression’ of chronic kidney disease which, in the absence of extrinsic factors causing renal damage, lead to progressive renal injury, interstitial fibrosis, mild chronic interstitial inflammation and further loss of functioning nephrons, (3) The relationship between systemic hypertension and chronic kidney disease (for example why are some 20% of cats with chronic kidney disease severely hypertensive (systolic pressure >170mmHg) whereas 50% of cases with this syndrome are able to regulate their blood pressures below 140 mmHg systolic without treatment?).

As an example of the clinical material that could be available for study, at the Royal Veterinary College, University of London, they have archived blood, urine and DNA samples (stored at -80C) from over 1000 cats, many of which were subjected to longitudinal follow-up with repeated examination and sampling from diagnosis to death (whereupon post-mortem examination is undertaken and tissue pathology characterized whenever possible). Local veterinary practices also provide access to aging normal cats for longitudinal prospective study to identify risk factors for development of azotaemic kidney disease. 

The Advisory Panel believes that a comparative approach to chronic kidney disease in ageing cats and people could: (1) Identify shared environmental factors that damage the kidney, (2) Suggest candidate biomarkers of progressive renal injury and candidate genes increasing susceptibility of renal hypertension, (3) Facilitate intervention studies for proof-of-concept of novel therapies that slow progression (as evidenced by changes in biomarkers of renal fibrosis) where the end-points are more rapidly reached in cats that they can be in human patients.

The Advisory Panel recognises that this is a particularly good example of a spontaneous disease of high prevalence that meets the defining principles of comparative medicine. 
Dilated cardiomyopathy
Dilated cardiomyopathy (DCM) is a common disease affecting many breeds of dog including the Doberman, boxer, cocker spaniel and a number of giant breeds of dog; DCM is likely to affect up to 10-20% of Irish wolfhound dogs. The affected breeds represent a significant proportion of the population of dogs kept as pets. 

In many of the giant breeds the disease often presents with a sub-clinical dysrhythmia (usually atrial fibrillation) with echocardiographic abnormalities that is well tolerated before congestive cardiac failure develops. The very slow progression of the disease and prolonged pre-clinical stage resembles very closely the human disease, but over a shorter timescale. Dogs respond to treatment in a similar manner to man.

The faster generation time in dogs, large numbers of non-identical siblings in a litter and multiple mates in naturally occurring pedigree dog families lend themselves to study of genetic techniques such as linkage analysis or quantitative trait analysis for complex disorders. Recent studies have demonstrated, using segregation analysis, that among all other tested models a mixed monogenic-polygenic model including a sex-dependent allele-effect best explains the segregation of affected animals. A pure monogenic inheritance of DCM could be significantly rejected in favour of the major gene and most general model. The gene action of the major gene was significantly different between female and male dogs.

The Advisory Panel recognises that a comparative approach to DCM in dogs and people could: (1) Offer great opportunity for investigation of the aetiology and shared environmental factors of DCM, (2) Establish potential predisposing causes including genetic and diet-related factors (dietary factors have been implicated in the pathogenesis of DCM in the cat and a number of canine breeds), (3) Facilitate the evaluation of novel treatments (spontaneous DCM in the dog provides an authentic model for DCM that has previously been used as a model to assess the effectiveness of skeletal muscle aortic counter-pulsation in the management of the condition).

The Advisory Panel believes that study of DCM in dogs a highly relevant example of a spontaneous disease of suitable prevalence that meets the defining principles of comparative medicine. 

