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Abstract
Objective – To review the human and veterinary literature on the pathophysiology of myasthenia gravis (MG) and describe treatment options for clinical use in people and animals. Data Sources – Human and veterinary clinical reports, studies and reviews, textbooks, and recent research findings in MG from 1996 present, with a focus on treatment and patient management.
Human Data Synthesis – MG is a well-described condition in people with new research and treatment options available. Many of the newest therapeutic options available in veterinary medicine for MG are based on current strategies used in people with this condition. Seronegative MG is well described in people and provides insight to clinical cases encountered in veterinary medicine when the index of suspicion is high though serologic tests are negative.
Veterinary Data Synthesis – Previous studies in veterinary medicine focused on the use of acetylcholinesterase inhibitors as the main form of treatment in canine MG. Recent studies, mainly case series and case reports, emphasize the use of immunomodulatory treatments as an alternative for long-term treatment. However, there are no randomized, controlled studies on treatment with immunomodulatory therapy for MG in dogs available to assess the efficacy of this treatment strategy.
Conclusions – Although early recognition of clinical signs is most important in the outcome of patients with MG, further understanding the pathophysiology of MG may lead to earlier diagnosis and novel treatment strategies. The discovery of additional autoantibodies against striated muscle proteins in dogs, should enhance our understanding of diseases affecting the neuromuscular junction. In addition, clinical data for canine MG could be applied to other autoimmune disorders.
Key Points:
Definition: Myasthenia gravis (MG) is a neuromuscular disorder caused by a reduction in the number of functional nicotinic acetylcholine receptors (AChR) on the postsynaptic membrane of the neuromuscular junction.
MG exists as either a rare congenital disease or more commonly as an acquired autoimmune disease resulting in a deficiency of nicotinic AChR
Acetylcholine is essential for muscle contraction at the neuromuscular junction. The defect in transmission resulting from AChR loss results in focal or generalized muscle weakness and exhaustion.
AChRs are part of a superfamily of neurotransmitter- gated ion channels that contain 5 homologous subunits centered around a central ion channel.
There are 2 sub- types of muscle AChRs – fetal and mature forms
· Many individuals and dogs affected with MG have autoantibodies that bind to fetal AChRs and to a lesser extent, the mature AChRs.
Congenital MG is an inherited group of disorders involving disruption of neuromuscular transmission by presynaptic, synaptic, or postsynaptic deficits.
· It can be caused by mutations in the AChR subunits. 
· Clinical signs of congenital MG in dogs first manifest between the ages of 6 and 12 weeks. Breeds recognized with the congenital form of MG include the Jack Russell Terrier, Springer Spaniel, Smooth Fox Terrier, and Gammel Dansk Honsehunnd
The most common form of MG, acquired MG, is an immune-mediated disorder in which autoantibodies (typically of the immunoglobulin G class) target postsynaptic nicotinic AChRs of skeletal muscle
Familial autoimmune MG has been reported in Newfoundland and Great Dane dogs.
Autoantibodies lead to a loss of AChRs at the neuromuscular junction and impair transmission of the action potential from nerve to muscle.
In MG, most of the autoantibodies to AChR are directed against the main immunogenic region (MIR), a conformation-dependent region located at the extracellular tip of the alpha1-subunits. The MIR is located at the top of the extracellular surface of AChRs and away from the ACh-binding site. It is angled away from the central axis of the AChR allowing antibodies to cross-link AChRs and induce antigenic modulation
In most cases, adequate acetylcholine is present. However, the receptors are deficient and therefore acetylcholine will not bind adequate numbers of AChRs to initiate an action potential.
MG is an autoimmune T- lymphocyte-dependent disease with production of specific autoantibodies against muscle AChRs or other muscle proteins. A major factor in the pathogenesis of MG is activation of CD4+ T (helper) lymphocytes and interaction with B lymphocytes lending to autoantibody production.
The AChR-anti- AChR complexes formed result in immune-mediated destruction of the postsynaptic membrane and AChR loss.
Under physiologic conditions regulatory T lymphocytes inhibit CD4=T lymphocytes preventing the autoimmune process
There are 3 main mechanisms for loss of functional AChRs at the NMJ
1. Complement-dependent lysis of the postsynaptic membrane caused by antibodies bound to AChRs and simplification of the postsynaptic membrane. 
2. Antibodies can cross-link AChRs on the surface of the membrane leading to increased internalization of AChRs, a decrease in the receptor half-life and decline of the total number of AChRs. 
3. Antibodies may directly inhibit AChR function.
In all cases, there is reduction in neuromuscular transmission and decreased muscle contraction.
Acquired MG has a bimodal age distribution in people and dogs
MG is classified based on distribution and severity of clinical signs and is described as focal, generalized, or acute fulminating
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Focal MG occurs in 36–43% of all canine cases.
Generalized MG occurs in 57–64% of all canine cases with 90% of them having megaesophagus.
Fulminant form is associated with a higher mortality rate and carries a poorer prognosis due to severe respiratory muscle involvement. Fulminating MG occurs in o5% of affected dogs with generalized MG.
In contrast to people and cats, dogs are prone to megaesophagus because the canine esophagus contains more skeletal muscle than smooth muscle
Physical exam:
Cranial nerve abnormalities may be seen with this condition. The patellar tendon reflex is usually preserved but will fatigue with repeated stimulation. Even in the weakest animals, if weight is supported the animal should have no proprioception deficits.
Some animals may have ventral flexion of the neck and cranial nerve deficits with difficulties in prehension, dysphagia, or re- gurgitation. Other signs may include facial muscle weakness, weak jaw tone, weak gag reflex, and laryngeal paralysis.
