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For the past 2 years, sheep with Tay-Sachs disease (TSD) have been studied in a controlled research environment to clearly chart the disease course in this newly described animal model. In many new animal models, the disease course is variable from animal to animal, with lifespans that differ by many months. It was important to establish a baseline of disease progression and survival in untreated sheep for comparison to TSD sheep given experimental treatments (such as gene therapy). In this way, an improved disease course or longer life span can be attributed clearly to the treatment and not to natural variability of the disease itself. The lifespan of untreated TSD sheep in our controlled setting is ~9 months, with disease onset at ~2.5 months. Most disease signs in TSD sheep relate to gait abnormalities (such as hind limb weakness or ataxia) that worsen with age. All TSD sheep have clouding of the eye’s cornea, though none have the “cherry red spot” found in human patients because the structure of the sheep eye is different from humans. Though vision in untreated sheep may not be normal, most sheep were able to see throughout their lives. No “startle response” or hearing abnormalities were observed. Also, affected sheep have residual hexosaminidase (Hex) activity of ~5% normal in brain. Along with the slow onset and progression of disease in affected sheep, their relatively high level of residual Hex activity suggests that they have a later onset form of TSD (juvenile or adult-onset). 

Gene therapy studies in TSD sheep had 2 main goals: (1) to identify the best way to restore HexA activity in the sheep brain, which is ~20% as large as a child’s brain, and (2) to study the effect of gene therapy on disease progression and lifespan. Studies over the past 2 years show clearly that HexA activity and purity are optimized when treatment consists of both subunits (alpha and beta) versus a single subunit by itself, even though Tay-Sachs sheep have a defect solely in the alpha subunit. In two-thirds of TSD sheep treated by gene therapy, life span increased to an average of 14.4 months (~60% increase over untreated), with one animal living to 16.3 months. Gene therapy improved quality-of-life by delaying the onset of certain disease signs such as ataxia. Objective methods of charting disease progression, such as MRI, confirmed that the improved clinical course correlated with less degeneration of the brain in treated sheep. Direct injection of gene therapy into the brain was safe and well-tolerated. Also, it is important to note that all TSD sheep were treated after symptoms were apparent, as will be true of most children in a clinical trial.
Future priorities for the sheep gene therapy project include the following: (1) The Jacob sheep flock needs to be moved to the research facility from its current location, which will no longer be available after Spring, 2013. In addition, a project submitted to the National Institutes of Health for funding will require that the breeding flock be located at the research facility. (2) In treated sheep that did not live longer than untreated (one-third), the spinal cord seemed to receive little therapeutic benefit. Better and more consistent ways to deliver gene therapy must be developed to ensure the broadest possible distribution of enzyme in the brain and spinal cord. (3) Further refinement of the gene therapy system itself may provide better outcomes at lower doses. 
