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Gene Therapy in Large Animal Models of Human Genetic Diseases


Wolfe. Introduction: Gene Therapy in Large Animal Models of Human Genetic Diseases, pp. 107-111

Domain 1: Management of Spontaneous and Experimentally Induced Diseases and Conditions

Task 1: Facilitate or provide research support

Species: Large animals

SUMMARY: Genetic diseases and predisposition are issues of a major concern for the medical community. Since most genes in animals are homologous to those in humans, animal models are indispensable tools for biomedical research. Advances in genetics made it possible the completion of the genome sequences of several species, the understanding of the mechanisms of genetic diseases and the evaluation of potential therapies, like gene replacement, stem cells, and recombinant proteins. Genetic diseases occur naturally in animals. Mutations in orthologous gene cause similar alterations and clinical manifestation similar to those in human patients. These disorders are true homologous of the human disease rather than models. Since the frequency of occurrence of individual genetic disease is rare, identification of parents and establishment of a mutant colony, usually with backcross breeding, is required for further study. PCR assays enable tracking of the carriers of the mutation. The main advantage of studying genetic diseases in breeding colonies of large animals is anatomical: size, proportion and structure of organs are close to those of humans. In addition, large animals provide a more accurate model of the conditions presented in human diseases, for example in neural and retinal degeneration. Non invasive techniques of diagnosis developed in humans are suitable for large animals. Disease in large animals can be studied individually as in human, but at the same time, large cohorts of affected animals with outbred backgrounds, similar to that in human, are available for population studies. Finally, large animals live longer than mice, so longitudinal studies can be performed. Disadvantages of using large animals include: vivarium cost, long reproductive cycles and lack of some reagents. Complementary murine models of disease can be used.

QUESTIONS

1.
Select the basic types of gene delivery systems in large animal models:

a.
Direct viral vector injection

b.
Genetic modification of cells in culture followed by transplantation

c.
Micropumps that deliver genes directly in the cell nucleus

d.
There are no gene delivery systems in large animal models, only for mice models

2.
The most widely used viral vectors are based on:

a.
Retroviruses and lentiviruses

b.
Adenoviruses and adeno-associated viruses.

c.
Herpes simplex viruses.

d.
All of them.

3.
True or false? Retro- and lentiviruses have DNA genome; therefore they do not require a reverse transcription step to integrate into the host cell genome.

4.
Select the incorrect option: The limitations in using viral vectors for gene transfer include:

a.
Insertional mutagenesis and oncogenic transformation after integration into the host cell genome.

b.
Host immune responses to vector proteins

c.
Host immune responses to transferred gene product

d.
Short-term gene expression of therapeutic levels of the gene.

e.
The insertion of the gene into the virus genome.

5.
True or false? The goal of ex vivo gene therapy is to genetically engineer somatic cells derived from the affected individual to express the deficient enzyme in order to avoid transplantation barriers.

6.
Main disadvantages of large animal models include:

a.
The outbred background, which increase variability of the experimental data.

b.
Their size, which make difficult the animal manipulation.

c.
The high cost of maintenance in the animal facility

d.
The long reproductive cycles.

e.
The lack of some reagents for certain biomolecular techniques.

f.
 a and b options

g.
c, d and e options.

ANSWERS

1.
a and b

2.
d

3.
False

4.
e

5.
True

6.
g

Haskins.  Gene Therapy for Lysosomal Storage Diseases (LSDs) in Large Animal Models, pp. 112-121

Domain 3 – Research; TT3.3. animal models; TT3.6. characterization of animal models

Species: multiple species, including mice, dogs, cats, etc

SUMMARY: This paper reviews some of the different types of LSDs and discusses the therapies that have been attempted and are still being

developed including gene transfer technology.   Lysosomal storage

diseases (LSDs) are inherited metabolic disorders caused by deficient activity of a single lysosomal enzyme or other defects resulting in deficient catabolism of large substrates in lysosomes.  There are more than 40 forms of the inherited LSDs known to occur in humans, with an aggregate incidence estimate of 1 in 7000 live births.  Clinical signs result from the inability of lysosomes to degrade large substrates; because most lysosomal enzymes are ubiquitously expressed, a deficiency in a single enzyme can affect multiple organ systems.

QUESTIONS:

1.
What are lysosomal storage diseases (LSDs)?

2.
What are some of the clinical signs seen?

3.
What type of inheritance is seen with most LSDs?

4.
True or False: Naturally occurring animal homologues of LSDs have been described in all common domestic animals.

5.
What are some common animal models?

6.
Potential therapies include ____?

ANSWERS:

1.
Lysosomal storage diseases are inherited metabolic disorders caused by deficient activity of a single lysosomal enzyme or other defects resulting in deficient catabolism of large substrates in lysosomes.

2.
Some of the clinical signs include neurological, multisystemic effects with skeletal, CNS, cardiovascular, and ocular system involvement.

3.
Inheritance is autosomal recessive, with the exception of the two X-linked diseases, mucopolysaccharidosis (MPS) II and Fabry disease, neither of which has a natural animal model.

4.
True, naturally occurring LSDs have been identified in the mouse, rat, dog, cat, goat, cow, sheep, pig, guinea pig, emu, quail, flamingo, and black bear.

5.
MPS VII in mice and dog, MPS I in dogs and cats, MPS VI in cats, glycogen storage disease in Japanese quail, ML II in cats, globoid cell leukodystrophy in Cairn and West Highland white terriers, mouse and NHP, GM1 gangliosidosis Siamese cat, feline alpha-mannosidosis, GSD Ia in dogs, canine alpha-fucosidosis.

6.
Enzyme replacement therapy, heterologous bone marrow transplantation, gene therapy.

Koeberl et al.  Gene Therapy for Inherited Metabolic Disorders in Companion Animals, pp. 122-127

Domain 1: Management of Spontaneous and Experimentally Induced Diseases and Conditions; Task 1: Facilitate or provide research support

Species: Primary- dogs, other secondary species


SUMMARY: Inborn errors of metabolism, also called inherited disorders of metabolism, were discovered in the 20th century.  New metabolic screening tests have led to new methods of treatment, including gene therapy.  Inborn errors of metabolism are linked to enzyme deficiencies, typically due to autosomal recessive inheritance.  Each disorder leads to some pathology from the accumulation of a substrate, metabolite or deficiency of a product made by the enzyme.  Therapy has focused on compensating for the underlying enzyme deficiency through dietary or palliative therapies.  Enzyme replacement and gene therapy are also being studied to treat disorders.

Metabolic disorders can be classified according to the involvement of an enzyme belonging to a metabolic pathway.  The pathway requires a series of enzymes acting on a metabolite; thus amino acids disorders affect amino acid metabolism.  Other disorders include carbohydrates, fatty acid oxidation, mitochondrial oxidative phosphorylation, purine/pyrimidine, metal, and organic acid disorders.  Lysosomal storage disorders are unique and are discussed in a separate article.

Screening tests are used to quantify elevated compounds related to the disorder or enzyme deficiency or associated gene mutation.  Biochemical screening tests are effective since elevation of metabolites often can show a specific enzyme deficiency and/ or gene defect.  Organic acid analysis of urine is effective for detection of organic acid disorders.  Plasma amino acid quantification identifies amino acid disorders.  Acylcarnitine and plasma carnitine levels detect disorders of fatty acid oxidation.  Plasma lactate levels can show mitochondrial oxidative phosphorylation disorders.  Once the preliminary diagnosis has been obtained, more specific tests can be run to confirm the disorder.  Companion animals have served as models of genetic disease.  These colonies are important to evaluate safety of therapies for treatment.