Differentials include:
· other myopathies or neuropathies such as polyradiculoneuritis or polymyositis
· endocrine disorders such as hypoadrenocorticism
· disorders of neuromuscular transmission such as tick paralysis, botulism, or organophosphate toxicity
Diagnosis:
CBC/Chem/U/A
Conditions that should be considered include hypothyroidism, severe hypoglycemia secondary to islet cell neoplasia, diabetic neuropathy, and electrolyte abnormalities such as hypokalemia and hyperkalemia (eg, as seen with hypoadrenocorticism). In addition thoracic radiographs will provide useful information in identifying megaesophagus, aspiration pneumonia, or a cranial mediastinal mass.
Electromyography (EMG) findings are usually normal. Single-fiber EMG is used to diagnose a disorder of neuromuscular transmission (jitter).
 Repetitive nerve-stimulation of the compound muscle action potential, may provide supportive evidence of MG. A decrease in amplitude of successive compound muscle action potentials is considered abnormal and may be supportive for MG
The edrophonium chloride response test is a clinical pharmacological test for a rapid presumptive diagnosis of MG using an ultra-short acting anticholinesterase agent, edrophonium chloride. The dose of edrophonium chloride described for this test is 0.1–0.2 mg/kg IV in dogs. Some myasthenic dogs are not edrophonium responsive while other neuromuscular disorders may yield a positive response. No improvement in muscle strength does not exclude a diagnosis of MG. Dogs with generalized MG often have a positive response to the edrophonium response test while fulminant MG dogs typically do not. Fulminant dogs may not have enough AChRs available to elicit a noticeable response.
The gold standard for the diagnosis of MG in both people and dogs is the documentation of autoantibodies against muscle AChRs by immunoprecipitation radioimmunoassay (RIA)
This assay is specific, sensitive, and documents an autoimmune response against muscle AChRs. An AChR antibody titer > 0.6 nmol/L is diagnostic for MG in dogs.
Immunosuppressant drugs will decrease autoantibody titers.
Autoantibodies against skeletal proteins other than AChRs such as titin and ryanodine receptor (RyR) are documented in human and canine MG patients with a thymoma. Interestingly, the combination of ACR and RyR antibodies increases the severity of myasthenia.
Seropositive and Seronegative MG:
In MG, antibodies against striated muscle proteins such as myosin, actin, a-actinin, or titin can occur in addition to AChR antibodies. These antibodies are called antistriational antibodies that occur in combination with AChR antibodies in cases of thymoma and MG in people and dogs.
Another muscle protein that may be associated with AChR seropositive MG is the RyR. Antibodies against RyR have been documented in human and canine AChR seropositive MG cases that are particularly severe.
The criteria for a diagnosis of SNMG in dogs include compatible clinical signs, a positive edrophonium response test, electrophysiologic findings such as decremental response to repetitive motor nerve stimulation, normal limb muscle strength following anticholinesterase therapy, and at least 2 seronegative AChR antibody titers. Explanations for SNMG focus on antibodies to muscle proteins other than AChRs.
Treatment:
A critical difference between human and canine MG is that, in the absence of immunosuppression, the natural course of canine MG is for spontaneous immune remission.
For mild disease, anticholinesterase agents and altered feeding procedures may be sufficient. For more severe disease, early use of immune suppressants or immunomodulators may be required.
Acetylcholinesterase inhibitors:
· The mechanism of action of AChE inhibitors is to inhibit hydrolysis of acetylcholine at the neuromuscular junction prolonging the action of acetylcholine.
· Cholinergic and muscarinic side effects may occur with cholinesterase inhibitors, thus dosages must be titrated for optimal benefit with minimal adverse effects. 
· Animals can develop a cholinergic crisis and present with weakness, abdominal pain, hyper- salivation, and diarrhea
· Disadvantages of AChE inhibitors is that it is only symptomatic treat- ment, and does not address the autoimmune pathogenesis of the disease. However, unlike in people, spontaneous remissions occur in dogs and symptomatic treatment may be adequate until remission occurs.
· Pyridostigmine bromide and neostigmine bromide are the most commonly used AChE inhibitors. Pyridostigmine bromide is preferred in most clinical situations because of its longer duration of action and fewer side effects.
· Both pyridostigmine bromide and neostigmine bro- mide inhibit the hydrolysis of ACh by directly competing with ACh for attachment to AChE.
· Pyridostigmine bromide is better tolerated than neostigmine bromide with fewer gastrointestinal adverse effects. The dosage is 0.5–3.0mg/kg administered orally twice to thrice daily; it is available in syrup, tablet, and timed-release forms. Pyridostigmine bromide may also be given as a constant rate infusion at 0.01–0.03 mg/kg/h IV.
· Adverse effects occur because muscarinic receptors located on the exocrine glands increase gastric acid secretion, salivation, and lacrimation. Bradycardia can be seen due to excessive vagal activity.
Corticosteroids:
· They are believed to bind to intracellular receptors that regulate gene expression, thereby down regulating immune function. 
· They also decrease neutrophil migration, inhibit macrophages and inhibit the release of inflammatory cytokines from macrophages.
· They are thought to inhibit T-cell activation by inhibiting the activation process in the cell nucleus and inhibiting antigen processing.
· The dosage used is anti-inflammatory (0.5–1.0 mg/kg/d orally) and reduced in an appropriate tapering schedule
· They may transiently worsen muscle weakness in MG by causing corticosteroid myopathy.
· Immunosuppressive dosages of corticosteroids should be avoided in canine MG, particularly during the first few weeks of treatment.
Immunosuppressant Drugs and Immunomodulators
· Immunosuppressant drugs used for treatment of MG essentially belong to 3 general groups based on varying mechanisms of actions: 
1. Inhibitors of the cell cycle – leflunomide, azathioprine, cyclophosphamide, and mycophenolate mofetil (MMF)
2. Immunosuppressors of T cells - Glucocorticoids, cyclosporine A, and tacrolimus
3. B-cell depleters - rituximab