2. Patho-physiology of enteric disease and infectious disease

The human health burden from enteric disease is enormous both in developed and developing countries. Diarrhoeal disease, caused by a variety of viral and bacterial pathogens, remains a major cause of mortality in developing countries where standards of hygiene are low and drinking water is poor quality. The World Health Organisation estimate that unsafe drinking water is responsible for up to 1.7 million deaths every year worldwide, much of this in children under five years of age (www.who.int/heli/risks/en). Poor hygiene is also responsible for stubbornly high incidence of typhoid in the same countries with an estimated global total number of deaths of 700,000 per year cause by S. Typhi; much of it multi-antibiotic resistant. Even in developed countries, enteric salmonellosis, as a food-borne pathogen costs up to $2.3 billion in the USA alone. The cost of other diseases of major interest, such as Crohn’s with an estimated nearly 50,000 cases in the UK and a cost of in excess of £100 million per year are also well documented whereas the cost of more minor infections may be unknown. Non-infectious problems such as colo-rectal cancer may be of less significance to developing countries whereas they are of increasing importance to developed countries (36,000 new cases every year in the UK at a cost of £1.1 billion). Thus the problem from infectious and non-infectious enteric disease in man across the world is considerable.

In many cases these diseases also occur spontaneously in pet and production animals (as examples up to 80% of dogs harbour Campylobacter species and between 10 and 70% of horses harbour Salmonella species) such that these represent ideal models for studying infection and control, in addition to their obvious value in controlling disease in the animals themselves for economic and welfare purposes. 

The alimentary tract represents a major complex ecosystem containing a dynamic microflora which has a considerable influence on the host in terms of its immunological maturity and protection against enteric infection. The role of the flora in the expansion of the T cell repertoire has been demonstrated by comparing germ-free pigs with animals colonised by a full flora or by individual bacterial cultures. Establishment of infections may be associated with disruption to the normal flora, for example following oral antibiotic administration prior to bowel surgery. The effects of this have been studied in pigs and poultry given growth promoting antibiotics with the consequent disruption of the normally inhibitory behaviour on colonisation by pathogens expressed by increased colonisation of enteric pathogens and the increased opportunities for transfer of antibiotic resistance in situ. The public health concerns are obvious. 

The longer term risks of oral drug therapy have been seen with the greatly increased incidence of Clostridium difficile in older hospital patients. This micro-organism is also an emerging pathogen in young pigs in which it also produces necrotic enteritis. The similarity of many of the hemodynamic parameters between man and pig suggests that the use of the pig to model host-pathogen interactions and the potential for prophylaxis either by immunological or non-immunological methods would be beneficial. The role of the flora in protection against pathogens has been explored and exploited in chickens and might also be done profitably using the pig as a model for man in this case. It is also well known from studies with germ-free animals, that the flora may also contribute to the severity of viral enteritis and thus be potentially harmful.


Many pathogens are able to colonise normal individuals. The patho-biology of Salmonella Typhi in man is poorly understood. A related serovar, S. Pullorum, produces a similar disease of chickens and, like S. Typhi, infection can result in a persistent carrier state. Following oral infection, S. Pullorum is known to subvert the intestinal inflammatory response of the chicken and invade by stealth. During disease-free carriage S. Pullorum persists within macrophages in the spleen and the organism is thought to induce a Th2-type response, characterised by high levels of antibody but a poor cell-mediated immunity, unlike other Salmonella serovars which induce a Th1-type response. Reversal of this response by immuno-modulation using live vaccines may also help to reduce carriage of S. Typhi in man.

Immuno-modulation from a Th1 to a Th2 response may also occur in man during Crohn’s disease as it also may occur in the different forms of leprosy. There is a body of opinion that it may be the result of infection with Mycobacterium paratuberculosis originating in part from cattle where it causes Johne’s disease. Elucidating the basis of a similar immune-modulation in cattle may open up an exploration of potential control mechanisms for the disease in man.

Diarrhoeal diseases of children are frequently multi-factorial and a variety of enteric viruses (rotavirus, coronavirus, astrovirus etc) may be isolated together with bacterial pathogens such as enterotoxigenic Escherichia coli (ETEC). In the young of variety of animal species such as pigs, cattle and sheep, ETEC bacteria colonise the small intestine by adhering via surface fimbriae in large numbers and induce fluid and salt secretion by the production of the enterotoxins LT and ST. These animal models have been used as a basis for successful vaccine development for diarrhoea in children. The molecular basis of Salmonella-induced enteritis in man was also elucidated using natural enteritis in calves and the role for the Type Three Secretion Systems (TTSS) and some of the secreted proteins associated with them are now accepted as the cause of the fluid secretion in both species.