Pathways Implicated in Metabolic Disorders of Companion Animals

Amino acid disorders: cystinuria, associated with nephrolithiasis in humans in dogs.  Identified in Newfoundland dogs with a non-sense mutation.

Carbohydrate disorders: Including glycogen storage diseases (GSD) - are the most prolific areas of companion animal metabolic disease research.  Several disease types have been reported.

GSD Ia - von Gierke disease- Maltese dogs with growth failure and early death.  Autosomal recessive.   Signs; Hypoglycemia, hepatomegaly, glycogen accumulations in liver and kidney, nearly undetectable levels of glucose-6-phosphatase in liver and kidney.  Missense mutation.

GSD II - Pompe disease- Lapland dogs.  Megaesophagus, exercise intolerance, recurrent emesis.  Glycogen accumulations consisting of vacuoles in cardiac, skeletal and smooth muscle.

GSD III- Cori disease- curly coated retrievers.  Exercise intolerance, lethargy at 12 months.  Accumulations of non-membrane bound glycogen in liver and skeletal muscle.

GSD IV- Andersen disease- Norwegian forest cats.  Hypoglycemia and neonatal death. Glycogen accumulations in skeletal muscles and neurons.

GSD VII - Tarui disease- English Springer spaniels in association with hemolytic crises and metabolic myopathy.  Phosphofructokinase deficiency in muscle caused ATP and phosphocreatine depletion in exercise.  Nonsense mutation.

Organic Acidemias

· L-2-hydroxyglutaric acidemia in Staffordshire bull terriers- seizures, ataxia, dementia, tremors.  

· Primary hyperoxaluria and L-glyceric aciduria- cats- nephrolithiasis, weakness, muscular atrophy.  Motor neuron degeneration and accumulation of neurofilaments.

· Imerslund-Gasbeck syndrome- border collies and giant schnauzers- erythroblastic anemia and methylmalonic aciduria.  Deficiency of the intrinsic factor - cobalamin receptor, cobalamin deficiency.

Primary Lactic Acidemia:  Disorders of Mitochondrial Oxidative Phosphorylation and Pyruvate Metabolism

Mitochondrial cytochrome b deficiency- in association with canine spongiform leukoencephalomyelopathy in Australian cattle dogs.  Tremors at 1-2 months, progressive neurological degeneration.  

Pyruvate=2 0dehydrogenase phosphatase 1 deficiency- severe exercise intolerance in Clumber and Sussex spaniels.  Nonsense mutation.

Metal metabolism

COMMD1 deficiency – copper toxicosis in Bedlington terriers.  Billiard excretion of copper is markedly decreased.  Liver cirrhosis and chronic hepatitis.  Deletion of an exon differentiates this disease from other copper overload diseases such as Wilson’s disease.

Fatty Acid Oxidation

No reports in dogs.  However screening tests are new.

Gene Therapy for Inherited Metabolic Disorders

Biochemical and genetic characterization of these disorders in companion animals will facilitate development of treatments.  

Establishing a breeding colony of GSD Ia Dogs

Affected Maltese puppies had clinical signs resembling those in severe, neonatal onset GSD 1a in humans.  A colony of GSD 1a carrier (Maltese x beagle) dogs was established.  Affected puppies required frequent feeding for hypoglycemia.  Necropsy of affected puppies treated only with diet revealed massive vacuolation of liver and kidney cells and focal glomerular sclerosis, which also happens in affected humans.  Affected puppies were homozygous for the mutation.  Puppies were identified within 24 hours of birth by blood glucose levels and DNA analysis.  After identification by genetic screening, affected puppies received glucose via subcutaneous injection, and supplemental feedings as needed.

Therapeutic hepatic expression of Human Glucose-6-Phosphatase in GSD 1a dogs

The canine model is similar to the human disorder.  Both have profound hypoglycemia on fasting, glucose-6-phosphatase deficiency in liver and kidney, glycogen accumulation in liver and kidney and decreased survival.  Treatment with an adeno-associated virus vector prolonged the survival of 3 GSD Ia dogs to more than 1 year old.  Sustained correction of hypoglycemia was also found in the gene therapy dogs.  Lactic acidosis is associated with poor metabolic control.  Plasma lactate during a fast was lower for vector treated dogs at 1 month, and equivalent to the carrier (normal control) dogs.  

QUESTIONS (True or False)

1. Carbohydrate metabolic disorders, especially glycogen storage diseases, have been reported in dogs and cats.

2. COMMD1 deficiency has been implicated as the cause of copper toxicosis in Bedlington terriers, and the gene deletion differentiates it from other causes of copper overload including Wilson disease.

3. Gene therapy using an adeno-associated virus vector was successful in the correction of hypoglycemia in GSD Ia affected puppies to more than 1 year of age.

4. Biochemical screening tests are highly effective for initial diagnostics for metabolic disorders, since elevation of a metabolite often may indicate a specific enzyme deficiency and gene defect.

ANSWERS

1. T

2. T

3. T

4. T

Gagliardi and Bunnell. Large Animal Models of Neurological Disorders for Gene Therapy, pp. 128-143

Primary Species: dog, rhesus, 

Secondary species: cat, other nonhuman primates 

Role Delineation: Domain 3: Research


SUMMARY: The paper focuses on naturally occurring lysosomal storage diseases in dogs, cats and non human primates.

Two main viruses used to transduce cells are lentiviruses and adeno-associated virus (AAV).  Both viruses are able to efficiently transfer genes into defective cells and cause them to produce the wild-type protein. Lentiviruses and adeno-associated viruses are able to transduce dividing and nondividing cells. AAV is a nonpathogenic parvovirus that integrates in a site-specific manner on human chromosome 19.  A total of 9 AAV serotypes have been identified. Serotypes vary with respect to the amino acid content of their capsid protein and it is this variation in capsid protein that is responsible for differences in cellular tropism, transduction efficiency and persistence in various species.    Although initial studies using gene therapy were performed in mice, results of these studies were not directly transferable to larger animals in large part due to species variation with respect to adenoviral cell transduction. For example, in one study using adeno-associated virus 1, gene transfer was successful in the mouse but not in the cat. .The most widely investigated large animal species and disease models are cats and dogs, especially for gene therapy studies. Additional large animal models for gene therapy research include sheep and nonhuman primates. However, concerted breeding efforts are under way to more fully develop nonhuman primate models of Krabbe disease and Huntington’s disease for the testing of therapeutic gene delivery.

There are more than 40 different forms of inherited lysosomal storage diseases in humans.  These result from mutations that cause loss of enzyme function needed to breakdown macromolecules within lysosomes, as part of normal cellular metabolism.  The accumulated product(s) then interferes with normal cell function. Cumulatively, the lysosomal storage diseases and leukodystrophies such as mucopolysaccharidoses and Krabbe’s disease occur in 1 in 5000 live births.  These diseases have high morbidity and mortality and rapid progression of clinical signs if left untreated.   Most of these diseases manifest significant pathology in the CNS and many patients suffer mental retardation.  To date there is no cure, but palliative measures may delay mortality.