· Drugs that interfere with the cell cycle block both T and B cell proliferation and exhibit their effects on the resting (G1) and DNA synthesis (S) phases of the cell cycle.
Azathioprine:
· Purine alaogue
· Acts on proliferating lymphocytes and induces both B-cell and T-cell lymphopenia
· Azathioprine gets converted to 6-mercaptopurine in the liver. It works by decreasing lymphocyte proliferation and is specific to T lymphocytes.
· Complete immune response to azathioprine may take up to 6 weeks but in many cases clinical response is seen within 2 weeks.
Cyclosporine:
· Inhibits T-cell activation and prevents synthesis of several cytokines in particular, interleukin 2 (IL-2)
· It blocks calcineurin-mediated cytokine signaling
· Cyclosporine binds to a cyclophilin, immunophilin in the cytoplasm, binding and blocking the function of calcineurin, an enzyme necessary for T-cell activation
· The adverse effects of cyclosporine are dose-dependent nephrotoxicity, hepatic disorders, hypertension, gingival hyperplasia, weight loss, and allergic reactions in people
MMF:
· Inhibitor of purine synthesis in both T and B lymphocytes
· It is 97% protein bound
· MMF acts on DNA metabolism by noncompetitive, reversible inhibition of inosine monophosphate dehydrogenase, which is needed for synthesis of guanosine triphosphate
· MMF blocks the synthesis of guanosine, thereby enhancing the synthesis of adenosine. Both result in inhibition of purine synthesis in the lymphocytes
· Other effects of MMF include limiting production of nitric oxide, reducing secretion of tumor necrosis factor a, and reducing proliferation of T and B lymphocytes
· Adverse effects are dose-dependent and can include bone marrow suppression, gastrointestinal upset, nausea, peripheral edema, infection, development of lymphoma, sepsis, hypertension, tremors, chronic heart failure, and primary CNS lymphoma
Leflunomide 
· is an isoxazol derivative with novel immunomodulating properties
· Leflunomide’s immunomodulatory activity is credited to its primary metabolite, A77 1726, that inhibits T- and B-cell proliferation, suppresses immunoglobulin production, and interferes with cell adhesion
Cyclophosphamide:
Is a strong alkylating agent that acts on DNA replication, RNA transcription and replication, to disrupt nucleic acid function and inhibit cell proliferation
Tacrolimus:
· Acts on T helper cells to suppress production of cytokines, specifically IL-2
Rituximab:
· Is a chimeric IgG k monoclonal antibody that targets human CD20 antigen
· CD20 is expressed on the surface of normal and malignant B cells
· Rituximab is a monoclonal anti-CD20 B-cell anti- body that targets B-lymphocyte antigen CD 20, which is necessary for B cell activation, differentiation, and growth.  It depletes B cells by complement-mediated cytotoxicity and inducing apoptosis
· Rituximab use has not been reported in veterinary medicine; Rituximab is specific to human B lymphocytes and therefore does not bind to canine B cells.