Apart from the obvious value in using naturally occurring animals disease for studying the pathogenesis of human disease in detail, the Advisory Panel believes that there are many examples where comparative approaches to infection control can be explored in this way; (1) The Th2/Th1 immuno-modulation can be studied as indicated above and attempts to influence these effects to the benefit of the host can also be explored, (2) The anti-inflammatory effects of vaso-active intestinal peptide in spontaneous murine salmonellosis can be extrapolated to man and its effects against arthritis in man can also be explored in the natural disease in dogs, (3) The induction of novel rapid forms of resistance to Salmonella-induced enteritis by stimulation of innate intestinal immunity following oral administration of live attenuated vaccines have been explored in pigs and may also extended to man to control intestinal infection, and (4) The administration of live vaccines to young chickens and pigs can result in profound resistance to establishment of bacterial pathogens, as an exclusion effect, which can be further exploited to control colonisation by pathogens in immuno-compromised human patients, such as those susceptible to C. difficile infection.

3. Genetic predisposition as a risk factor for disease

Dogs have 380 known genetic disorders, with specific breed predispositions, and the majority have exact human analogs. The large litter sizes and extensive pedigrees of dogs allow study and progress in diseases that in humans are difficult to study because they are sporadic. Furthermore, the dog satisfies the underlying assumptions for linkage disequilibrium mapping far better than in humans, mainly because of the requirement for isolated populations and large multigenerational pedigrees (in most show dog breeds the gene pool was closed approximately 200 years ago). Moreover, human disease tends to involve a variety of mutations in a particular gene, among different individuals, whereas in dogs the mutation tends to be consistent throughout the affected population. The research advantages of rapid generation time, large litters, and selective breeding are self-evident.
A number of diseases offer great potential within the Advisory Panel’s defining principles of comparative medicine, but perhaps canine allergic dermatitis provides the best example for potential research opportunities.

Canine allergic dermatitis

The prevalence of human atopic disease has risen in recent decades and is now estimated to exceed 30% in developed countries. The disease affects more than 10% of children at some point in their childhood. The rising prevalence of asthma, allergic rhinitis and allergic dermatitis in western societies has been closely linked to increased allergen load, a greater exposure to noxious pollutants, decreased family size, reduced microbial load and exposure to infection at a young age, an increasingly urbanized environment, and changes in dietary habits. 

Canine allergic dermatitis occurs in many purebred and cross-bred dogs with a high prevalence including, amongst other breeds, the Boston terrier, boxer, Dalmatian, golden retriever, Labrador retriever, English and Irish setters, cairn terrier, and west highland white terrier. Interestingly, some breeds are particularly noted to have a low risk including the poodle. Across the total dog population a prevalence of 15% is commonly proposed. The typical age of onset of canine allergic dermatitis is between 6 months to 3 years, similar to the 3-4 years of age seen in children. Spontaneous allergic dermatitis in dogs has remarkable clinical similarities to allergic dermatitis in humans. 

Genetic make-up is believed to increase susceptibility to atopic diseases. Abnormal IL-4 gene expression, mutations of the IL-12 receptor, polymorphism of the beta subunit of the high affinity IgE receptor, and genetic variants of mast cell chymase, have all been associated with allergic dermatitis predisposition in humans. 
A recent study of higher IgE-responder beagle dogs suggested that the capacity to produce high levels of IgE was inherited in a genetically dominant manner. However other work suggests that the onset of clinical disease is dependant upon unknown environmental factors as well as the genetic predisposition to development of high levels of IgE. The rise in prevalence of the disease in animals and man in a relatively short period of time suggests that environmental factors play an important role superimposed upon the genetic predisposition.