Mucopolysaccharidosis type I is a spectrum of lysosomal storage disease resulting from lack of the enzyme alpha-L-idurondase with the resulting accumulation of glycosamionglycans such as heparin sulfate and dermatan sulfate within cells.  Clinical symptoms in the most severe form of the disease include umbilical hernia, mental retardation, joint and skeletal deformity, corneal clouding, cardiovascular disease and death in late childhood.  Patients treated by injection of recombinant human alpha –L idurondase often develop antibodies against the injected enzyme, lessening efficacy of enzyme replacement therapy.  Anti-iurondiase antibodies develop within weeks of exposure.  In dogs, clinical symptoms include thickening and prolapse of the third eyelid, joint laxity instead of joint stiffness as occurs in humans and in contrast to humans, dogs show no cognitive deficit.  Cats have lameness, facial deformity, corneal clouding and heart murmurs, but compared to dogs, skeletal defects in cats are not as severe.  Affected animals receiving bone marrow transplant of allogeneic hematopoietic stem cells had much less severe defects.  However, autologous hematopoietic stem cells transduced with retrovirus to make the enzyme alpha-L-iduronidase did not lessen severity of disease because both humoral and cellular immune responses were generated against the enzyme.  In order to avoid an immune response to therapy, preimmune mid-gestation pups were injected with long term bone marrow cells transduced in vitro with the enzyme.  Although a humoral response was not elicited and retroviral transduced cells persisted in the bone marrow and peripheral blood for at least a year, no enzyme or mRNA was detected. 

Neonatal MPS-I pups were given an IV injection of a retroviral  vector containing the canine IDUA gene had stable enzyme expression primarily from cells that were transduced in the liver for up to 1.8 years.  Enzyme levels were only 18% of the normal level but the treated dogs had decreased severity and or incidence of skeletal/joint deformities/corneal clouding, valvular heart lesions and aortic dilation.

Direct intracerebral injection of an adenoviral-associated viral vector containing the IDUA gene in combination with immunosuppression is another strategy that drastically reduces GAG accumulation and neuropathology in the canine model.

 Immune tolerance to IDUA has been induced by long-term IV injection of IDUA in dogs at the FDA-approved human dose and these dogs had better efficacy of enzyme replacement therapy.

Mucopolysaccharidosis Type VII

Mucopolysaccharidosis type VII (MPS-VII) or Sly disease is an autosomal recessive lysosomal storage disease in which The enzyme beta glucuronidase (GUSB), which normally degrades glucuronic acid-containing glycosoaminoglycans (dermatan sulfate, heparin sulfate, and chondroitin sulfate), is deficient or absent. The phenotype is highly variable, ranging from severe lethal hydrops fetalis to mild forms with survival into adulthood. The symptoms for most patients include organomegaly, umbilical hernias, skeletal anomalies, coarse features, ocular impairment, and variable degrees of CNS impairment. Both canine and feline models of MPS-VII are highly homologous to the disease in humans. Haskins and colleagues were the first to identify and characterize an animal model of MPS-VII in German shepherd dogs, whose pathologic features of the disease are very similar to those of humans except that the hepatosplenomegaly is less pronounced and the extent of mental retardation cannot be assessed. The development of successful gene therapy strategies for MPS-VII in the mouse model led to the testing of multiple gene therapy strategies in the dog and cat models. Researchers have reported clinical improvements in MPS-VII dogs that received canine GUSB-expressing retrovirus vectors (RV) as neonates. Marked improvement in cardiovascular function with correction of mitral regurgitation and mitral valve thickening was observed in addition to bone and joint improvement and little or no corneal clouding.

Alpha mannosidosis is an autosomal recessive lysosomal storage disease in which the enzyme acidic alpha mannosidase is deficient and results in accumulation of mannose-rich oligosaccharides in the CNS.  Complete lack of the enzyme results in early death.  Alternatively clinical symptoms can develop over decades and include mental retardation, hearing impairment, recurrent infection and skeletal abnormalities.  Alpha mannosidosis was first identified in cattle and later in a kitten.  Affected cats have action tremor, loss of balance, nystagmus, spinal ataxia and dysmetria, all associated with myelin loss.  Transplantation of heterologous bone marrow is highly effective treatment for the CNS component of the disease in cats.  Bone marrow and hematopoietic stem cell transplant has been successful treatment for a small number of humans.   In cats, significant improvement in neurologic function, myelination as assessed by MRI and significant increase in life space was achieved by intracerebral injection at multiple sites using recombinant adeno-associated virus.  Improvement in clinical signs was also associated with a significant decrease in storage lesions observed by histological examination in the brain.

Krabbe disease, also known as globoid leukodystrophy is an autosomal recessive lysosomal storage disease in which the enzyme galactocerebrosidase is deficient. As a result, galactolipids such as psychosine and galactosylceramine accumulate in macrophages in the CNS.  Toxic levels of psychosine cause Schwann cells and oligodendrocytes to die, resulting in progressive demyelination of the CNS.  T2 weighted images on MRI are used to monitor degree of demyelination.  Disease is rapidly progressive. Most infants show signs of hypersensitivity, hypotonicity, blindness, irritability, deafness by 6 months and most die by age 2.  There is no cure and the only treatment is bone marrow transplant.  Krabbe disease has been described in dogs, cat, rhesus macaques and sheep. Dog models include West Highland White Terrier and Cairn terriers.  Affected dogs show clinical signs of dysmetria, weakness, tremor by 6-12 weeks of age.  Similar to pathology seen in humans, affected dogs accumulated toxic levels of psychosine in the CNS associated with loss of myelin, gliosis, and accumulation of large numbers of macrophages massively distended with galactolipid (globoid cells).  Krabbe disease is the first spontaneously occurring lysosomal storage disease in nonhuman primates.  The rhesus macaque model is also particularly useful because the long lifespan affords opportunity to evaluate lifelong therapy.  The large brain of the rhesus more closely mimics injection strategies for gene therapy in humans.  Furthermore, the immune system, hematopoiesis, genes, morphology, physiology, development of the rhesus more closely mimics that of humans, compared to other  animal models of Krabbe disease. Importantly, cognitive function and behavior may be evaluated in the rhesus with closest relevance to human neurologic function, compared to other animal models. Both rhesus macaque and humans experience tremors, hypertonia and incoordination but unlike humans, rhesus macaques have variable disease progression and variable age of onset despite having the same mutation as humans. In monkeys, early signs include tremors and difficulty grasping items and progress to complete loss of hind limbs and clenched hands and feet. Histologically affected monkeys had accumulation of globoid cells, demyelination, and gliosis in the white matter with sparing of grey matter.  In the twitcher mouse model, gene therapy has been successful in decreasing neuropathology and increasing lifespan, but these strategies have not yet been performed in the monkey or dog models.