HIVIG:
· Human intravenous immunoglobulin (hIVIG) involves interaction with inhibitory Fc receptors on phagocytic and antigen-presenting cells by enhancing expression of the inhibitory IgG Fc receptors
· It directly neutralizes the blocking effects of AChR-anti- bodies targeting co-stimulatory molecules, cytokines, chemokines, B-cells, T-cells, Fc receptors, and the complement system
· The anti-inflammatory property of IgG is due to sialylation of the N-linked glycan of the IgG Fc fragment
· hIVIG impedes stimulatory molecules and suppresses antibody production; it interferes with activating complement and formation of mem- brane attack complex.
· hIVIG interrupts the complement activation pathway at the C3 stage
Plasmapharesis:
· The goal is to remove pathogenic antibodies and cytokines
· Most reports describe adverse effects in people including anaphylaxis reactions, fluid overload, electrolyte abnormalities, sepsis, thrombosis, pulmonary embolism, and endocarditis

Thymectomy
Other considerations:
There is a long list of drugs that may worsen MG by blocking action at the neuromuscular junction. Some drugs to avoid include aminoglycosides, ampicillin, lidocaine, propranolol, and other b blockers, quinidine, procainamide, penicillamine, magnesium, and contrast agents.

Questions:
1. The most common form of MG, acquired MG, is an immune-mediated disorder in which autoantibodies, typically of the_________________ class, target postsynaptic nicotinic AChRs of skeletal muscle.
A. IgG 
B. IgM
C. IgA
D. [bookmark: _GoBack]IgE

2. MG is an autoimmune T- lymphocyte-dependent disease with production of specific autoantibodies against muscle AChRs or other muscle proteins. True or False?
Answer: True

3. Neuromuscular transmission is disrupted in patients with MG due to:
A. Decreased amounts of acetylcholine available for binding to Ach receptors (AchR)
B. The AchR-anti- AChR antibody complexes formed result in immune-mediated destruction of the postsynaptic membrane and AChR loss
C. The presence of abnormal muscarinic Ach-receptors that result in immune complex deposition on the post synaptic membrane on the NMJ
D. Ach/-anti-Ach autoantibody complexes that result in immune mediated destruction of the post synaptic AchRs

4. Which % of dogs with a thymoma may develop MG as a paraneoplastic syndrome?
A. 5-10%
B. 15-25%
C. 30-50%
D. 55-70%

5. List the 4 classifications of MG
Answer: focal, generalized, acute fulminating, paraneoplastic

6. A canine patient presents to you for generalized weakness. You suspect myasthenia gravis in this patient. As part of your differentials for this clinical presentation, you may wish to ask the owner which of the following?
A. Have you recently painted your barn with a lead based paint?
B. Do you think it’s possible your neighbor threw metaldehyde over the fence?
C. Have you had an insect problem that you addressed with organophosphates?
D. Have you placed any slug bait (strychnine) in your yard?