The Advisory Panel recognises that in both species, genetic predisposition and an association with IgE-mediated sensitization are key factors in the establishment of clinical disease. Furthermore, recent identification of the immuno-pathogenic factors of importance in canine allergic dermatitis have been found to be very similar to those involved in the pathogenesis of allergic dermatitis in humans. 
Together with the fact that in canine experimental models, the same environmental (human) allergens induce immunological and clinical changes consistent spontaneous allergic dermatitis, and the particular dog breed sensitivities and resistances, the Advisory Panel believes that spontaneous canine allergic dermatitis offers perhaps the closest model for the human disease, and forms a great opportunity for comparative medicine study.

4. Prenatal or neonatal influences on the development of adult diseases

Whilst the role of animals in the study of prenatal influences upon adult disease is often limited to sheep or rat models of Barkers’ hypothesis, there is much more that can be studied as part of spontaneous disease occurrence in animals. One particular example is ‘Diabesity’.

‘Diabesity’ in animals and man

At present there are more (60-70% of western populations) overweight (i.e. having a body mass index (BMI) of 25-30) humans than those defined as having a healthy weight (BMI, 20-25). The numbers considered to be obese (i.e. BMI greater than 30) are also on the increase (25-30%). Obesity shows a strong positive correlation with Type 2 (maturity onset) diabetes. At the turn of the century 171 million people were estimated to have diabetes and this is predicted to increase to 366 million by 2030. The healthcare costs of obesity, diabetes and co-morbidities such as hypertension, kidney disease, blindness and limb amputation are estimated, in the US alone, to be $132 billion in 2002, $156 billion in 2010 and $192 billion in 2020. Diabesity therefore represents the most significant, preventable risk factor for global health.

Obesity is multi-factorial with potential aetiologies at all biological levels i.e. genetic, physiological and sociological; but essentially, simply reflects a mild, positive energy balance over time. In humans over the last 60 years the evidence is clear, since as total energy intake has declined energy expenditure must have reduced by a much greater extent. Meta-analyses have also identified ‘other’ putative contributors to the secular increase in obesity including environmental toxins, increased thermo-neutral protection and developmental ‘programming’. 

Programming is defined as an early stimulus or insult having lifelong consequences. Three developmentally ‘critical’ periods for induction of adult obesity exist; (1) prenatal, (2) childhood and (3) adolescence. During each of these periods the role of a balanced nutritional and physical activity environment is paramount; a nutritionally poor fetal environment increases the risk of offspring obesity as does excessive nutrition, for example, in the offspring of obese mothers or those with gestational diabetes. Thus, for the future, there is a clear risk that the incidence of obesity may ‘feed-forward’ with increasing rates of obesity in pregnant mothers leading to increased obesity in their offspring ad infinitum. These ‘maternal’ predisposing factors have not been included in any obesity incidence or financial projections and so the real cost of obesity in the future is likely to be much greater than currently thought.  

In a USA study in 1995, 34% of adult dogs (n=21,574) were found to be obese. The associated co-morbidities of obesity in companion animals are similar to those described for humans including; orthopaedic disease, dyslipidaemia, cardio-respiratory disease, renal dysfunction, reproductive disorders, neoplasia (mammary tumours, transitional cell carcinoma), dermatological diseases and anaesthetic complications. Whilst data regarding the relative contribution of increased energy intake and/or decreased energy expenditure toward the obesity epidemic in companion animals is relatively sparse, it is clear that a combined interventional approach to increase physical activity in owners and their pets yields significant benefits, such as a 15 and 5% weight reduction in the pets and their owners, respectively. 

Experimental data in animals has clearly shown a role for the maternal environment in increasing the tendency of the offspring to develop increased adipose tissue mass or increased blood pressure with age. Clearly, therefore, there is an opportunity to interrogate the aetiology or developmental pathway towards obesity and its co-morbidities in animals, whether pet or production animal, and to develop strategies aimed at its reduction, with a view to using similar strategies in the human population. Animals, after all, are largely free of socio-economic bias, habit similar environments to humans (small companion animals) and generally live shorter lives. Thus, data such as cause of death together with an individual’s life history can be collected and interpreted against, quite often, a relatively homogenous genetic background. 