Parkinson’s disease is characterized by resting tremor, rigidity, bradykinesia, and impaired balance.  The primary pathology is the degeneration and loss of dopaminergic neurons associated with the accumulation of alpha – synuclein within cytoplasmic inclusions called Lewy bodies in the substantia nigra. Other, non-dopaminergic neurons at different locations may also be affected.  Although a naturally occurring large animal model of Parkinson’s disease has not been identified, similar symptoms have been observed in aged non-human primates.  The disease can be induced in non-human primates by administration of either the neurotoxin 6-hydroxydopamine or 1-methyl-4 phenyl 1,2,3,6 tetrahydropiridine (MTPT). Both of these neurotoxins selectively destroy dopaminergic neurons.  Alternatively, a transgenic model of has been developed in marmosets. Marmosets have neuropathology similar to the Lewy bodies in affected humans, unlike the neurotoxin induced models. In addition, the neurotoxic models induce acute onset of disease whereas in the transgenic model disease develops more slowly, similar to disease in humans.  The body synthesizes dopamine from the amino acid L-tyrosine. L-tyrosine is first converted to L-dopa by the enzyme tyrosine decarboxylase. L-dopa is then converted to dopamine by the enzyme by dopa decarboxylase, or aromatic  L-amino acid decarboxylase ( AADC).  Tyrosine decarboxylase is the rate-limiting step in the synthesis of dopamine.  Affected patients are given injections of L-dopa, which bypasses the rate limiting step.  L-dopa is able to cross the blood-brain barrier and then endogenous enzymes in the brain convert L-dopa to dopamine. As Parkinson’s disease progresses, the neurons that produce AADC are lost, and patients require ever increasing amounts of L-dopa to mitigate clinical signs.  Meanwhile patients suffer side-effects of L-dopa which include gastrointestinal distress, hypotension, dyskinesis, due to conversion of L-dopa to dopamine in the periphery.  Neurons that make ADCC are present in numerous regions of the brain.  ADCC is also made in adipose, kidney, liver, adrenal, heart, keratinocytes.   Transgene expression of human ADCC in MTPT (neurotoxin)-lesioned monkeys resulted in sustained increased levels of dopamine for up to 6 years. Promising results with improved dopamine levels/diminution of clinical signs have been obtained with transgene expression in African green monkeys, marmosets, baboons.

Huntington’s disease is autosomal dominant with onset of clinical signs at about 40-50 years of age.   Affected patients have progressive loss of neurons in the striatum and cerebral cortex as a result of transcriptional dysregulation and excitotoxicity associated with abnormally long polyglutamine tails on the 5’ end of the protein huntingtin.  This protein is thought to be involved in cellular metabolism and protein trafficking.  There is no naturally occurring animal model, but disease may be induced in rodents and nonhuman primates (baboons, capuchin, rhesus, and cynomolgus monkeys)  by administration of excitotoxic chemicals such as  kainic acid, quinolinic acid, ibotenic acid, malonic acid or mitochondrial disrupters such as 3-nitropropionic acid.  Alternatively, transgenic rhesus macaques have been developed to carry both exon 1 of the human huntingtin gene and green fluorescent protein.  

NeuroAids: Approximately 30% of humans infected with HIV develop neuropathy characterized by variable signs including impaired memory, leg weakness, personality changes, difficulty concentrating and dementia. SIV-infected macaques have similar peripheral neuropathy as well as behavioral impairment and CNS dysfunction. In SIV-infected nonhuman primates, SIV infection occurs early in the course of disease, severity of CNS impairment is related to the strain of virus, and specific neuroinvasive strains can be isolated and passed to other animals.  Perivascular macrophages are primarily infected in the CNS.  SIV-infected animals have been used to test neurotoxicity and efficacy of antiretroviral drugs and may prove helpful to evaluate therapies targeted for the CNS and that bypass the blood-brain barrier, such as intranasal routes of administration.  No gene therapy was mentioned in the article using nonhuman primates.  

QUESTIONS

1. 
The principle viruses used thus far for gene therapy are

a. 
Retroviruses

b. 
Lentiviruses

c. 
Adenoviruses

d. 
Herpesvirus

e. 
Parvovirus

f. 
A, b, e

2. 
Non human primates may be particularly useful models for gene therapy because______________.

a.
Larger brain size/physiology more closely mimics that of humans.

b.
Behavior/cognitive ability may be evaluated to more closely mimic that of humans.

c.  
Long lifespan of non human primates may allow long-term evaluation of gene therapies to more closely mimic goals for human therapy

d. 
All of the above

3. 
Which of the following disorders has an autosomal dominant mode of inheritance?

a. 
Parkinson’s disease

b. 
Krabbe’s disease

c. 
Huntington’s disease

d. 
Mucopolysaccharidosis type I

e. 
Mucopolysaccharidosis type VII

4. 
Which of the following is characterized by selective loss of dopaminergic neurons in the substantia nigra?

a. 
Parkinson’s disease

b. 
Krabbe’s disease

c. 
Huntington’s disease

d. 
Globoid cell leukodystrophy

e.
Mucopolysaccharidosis I

f. 
Mucopolysaccharidosis VII

5.       Globoid leukodystrophy naturally occurs in 

a. 
German shepherds

b. 
Dalmatians

c. 
West Highland White Terriers

d. 
Cairn Terriers

e. 
Bull Terriers

f. 
Rhesus macaque

g. 
Cat

h.
Sheep

i. 
C and d, f, g, h

j. 
All of the above

6. 
Naturally occurring animal model of alpha mannosidosis occurs in

a.
Non-human primate

b.
Cattle

c.  
Cat

d. 
Dog

e. 
A and b

f.  
B and c

g.  
All of the above

7. 
Which is characterized by the accumulation of dermatan sulfate, heparin sulfate, chondroitin sulfate?

a. 
Alpha-mannosidosis

b.
Mucopolysaccharidosis type I

c. 
Mucopolysaccharidosis type VII

d. 
Mucopolysaccharidosis type III

e. 
All of the above

f.  
None of the above

ANSWERS

1. 
f. Adeno-associated virus is a parvovirus

2.
d

3.
c

4. 
a

5.
i

6. 
f

7. 
c

Nichols et al.  Protein Replacement Therapy and Gene Transfer in Canine Models of Hemophilia A, Hemophilia B, von Willebrand Disease, and Factor VII Deficiency, pp. 144-167

Primary Species: Canine

SUMMARY: The authors highlight several primary benefits of preclinical testing of gene transfer strategies in the hemophilic dogs

1.  
Animal models of hemophilia A, hemophilia B, von Willebrand disease (VWD), and factor VII deficiency have facilitated the study of the pathophysiology of blood coagulation and hemostasis, and the development of safe and efficacious new therapeutic agents (e.g. gene therapy).

2.
Dogs with well-characterized inherited bleeding disorders mirror the respective human condition has led to development of sensitive and reproducible assays.

3.  
Gene therapy studies have used the following: retroviral, adenoviral, lentiviral, and adeno-associated viral vectors, hydrodynamic injection of plasmid DNA, and the transfer of stem cells.

4.  
For preclinical testing of protein and gene therapy strategies,  hemophilic mice are often practical due to need to address issues such as scaling up proteins, vector production,  accessing larger amounts of target tissue (e.g. muscle or liver), and to determine immune response to the procedure.

5. 
The use of animals for gene therapy studies is not without limitations. The immune response to AAV2 capsid detected in humans after liver-based gene transfer was not seen in rodents, nonhuman primates, or hemophilia B dogs;  Indicating the need for new trials of gene therapy in hemophilia B animals.

Benefits of protein replacement therapy and Gene transfer in canine models of hemophilia:

· Animal models have facilitated the study of the pathophysiology of blood coagulation and hemostasis.

· Dogs are recognized as valid animal models of human bleeding and other disorders, with preclinical correlation for successful translation to human medicine.

· Further studies will provide information that will allow safest and most efficacious design of clinical trials approved for humans.

Disadvantage:

· In human clinical and pre-clinical trials, protein replacement and gene therapy produced unexpected results, which have required refining scientific methods (i.e. use of canine hemophilia models).