7. What is the gold standard for diagnosis of MG in humans and animals?
A. Positive edrophonium chloride response test
B. Documentation of autoantibodies against muscle AChRs by immunoprecipitation radioimmunoassay 
C. Electromyography
D. Repetitive nerve sitmulation testing

Cytokine therapy for combating animal and human diseases – A review 
Kuldeep Dhama Sandip Chakraborty, Mohd Yaqoob Wani, Ruchi Tiwari and Rajamani Barathidasan
A review. Res. Opin. Anim. Vet. Sci., 3(7), 195-208. 2013
Abstract: Disease control in food production animals is normally achieved through the use of antimicrobials, drugs and vaccines. However, the injudicious and wide use of antibiotics and other drugs/chemicals in animal husbandry practices and livestock raising systems have resulted in environmental, food safety and human health concerns, principally due to the emergence of drug-resistant microbes and residual toxicity in foods of animal origin. During recent years, therapeutic interventions with biologics and newer treatment modalities like phages, apoptins, cytokines, avian egg yolk antibodies, stem cell therapy, herbal remedies and others are gaining more and more focus into medical and veterinary sciences. Of these, cytokines therapy is of immense importance and possesses great potential and values for treating human as well as animal diseases. Cytokines, the natural mediators of immunity, include interleukins (IL), interferons (IFN), tumor necrosis factor (TNF), chemokines, adipokines and mesenchymal growth factors. Cytokines have characteristic multiple biological properties (pleiotropism), and affect various stages of embryonic development, disease pathogenesis, and immune responses including of both non-specific and specific ones. Their mode of action on the cells may be autocrine, paracrine or in endocrine manner; mediated by means of various cytokine receptors. Cytokines, their receptors and signal transduction pathways, are promising candidates for treatment purposes and therapeutic interferences due to their multiple functions, regulatory and effector cellular functions, in many diseases. In this regard TNF-TNF receptor interaction and neutralization of any such interaction requires special mention. Cytokines, being good immunomodulators, play crucial role in a vast array of infectious diseases, wherein the use of recombinant cytokines is worth mentioning. The therapeutic applicability of cytokines and modulation of their actions is being explored for a many infectious diseases, autoimmune diseases, immunocompromised patients (acquired immunodeficiency syndrome, AIDS), and in neoplasia. Cytokines possess potential capability in controlling various diseases of animals too and present possible alternatives to traditional / conventional therapeutics. Limitations of cytokine therapy like short half life and adverse affects are also being tackled with innovative novel strategies so as to widen the potent application of these wonderful molecules. The present review discusses the role of cytokines in various therapeutic interventions, anti-tumor effects, and their applications as adjuvants for new generation vaccines both in the field of human as well as animal science / medicine.
Key points:
· Cytokines include: interleukins (IL), interferons (IFN), tumor necrosis factor (TNF), chemokines, adipokines and mesenchymal growth factors
· Cytokines are small, less than 30 kDa molecular mass, regulatory glycoproteins secreted by various cells of the immune system (innate as well as adaptive)
· Cytokines bind to the surface membranes of target cells via specific receptors and induce a cascade of reactions, triggering signal-transduction pathways that ultimately alter gene expression in target effects that are involved in innate and adaptive immunity
· Cytokines have characteristic multiple biological properties (pleiotropism), and affect various stages of embryonic development, disease pathogenesis, and immune responses including of both non-specific and specific ones.
· Their mode of action on the cells may be autocrine, paracrine or in endocrine manner; mediated by means of various cytokine receptors
· Cytokines, their receptors and signal transduction pathways, are promising candidates for treatment purposes and therapeutic interferences due to their multiple functions, regulatory and effector cellular functions, in many diseases.
· Limitations of cytokine therapy like short half life and adverse affects
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Table1: Classifications of acquired myasthenia gravis

Percent
Classifications _Clinical affected
Focal Weakness presentin 1 or 3643
more muscle groups
Typically no diinical evidence
o thoracic or pelvic muscle
weakness
Generalized Wide range of clinical signs: ~ 57-64
mild to severe weakness or
megaesophagus
Pelvic limbs affected more
often than thoracic limbs
Fulminant ‘Acute onset and rapid <sotal
development of ciinical signs ~ generalized forms
Respiratory distress =
tetraperesis +
aspiration pneumonia
Paraneoplastic  May ocour with thymoma  30-50 dogs with
thymoma may

develop MG
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