The Advisory Panel believe that (1) Gene-environment interactions may be usefully explored in companion animal databases – a technique (whole-genome scanning) that may begin to yield interesting genes of interest, such as the FTO allele, in the human population and (2) In the context of gene-environment interactions, the interesting species-specific susceptibilities to diabetes with age-related obesity can be explored in animals with potentially significant outcomes for human health.

5. Senescence

Over the past 30 years, human life expectancy has increased from age 71 to age 77. Fortunately, whilst population ageing has created additional health and care needs, the economic cost has been moderated by a reduction in the prevalence of disability in the aged population. Whether the rate of decline of age-disability will keep pace with increased longevity is uncertain, but what is clear is that, associated with a falling birth rate, in the UK alone there will be 2.4 million more people over the age of 65 in 2017 than there are in 2007.

There is a similar population of ageing cats and dogs in the UK, probably associated with better diets and medical care. It is estimated that one third of the UK’s 10 million dogs is now aged. The increased lifespan of dogs has been accompanied by a major increase in the prevalence of age-related diseases and conditions. Aged animals demonstrate clinical signs similar to those seen in humans including reduced mobility, exercise intolerance, increased risk of infection, decreased rate of recovery and behavioural disease. 

Debility

One of the most striking features of old age is an impaired motor performance which, in man and domestic animal species, is gradual and progressive. This age-induced reduction in neuromuscular performance is slow at first but later accelerates leading to decreased muscle mass, phenotypic shift to a slower fibre type, decreased muscle strength and increased fatigability. Equally important are age-induced changes in the ability of skeletal muscle to respond to environmental stimuli.  In humans there is a gradual loss in skeletal muscle mass (sarcopenia) of about 6% per decade from 30 years of age onward. Similar changes occur in ageing animals.

A major question arising from these observations is whether the loss in muscle mass is due to intrinsic degeneration of the muscle fibres or results from denervation.  In contrast to the normal mosaic pattern of fibre type distribution observed in adult human muscle, fibre types in muscles from elderly subjects tend to be grouped - a finding indicative of recovery from denervation. Counting the number of motorneurons in the spinal cord or the number of large axons in the ventral nerve roots has shown an age-related loss of motorneurons. Electrophysiological analysis of motorneuron populations have shown that in humans, the number of functioning motor units is reduced to less than half its original size by the age of 70. Motor units are also larger in elderly humans and animals. The decrease in motor unit number and the increase in motor unit size appear to be a product of motorneuron loss and collateral re-innervation by remaining axons. 

Present evidence, from both human and animals, indicates that there is a continual pattern of denervation and subsequent re-innervation of muscle fibres during the ageing process.  Such denervation and reinnervation during ageing may be an extreme consequence of the normal process of nerve-muscle end-plate maintenance.  The plasticity of the nerve muscle endplate is ensured through continual remodelling. Whilst electrophysiology can to some extent be performed on humans, analysis of neuromuscular junction (NMJ) morphology can only be carried out in animals, and is especially useful where large numbers of siblings are available and where there can be control of environmental risk factors. Furthermore it has been shown that degeneration of the NMJ and associated motor axon and muscle fibre loss can be prevented by altering the environment around the NMJ. To examine the mechanisms involved in this process also needs the development of specific animal models but holds out the potential to markedly retard the normal age-induced deterioration in the human neuromuscular system.