QUESTIONS:

1.
Hemophilia A is characterized by an abnormality of which plasma coagulation protein?

A. 
Factor IX

B.
Factor X

C.
Factor VII

D. 
Factor VIII

2.  
Which of the following animals is considered a valid animal model for hemophilia in humans?

A. 
Persian blue 

B. 
Rhesus macaque

C.  
Canine

D. 
Feline

ANSWERS:

1. 
D. Factor VIII

2. 
C. Canine

Bauer et al.  Potential Large Animal Models for Gene Therapy of Human Genetic Diseases of Immune and Blood Cell Systems, pp. 168-186

Task Designation: 3 Research, Animal Models 

Species: Multiple 

SUMMARY:  The goal of this article is to identify large animal models for human hematopoietic cellular disorders.  While many of these disorders have murine counterparts through the use of gene targeting, the authors identify large animal models as more efficient model for the evaluation of treatment of these disorders using gene therapy or hematopoietic stem cell transplantation (HSCT) efficacy and safety. 


Hereditary Spherocytosis (HS): HS is characterized by fragile spherical RBC’s, hemolytic anemia and splenomegaly. Patients are at an increased risk of thrombi and renal disease.  HS is due to a defect in at least one of the following proteins (anchoring the RBC membrane): α spectrin, ankyrin, band 3, β-spectrin, and protein 4.2.  

Standard treatment: Transfusions and erythropoietin injections +/- splenectomy 
Animal models: Japanese black cattle with band 3 deficiency and golden retrievers with an unspecified spectrin deficiency. 

Japanese black cattle present with anemia.  While HSCT has not been attempted in cattle or dogs with HS, it has been utilized in HS mice with a  β-specterin with significant improvement.   Gene therapy in mice has resulted in aberrant RBC morphology.  
It is likely that high levels of introduced gene will be necessary to overcome the deleterious levels of the residual mutant protein.

Pyruvate Kinase Deficiency of RBCs (PK): PK, aka hereditary hemolytic anemia,  is an autosomal recessive disorder resulting in hemolytic anemia and is the most frequent enzyme disorder of the glycolytic pathway. More than 150 mutations have been identified in one of the genes that codes for PK in cells. Clinical signs include variable severity of chronic hemolysis beginning shortly after birth, tolerance of anemia may be augmented by increased oxygen dissociation of hemoglobin.  Exchange transfusions or splenectomy may be required. 

First HSCT in humans, juvenile male received HLA matched bone marrow from a sibling and 3 years later maintained normal hemoglobin levels and PK activity without hemolysis. 


Animal models: Somali cat, Abyssinian cat, basenji, West Highland white terrier and beagle.  Phenotype closely resembles human disease, caused from breed specific mutations. Dogs develop reticulocytosis and progressive myelofibrosis and osteosclerosis not seen in other species.  Most die from anemia or liver failure from 1-5 years of age. 

HSCT has been effective in 3 dogs after myeloablation through total body irradiation, and partially effective (2/5) after nommyeloablative total body irradiation and cyclosporine.  Donor lymphocyte infusions can increase levels of chimerism in dogs with low levels of chimerism. 

Gene therapy has not been attempted in large animal models, however in vitro gene therapy showed unstable gene expression for PK-L and stable gene expression for PK-R. 


Macrothrombocytopenia: Macrothrombocyopenia has clinical signs of larger than normal platelets, increased mean platelet volume and low platelet counts (<150 x 103) and is caused by a defect in β-tubulin. 

Animal Model: Cavalier King Charles spaniels. Cavalier King Charles spaniels in Sweden, Denmark, and New South Wales have a high prevalence of macrothrombocytopenia without prolonged bleeding. A β-tublin knockout mouse is also available that shows prolonged bleeding times. As the disease is nearly asymptomatic no HSCT or gene therapy has been. 

Glanzmann Thrombasthenia (GT): GT present with normal platelet counts with abnormal platelet adhesion and aggregation. Patients are diagnosed in early life with intermittent, spontaneous and severe bleeding episodes. GT is caused by a defect of one of two glycoproteins. 

Standard therapy: Platelet transfusions, 15-30% become refractory to transfusions.  Recombinant factor VIIa or immunoabsorption may be required in emergency situations.  HSCT following myeloablation has been successful, but there are high risks of mortality from the transplant or graft-versus-host disease (GVHD). 

Animal models: Great Pyrenees, otterhound dogs, Thoroughbred, quarter horses, gene targeted GPIIb and GPIIIa deficient mice.  Canine symptoms replicate humans. Horses presented with epistaxis, reduced clot retraction, easy/prolonged bleeding and reduced GPIIb/GPIIIa on the platelet surface. 

HSCT in dogs following nonablative conditioning and bone marrow from matched littermates produced a mixed chimerism sufficient to reverse the symptoms.  Platelet directed gene therapy has been investigated in dogs and have shown the expression of GPIIb/GPIIIa o 15-35% of circulating platelets for 1.5 years.  Long-term follow-up is ongoing. 

Severe Combined Immunodeficiency with Radiation Sensitivity (RS-SCID): Patients (T-B-NK+ SCID) present with lymphopenia, hypogammaglobulinemia and aplasia of the thymus, tonsils, and lymph nodes and their cells are hypersensitive to radiation and usually die before 6 months unless they receive a HSCT.  There is a high prevalence among Athabascan-speaking populations in North America. 
HSCT with an HLA matched donor results in an 80% survival rate, especially following low dose busulfan conditioning.  Mild myeloablation may be necessary to improve engraftment. 

Animal models:  Jack Russell Terriers, Arabian horses and CB-17 SCID mice.  Arabian horses are normal after birth but succumb to opportunistic infections at 2-4 months of age.  Jack Russell Terriers succumb to opportunistic infections within 8-14 weeks of birth and have notable lymphopenia, agammaglobulinemia and lymphoid tissue aplasia.  The severity of the disease in all three is correlated with the amount of deletion at the C terminus (Arabians>Jack Russell Terrier>CB-17 SCID)

Treatment is typically antibiotics and antibody infusions, however HSCT from a matched donor without ablation has been successful in on Arabian without evidence of GVHD. Gene therapy has been limited to the mouse model, possibly because of the large size of the PRKDC gene. One mouse dies of a thymoma at 6 months  following gene therapy, although this may be related to the background strain of the HSC donor. 

Severe Combined Immunodeficiency, X-Linked (X-SCID): X-SCID  is the most common hereditary disease of the immune and blood cell systems, accounting for up to 46% of cases.  Infants lack a thymus and peripheral lymph nodes and are characterized by a failure to thrive and susceptibility to opportunistic infections and early death. They may have normal numbers of B-cells, but the T-cells do not respond to mitogen.  IgM may be normal, but IgG and IgA are low or absent.  Early diagnosis and treatment of X-SCID increases survivability of patients that undergo HSCT. After T-cell depleted haploidentical transplantation, more than 60% still require IVIG therapy. In utero HSCT has been successful using paternal HSCs. 

Successful gene therapy has been reported since 2000 in young patients, but unsuccessful in older patients due to the role of thymopoiesis in early childhood. Gene therapy did restore B-cell function allowing the IVIG therapy to be discontinued.  25% of X-SCID patients developed T-cell acute lymphoblastic leukemia as a result of nearby retroviral vector integrations.

Animal models: Basset hounds, Cardigan Welsh Corgi. Dogs are normal at birth (IgG from colostrum) then become highly susceptible to opportunistic infections and death at 3-4 months of age.  Phenotype is nearly identical to human X-SCID. 