Inactivity caused by long term bed rest or limb immobilisation leads to a rapid loss of skeletal muscle-mass. In younger people, muscle-wasting is readily reversible, in contrast to older people. A common clinical observation in many nursing homes is that mobile aged individuals subjected to a period of immobility have such severe muscle wasting that they are unable to return back to mobility.  This ability of skeletal muscle fibres to recover resides in a population of muscle adult stem cells, known as satellite cells.  To date most studies on these stem cell populations have been carried out on mice or humans (from biopsies). In both cases it is difficult to obtain sufficient tissue to obtain enough satellite cells to characterise their sub-populations. These cells hold out great potential not only with regard to sarcopenia but also to the repair of cardiac muscle. The pig holds out the greatest potential for the characterisation of these cells as well as their application with regard to tissue engineering in scenarios that are directly analogous to those in the human.

Behavioural disease

A decline in memory and cognitive ability is a normal consequence of aging in humans. This is true in virtually all mammalian species. Dogs show a decline in their physical and cognitive performance, ranging from simple and mild reduction of psychomotor activity to severe 'senile impairment', a pathological condition classified as 'canine cognitive dysfunction syndrome'. This disease may include disorientation, irritability and/or aggression. Cognitive dysfunction, which has similarities to Alzheimer Disease in humans (in terms of its neuropathology, beta amyloid formation, and behavioural signs) is widely recognised in dogs.  

In human medicine, a variety of neurotransmitter abnormalities have been described in patients affected by age-related dementia. In veterinary medicine, studies investigating age-related pathological changes in the dog brain suggest an alteration of different neurological structures during ageing. Moreover, some forms of canine senile dementia are associated with high levels of lactate and pyruvate in the cerebrospinal fluid. Such research seems to suggest that canine senile dementia is a promising model for examining cellular and molecular processes involved in human age-related conditions, such as Alzheimer Disease. 

The Advisory Panel is well aware that studying the key influences on the ageing human population presents some significant disadvantages; the characteristics of old people do not manifest until they are old. In animals there are major advantages of shorter lifespan and significant breed differences. When humans get old their obvious control groups (siblings and spouses for example) are no longer available for study, whilst in animals there are frequently large numbers of control animals available. The Advisory Panel believes that study of animal ageing offers great potential within the field of comparative medicine.

6. Management of pain

Pain research in laboratory animals is still considered an essential part of the drive to develop new therapies and understand the mechanisms of pain and analgesia. Although laboratory animal models have made, and continue to make, an important contribution in this area, they have a number of limitations. 

The use of naturally occurring pain states in a range of species can provide a different approach to gaining new information about pain. This has already been achieved in studies involving foot-rot in sheep, mastitis and lameness in dairy cattle, and most recently, diabetic neuropathy in cats. The potential significance
of these, and other, conditions as natural models for the study of pain was one of the factors that led to the formation of a special interest group within the International Association for the Study of Pain. This group, "Pain and Pain Management in non-human species" will hold its first meeting as a satellite meeting of the next IASP meeting and will have as one main theme the use of spontaneous animal disease as a model for studying the mechanisms and alleviation of human pain. 

Given the contentious issues raised by pain research that deliberately induces pain in animals in order to study it, the Advisory Panel proposes that an approach that uses spontaneous disease has much to recommend it. These methods would not replace the use of animals in pain research, but would complement that and lead to new insights of benefit to both man and animals.

7. Neoplasia

It is believed that world-wide there are more than 10 million human cancer cases annually with more than half of all men and one-third of all women in the western world being likely to have some form of cancer during their lifetime. Cancer is a leading cause of human mortality accounting for over 6 million deaths a year world-wide. 

The dog has the highest rate of malignant tumours in the domestic animal species and is second only to the horse for benign tumours. The prevalence of canine cancer is approximately 4% of the population. Interestingly, dogs present with similar cancers to humans, often with similar incidence. Neoplasms have similar biological properties regardless of species, they cause diseases with a similar clinical progression and their responses to treatment are almost identical. Not only does the prevalence cancer in dogs have significant implications in terms of health and welfare for this species, but is also suggests that the dog may represent a natural out-bred model of cancer for parallel studies in humans. Studies on avian, feline and bovine retroviruses have in the past made significant contributions to our overall understanding of carcinogenesis and the discovery of oncogenes and tumour suppressor genes. Further contributions to our understanding of viral oncogenesis have come from studies on the DNA Papilloma viruses in cattle and horses, which has complemented work on cervical cancer in humans. These studies have helped dissect the mechanisms of carcinogenesis at a fundamental level and have provided clues to novel therapeutic targets and vaccine strategies.