HSCT in dogs (unfractionated marrow without conditioning and purified CD34+ bone marrow from matched littermates) led to restoration of T-cell and B-cell counts and function.  High incidence of late onset cutaneous papillomas (~71%). This has been seen in ~50% of long term HSCT survivors in humans.  Gene therapy attempts in 3-day-old pups had immune reconstitution by 8 weeks, with B-cell chimerism at 4 weeks.  IVIG administration was not required. 

Leukocyte Adhesion Deficiency Type I (LAD-I): LAD-I is characterized by recurrent life threatening infections. LAD-I children usually die within the first 2 years of life. Results from an inability for leukocytes to adhere to blood vessel walls and migrate to the source of the infection, characteristic lack of pus.  Neutrophils have a reduced phagocytic response and respiratory burst to bacteria. LAD-I is due to a deficiency of β2-integrin subunit (CD18). The severity of disease is related to the degree  of CD18 surface expression. 

Treatment:  Antibiotic prophylaxis, donor granulocyte infusions (transient response) and allogenic HSCT.  In vitro gene therapy into the patients CD34+ HSCs showed correction of both the surface and functional defects. Effects were not long standing. 
Animal models: CD18 gene targeted mice, Irish setters and Holstein cattle. 
Dogs with the canine form of LAD-I (CLAD) have a clinical course similar to children with LAD-1; they present with umbilical infections, and severe bacterial infections leading to leukocytosis, high fever, and poor wound healing.  Skin lesions and gingivitis are common, affected animals usually die by 6 months of age from complications. 
Matched littermate allogenic HSCT using nonablative conditioning is effective, followed by a short immunosuppressive  regimen. 11/13 dogs showed chimerism 1 year post transplant and were free from clinical disease. Ex vivo retroviral mediated gene therapy produced mixed results  with 6/11 dogs achieving therapeutic responses. Foamy virus has also been attempted as a vector for gene therapy, 4/5 had complete reversal of the CLAD phenotype. 

Bovine model (BLAD) shares several similarities with LAD-I and CLAD.  BLAD affected cattle often have recurrent pneumonia, ulcers, enteritis with bacterial overgrowth, peridontitis, delayed wound healing and a lack of pus. Untreated calves die within the first year of life. The frequency of BLAD carriers is 15% among Holstein bulls and 6% among Holstein cows. HSCT without myeloablation has been reported effective in 1 case. 

Leukocyte Adhesion Deficiency Type III and Thrombopathia (LAD-III): Presents with the clinical manifestations of LAD-I and GT. Allogenic HSCT is the only definitive therapy for LAD-III. 

Animal Models: Bassett hounds, Eskimo spitz, Landseer dogs, Simmental cattle. The dogs all suffered from epistaxis, gingival bleeding, petechia and hematomas.  Blood loss anemia was not uncommon following trauma or surgery. Platelets had normal levels of GPIIb/GPIIIa but the receptors were not activated. Animals with thrombopathia are treated with antibiotics and platelet transfusions.  HSCT in affected animals would appear to be curative. For gene therapy to be effective, the CalDAG-GEFI would need to be tightly regulated as inappropriate expression may lead to constitutive expression of the integrins and excessive adhesion by leukocytes and platelets. 

Hermansky-Pudlak Syndrome Type 2 and Cyclic Neutropenia (HPS2): HPS2 is a rare disease characterized by oculocutaneous albinism, thrombocytopenia, neutropenia, defects in T-cell cytotoxicity and NK cell activity. Mild mental retardation and dysmorphic facial features may be present. HPS2 occurs in cells with large numbers of granules as lysosomal membrane proteins are localized to the plasma membrane rather than the granules. The cellular defect is similar the Chédiak-Higashi syndrome without the giant intracellular granules.  The condition is usually benign. Treatment consists of recombinant G-CSF and platelet transfusions.  HSCT and gene therapy have not been attempted. 

Animal models: Pearl mice, Gray collie dogs. Pearl mice have normal neutrophil counts unlike patients with HPS2. Grey collie dogs present with cyclic neutropenia and qualitative platelet defects. They die early from severe infections. Other than neutrophils, the other compartments cycle from normal to above normal levels. With prophylactic antibiotics dogs survive into adulthood and suffer from renal and hepatic amyloidosis, resulting from the cyclic activation of cytokines during monocytosis. 
G-CSF at higher than physiological doses corrects the cyclic neutropenia as well as the cycling of other compartments, but does not correct the qualitative platelet defects. HSCT can cure the hematological defect and reverse neutrophil cycling.  Gene therapy using the canine G-CSF  cDNA as the transgene in a pup increased neutrophil numbers to therapeutic levels, and returned lymphocyte and platelet counts to normal for over 17 months at which time the animal was euthanized due to renal amyloidosis. In older dogs therapeutic levers persisted for 18 months.  

Gene therapy in humans may be more problematic as the defective allele is autosomal dominant and over expression of the wild type allele may also lead to neutropenia. 

WHIM Syndrome and Trapped Neutrophil Syndrome: WHIM syndrome is characterized by warts, hypogammaglobulinemia, recurrent bacterial infections and myelokathexis. Patients  displayed chronic neutropenia, antibody deficiency, hypercellular marrow, hypogammaglobulinemic,  and susceptible to human papilloma and EBV infections. The bone marrow has sufficient neutrophils and neutrophil precursors and cardiac septal defects may be present. 

Treatment approaches include G-CSF and IVIG.  Allogenic HSCT and gene therapy have not been attempted, however in vitro gene transfer revealed an increased proliferation and migration of transduced cells. Gene therapy in vivo would be problematic due to the autosomal dominant nature of the allele. 
Animal model:  Border collies with trapped neutrophil syndrome (TNS).  TNS is an autosomal recessive syndrome that presents with chronic neutropenia, recurrent bacterial infections, myeloid hyperplasia of the marrow, lameness, destructive bone lesions, fever and failure to thrive. The defective gene has yet to be identified. 

Chédiak-Higashi Syndrome (CHS): CHS is a rare autosomal recessive syndrome that presents with oculocutaneous albinism, nerve defects, neutropenia, defective NK and cytotoxic T cell function, mild coagulation defects and are susceptible to infections.  Most die before the age of 7.  If CHS patients to adulthood, they develop neurologic problems such as seizures, intellectual deficits, cranial nerve palsies and peripheral neuropathy.  Giant lysosomal granules develop in phagocytes, platelets, melanocytes, and neural Schwann cells. 

Therapy includes palliative care, splenectomy and allogenic HSCT.  Accelerated phase of disease develops that causes a lymphohistiocytic proliferation and infiltration of multiple organs, fever, pancytopenia, hepatosplenomegaly, lymphadenopathy, coagulopathy, and neurologic changes and is usually fatal within 3 years. Long-term follow up of HSCT patients indicated persistent neurological symptoms of cerebral ataxia and peripheral neuropathy most likely due to long-term progression of the lysosomal defect in neurons and glial cells. 

Animal models: Hereford, Brangus, and Japanese Black cattle, Aleutian mink, beige mice, blue smoke Persian cats, white tigers, blue and silver foxes, beige rate and albino killer whales.  All animal models have abnormal granules but none exhibit an accelerated phase. Blue smoke cats do not show an increased susceptibility to infection. HSCT following total body irradiation has been reported to improve hematologic function on 4 cats however 2 animal developed neurologic disease. CHS is severe in Hereford and Brangus, but moderate in Japanese black cattle. Gene therapy has not been attempted in any species but would be challenging due to the large size of the gene.

QUESTIONS 

1.
True or False:  Arabian horses are a model of X linked Severe Combined Immunodeficiency. 

2.
Cats are a model for: 

a.
Pryuvate kinase deficiencies of RBC’s 

b.
Type I Leukocyte Adhesion Deficiency 

c.
Chédiak-Higashi Syndrome 

d. 
A and C 

e.
None of the above 

3.
True or False: Type III Leukocyte Adhesion Deficiency is associated with leukocyte and platelet disorders. 

4.
True or False:  Rodent models are preferred for follow up of gene therapy experiments because of their small size. 

5.
True or False:  The leukemia seen ( T-ALL) following gene therapy for X-Linked Severe Combined Immunodeficiency is thought to be associated with the activation of nearby genes due to retroviral integration. 


ANSWERS: 

1.
False 

2.
D 

3.
True 

4.
False 

5.
True 


  

Wang et al.  Potential Large Animal Models for Gene Therapy of Human Genetic Diseases of Immune and Blood Cell Systems, pp. 187-198

ACLAM domain 1, domain 3, domain 6

Species:  Primary, dog

 

SUMMARY: Muscular dystrophy is a group of genetically induced myopathies; similar in a lack of stable protein production to anchor the cytoskeleton of muscle fibers to extracellular matrix.  The best known and lethal is Duchenne’s Muscular Dystrophy (DMD), where 1 in 3,500 boys (x linked) suffer from a loss of dystrophin.  This prevents the development of a functional sarcolemma, leading to contraction induced damage, loss of regeneration and muscle loss secondary to necrosis and subsequent fibrosis of the tissues.  Secondary inflammatory processes upregulating T cell responses and faulty calcium homeostasis also appear to contribute to clinical disease.  Multiple dystrophin isoforms exist, and variety in disease severity is common, due to mutation variability.  Iatrogenic deletions occur in 65% of patients, duplication in 5-15% and nonsense or small point mutations comprise the remainder.  Frame shift mutations are the most severe.

 

Animal models of DMD include x linked mdx mice and x linked muscular dystrophy dogs cxmd.  The canine disease closely resembles the humane disease (muscle wasting, degeneration and fibrosis and short life-span), while mice have a much milder phenotype.  Breeds naturally affected include golden retrievers, Rottweilers, and German shorthaired pointers and a beagle/golden model has been bred.  At 6-8 wks of age the first signs appear, progressing to death from cardiac and respiratory by days, weeks, or 4 years of age at the most.

 

Conventional treatment for DMD is for secondary symptoms, including the use of steroids, beta 2 adrenergic agonists and immunosuppressants.  Genetic therapies to replace the dystrophic gene are essential for a cure to the disease.  Strategies at least partially successful in mice include the injection of hematopoietic stem cells, myoblasts, and other stem cells, viral vectors encoding functional dystrophins, and antisense oligonucleotide therapy to skip mutation containing exons.  However these approaches are limited by an inability to distribute cells, vectors or neotransgenes into body wide muscle, control expression site, and immune response to injections.  HSC stem cell transplantation into cxmd dogs was unsuccessful.  Myoblast injection in dogs was tolerated with a triple therapy of immunosuppressives with severe side effects.  Chimeric dystrophic dogs did tolerate myoblasts, but with low expression levels.  Transgenic mesangioblasts modified with lentivirus given to dystrophic dogs did result in normal dystrophin expression in 70% of muscle fibers (with immunosuppressive therapy) and clinically significant improvement in muscle strength and mobility.  Immunosuppressive therapy alone with cyclosporine may have accounted for some of this improvement.  Adeno, retro and adeno-associated viral vectors of full and truncated dystrophin improved mouse models, and were trialed in dogs, which had robust immune responses until a modified AAV vector plus dystrophin was used with immunosuppression to success.  Neonates treated with AAV plus dystrophin without immunosuppression had good transduction into muscle.  

 

Another strategy for treatment involves converting a severe phenotype to a milder one using targeted exon skipping to modulate gene expression.  (antisense treatment) This removes a portion of the mRNA and restores an open reading frame, and has yet to be tested in dogs.  Difficulties with this approach come from the requirement for repeated dosing, the fragility of the molecule, and the inefficient transduction ability of the antisense oligonucleotides.

 

Upcoming strategies may include using subpopulations of muscle satellite cells with specific markers, naked plasmid DNA and use of PTC124 (a new chemical) to promote read-through of nonsense mutations.  Use of the dystrophin homologue utrophin or myostatin blockers represents alternative pharmaceutical methodology under investigation.  Human trials using muscle stem cells, antisense oligonucleotides, naked plasmids with cytomegalovirus promoters and AAV vectors are ongoing. 

 

QUESTIONS:

1. Which immunosuppressive agent has been shown to improve clinical signs of dystrophy as a stand alone therapy?  (rituxan, cyclosporine, mycophenolate mofetil, or hydrocortisone)

2. Hematopoietic stem cell transplantation is a successful therapy in DMD dogs.  T/F

3. Drawbacks to antisense oligonucleotide therapy include:

a. Immune response

b. Inability to target therapy

c. Long half life

d. Inefficient transduction ability 

 

ANSWERS:

1. Cyclosporine

2. False

3. D

 

Sleeper et al.  Gene Therapy in Large Animal Models of Human Cardiovascular Genetic Disease, pp. 199-205

Domain 3: Research

SUMMARY: Cardiomyopathy is a major cause of morbidity and mortality in children and adults.  Naturally occurring large animal models exist for the three major inherited forms of cardiomyopathy; the Portuguese water dog model of dilatative cardiomyopathy, the Mancoon cat model for hypertrophic cardiomyopathy, and the Boxer model for arrhythmogenic right ventricular dysplasia.  Most inherited cardiomyopathies result from defective genes encoding proteins involved in force transmission, such as actin or desmin or in cell to cell adhesion such as ryanodine.  Modes of inheritance may be variable in humans.  Even if structural defects may not be corrected, correction of abnormal metabolic process, such as abnormal calcium metabolism or apoptosis may be therapeutic in cardiovascular genetic disease. Gene therapy may ameliorate clinical signs and improve cardiac function in patients with cardiovascular genetic disease. Adeno-associated virus may be used to transduce cardiomyocytes with genes of interest to improve cardiac function. 

Because of its low immunogenicity, adeno-associated virus may be an ideal vector for long-term gene expression in the therapy of chronic /genetic cardiovascular disease.

Dilated cardiomyopathy is the most common cause of congestive heart failure in humans less than 18 years of age. 35% of these patients have familial disease with variable inheritance including autosomal dominant, autosomal recessive, X-linked and mitochondrial inheritance.  60-75% of patients survive to 5 years of age.  In the Portuguese water dog affected by juvenile dilatative cardiomyopathy, puppies have rapidly progressive severe left ventricular dilatation and systolic failure and on average die of congestive heart disease by 13 weeks of age. The mode of inheritance in the Portuguese water dog is autosomal recessive.  The locus responsible for the defect is on canine chromosome 8, which is homologous to human chromosome 14.

Hypertrophic cardiomyopathy (HCM1) is characterized by dynamic disease associated with left ventricular hypertrophy, myocyte disarray, and diastolic dysfunction.  It is the most common form of  inherited heart disease and is inherited in an autosomal dominant pattern.  At any given time in an  individual, echocardiac findings may be normal or demonstrate left ventricular  hypertrophy that may increase or decrease dynamically throughout the life of the affected individual. 