A good example of how spontaneous cancer in animals may provide a model for humans is in the field of telomere and telomerase biology. Telomerase is reactivated in cancer but is absent in normal tissue, making it a near universal marker of malignancy. Whilst telomere biology of the mouse differs significantly from that in man, a large canine study demonstrated that the biology in the dog mirrored that in humans. Telomerase represents a completely novel target for anti-cancer therapies in both human and veterinary patients.

Furthermore, recently the Animal Health Trust in collaboration with researchers at the Wellcome Trust Sanger Institute and North Carolina State University have developed and optimised canine DNA microarrays. These contain unique sequences cloned from canine bacterial artificial chromosomes that provide regularly spaced markers across the entire canine genome, including the sex chromosomes. Probing of these microarrays with DNA preparations taken from canine tumour preparations enables small losses or gains of chromosomal DNA to be detected. With the imminent finalisation of the complete nucleotide sequence of the canine genome, genes affected by such chromosomal aberrations will be able to be rapidly identified and the functional significance of these changes determined.  The Animal Health Trust has in collaboration with the Wellcome Trust Sanger Institute, developed a comparative map of evolutionarily conserved human/canine chromosome segments. This enables accurate prediction of the location of any canine gene where the chromosomal location of the human homologue is known, and vice versa. It also permits direct comparison of chromosome material involved in aberrations detected in clinically-related human and canine cancers; moving towards establishing any common genetic basis. 

The Advisory Panel believed that study of spontaneous cancer in dogs provides an excellent example of collaborative comparative medicine research.

8.  Traumatic and Degenerative Disorders
Humans and animals suffer a number of traumatic and degenerative disorders. Several of these are common across a number of species and offer opportunities to investigate underpinning biology using a comparative medicine approach.

As a specific example researchers at the University of Cambridge have been investigating the effects of therapeutic interventions in clinical spinal cord injury in domestic dogs. Whilst laboratory rodents have offered a useful opportunity to study spinal cord injury there are important differences including the size of the spinal cord and heterogeneity of injury severity. Importantly a further key issue is whether the laboratory rodent model will translate into a useful clinical outcome. The causes of injury, ability to categorise the severity and methods available to measure outcome are very similar between canine and human patients, and the shorter lifespan of dogs enables a more rapid investigation of outcomes even in successful cases. Veterinary researchers have been able to exploit these similarities in disease biology particularly for example for study of intraspinal transplantation of olfactory glial cells for severe spinal cord injury. This is an excellent example of the canine translational model providing a means of 'filtering' putative treatments before human application.

Conclusion

The Advisory Panel recognises that research into spontaneous disease of animals offers an unprecedented opportunity for understanding common biological principles underpinning a multitude of diseases affecting animals and man. Internationally, there is a lack of collaborative research between medical and veterinary research workers, and the Advisory Panel believes that significant strategic funding for comparative medicine research offers a huge potential for improving the health of both animals and man.

Sir Peter Morris, FRS

Chairman CCS Panel

Acknowledgements

The Advisory Panel wish to thank the following academics who have provided valuable insight into aspects of comparative medicine research:
Professor David Argyle (University of Edinburgh)

Professor Paul Barrow (University of Nottingham)

Professor Malcolm Cobb (University of Nottingham)

Dr David Gardner (University of Nottingham)

Dr Paul Loughna (University of Nottingham)

Professor Bob Michell

Professor Jonathan Elliott (Royal Veterinary College)

Comparative Clinical Research Foundation, 2008. All rights reserved. No part of this publication may be reproduced, photocopied, stored on a retrieval system translated or transmitted without prior consent of the publisher.
Page 15