Hypertrophic cardiomyopathy in humans has been associated with mutations in 10 different genes. The most common mutation is in genes encoding the β-myosin heavy chain and in myosin-binding protein.  In cats, naturally occurring hypertrophic cardiomyopathy is also inherited in an autosomal dominant pattern in Maine coon cats and Ragdoll cats.  In both of these breeds disease results from mutation of the myosin-binding protein C gene.  The  mutation in Maine coon cats is different from the mutation in Ragdoll cats.

Arrythmogenic right ventricular dysplasia is characterized by right ventricular dysfunction, fibro-fatty infiltration and ventricular arrhythmias that are most often exercise induced. The disease is primarily  a defect in cell to cell communication due primarily to defects in desmosomes, but also ryanodine receptor and transforming growth factor -b3.  The most often mode of inheritance is autosomal dominant with incomplete penetrance.  This disease is responsible for 20% of sudden cardiac deaths and is more prevalent in athletes who die suddenly.   Similar disease has been identified in boxer dogs.  Affected boxers either had lower ryanodine expression particularly in the right ventricle or had loss of gap junction plaques at sites of cell apposition,  similar to humans affected by the disease.

QUESTIONS:

1.
An inherited form of dilatative cardiomyopathy occurs in which of the following breeds

a.
Portuguese water dog

b.
Cocker spaniel

c.
Boxer

d.
Poodle

2.
On average, Portuguese water dogs affected by inherited dilatative cardiomyopathy die from congestive heart failure by the age of

a.
4 week

b.
8 weeks

c.
2 years

d.
13 weeks

3.
A naturally occurring model of familial hypertrophic cardiomyopathy occurs in which breed?

a.
Doberman pincher

b.
Boxer

c.
Maine Coon cat

d.
Persian cat

4.
Right ventricular  dysfunction, fibrofatty infiltration and ventricular arrhythmia are key features of

a.
Hypertrophic cardiomyopathy

b.
Dilatative cardiomyopathy

c.
Arrythmogenic right ventricular dysplasia

5.
Cardiomyofiber disarray, diastolic failure and left ventricular hypertrophy are key features of

a.
Dilatative cardiomyopathy

b.
Hypertrophic cardiomyopathy

c.
Arrhythmogenic cardiomyopathy

6.
Dilated cardiomyopathy in juvenile Portuguese water dogs is characterized by

a.
Severe left ventricular dilation

b.
Systolic failure

c.
Rapidly progressive course of disease

d.
All of the above

7.
The mode of inheritance of dilatative cardiomyopathy in humans is ___________, while in the Portuguese water dog the mode of inheritance is ___________________.

a.
Sex linked, autosomal dominant

b.
Variable, autosomal recessive

c.
None of the above

8.
Familial arrhythmogenic right ventricular dysplasia occurs in the __________ and has a(an)_________mode of inheritance

a.
Cocker spaniel, sex linked

b.
Poodle, autosomal recessive

c.
Boxer, autosomal dominant

d.
Beagle, autosomal recessive

ANSWERS:

1.
a

2.
d

3.
c

4.
c

5.
b

6.
d

7.
b

8.
c

Stieger et al.  AAV-Mediated Gene Therapy for Retinal Disorders in Large Animal Models, pp. 206-224

Domain 1, Task 2, 4

Species- Primary, dog, macaques

 

SUMMARY: This article reviewed large animal models (dogs, NHPs) available for adeno-associated virus (AAV) mediated gene therapies in the retina.  Adeno-associated virus (AVV) vectors are the most widely used vectors for ocular gene delivery. Nonhuman primates and dogs are used because of unique retinal structures (i.e. macula & fovea) and inherited retinal degenerations that share many similarities with humans, respectively.  Retinal diseases that have been studied for suitability of gene based therapies are: retinitis pigmentosa (RP), Leber congenital amaurosis (LCA), age-related macular degeneration (AMD), diabetic retinopathy (DR), and retinopathy of prematurity (ROP).  Intravitreal and subretinal injections are the two methods of vector delivery to the retina. Rapamycin-dependent and tetracycline-dependent systems are the two systems which have been used to regulate transgene expression in the retinas of large animals.  The most common form of inherited retinal dystrophies in dogs is progressive retinal atrophy (PRA).  Nonhuman primate and canine models are essential for treatment strategies for retinal disorders.

 

Note: There are 2 tables in this article which cover preclinical studies in NHPs and canine models of retinal degenerative diseases

 

QUESTIONS:

1. Why are adeno-associated virus vectors the most widely used for ocular gene delivery?

2. T or F: There are naturally occurring NHP models for inherited retinal dystrophies.

3. Which breed of dog is the only to have responded successfully to gene therapy?

a. Great Pyrenees

b. Swedish Briard

c. Irish setter

d. Alaskan malamute

 

ANSWERS:

1. They elicit minimal immune responses and mediate long-term transgene expression in a variety of retinal cell types

2. False- there are no naturally occurring models in NHPs

3. b- Swedish Briard (RPE65-/-)

 

Ellinwood and Clay.  Large Animal Models of Genetic Disease: Pertinent IACUC Issues, pp. 225-228


Domain 5: Regulator Responsibilities

 
SUMMARY: The authors highlight several general considerations for the use of large animal models of genetic disease 

1. 
Maintenance of breeding colony; "such efforts are important because, although cryopreservation of these models is critical and can serve as a backup to existing stocks, the time required for reconstitution of a canine model from cryopreserved semen is up to 2 years, which represents a serious constraint given the timeline of most sponsored research".  Outcrossing may be a viable option for maintaining stocks of large animal models 

2. 
Understanding of the underlying molecular defect or ability to predict how the mutation may affect therapy; all "must be mindful of the difficulties that may affect the health and welfare of the research subjects, based on the approach to therapy, the source of the cDNA to be used, the nature of the mutation involved, and the need for immunosuppression or immune tolerizing regimens.


CRIM = Cross-reacting immunological material

 
Advantages of large animal genetic disease models 

1. 
They  manifest clinical signs; in contrast murine targeted genetic models may manifest biochemical characteristics but not the clinical characteristics of the human disorder 

2. 
Advance knowledge of pathogenesis and to support the development and testing of human targeted therapies; since closer in size to humans (than mice), the scale up to human patients is less 

3. 
Larger animals live longer and allow long term evaluation well beyond that offered by mouse models 

4.  Because of outbreeding (relative to murine models) large animal models better reflect human patient

Disadvantages 

1. 
More expensive to maintain 

2. 
Experiments require a longer time scale 

The mention, "there is a high expectation of efficacy when evaluating  therapies in these models, which are, conversely a poor method of evaluating incremental or small effects of potential therapies".  Because of the high expectation of efficacy group size may be smaller than other experiments using murine models. 


"Because existing genetic disease models occur spontaneously, they do not require review by an Institutional Biosafety Committee (IBC), whereas the use of gene therapies and other DNA-based approaches does require IBC as well as IACUC review". 


QUESTIONS

1. 
A study aimed at elucidating the pathogenesis of disease in a spontaneous animal model would likely require review by which of the following committees? 

a. 
IACUC 

b. 
IBC 

c. 
IRB

d. 
IACUC and IBC 

2. 
When available, which of the following models is preferred for preclinical studies preliminary to human clinical trials? 

a. 
Large animal 

b. 
Murine 

c. 
Inveterate 

ANSWERS 
1. 
a 

2. 
a 

