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Researchers from Beverly Davidson’s lab at the University of Iowa have been investigating if gene therapy will be an effective treatment for children diagnosed with the late infantile form of Batten Disease.  This form of Batten Disease is caused by mutations in the gene that codes for a protein called TPP1.  Because of the mutations, these Batten Disease patients are TPP1 deficient.  Without TPP1, cells are functionally impaired and progressive neuron dysfunction and loss occurs in the brain.  This research is divided into two parts:

1) Design and produce gene transfer vectors that carry the TPP1 gene to select cell types of the brain.

2) Deliver the replacement gene to the brain using a minimally invasive method to reduce or eliminate having to penetrate the skull and brain with multiple injections.

Results in animal models have shown that cells that are corrected with a good copy of the TPP1 gene will synthesize and secrete TPP1, and the secreted TPP1 will be picked up by other cells in the brain. Animals injected with this gene have shown an improvement in their cognitive and motor skills.   

Researchers are experimenting placing the gene in one of two places within the brain and monitoring the results.  It is believed the replacement gene will allow for long-term synthesis and secretion of TPP1, to prevent further neuron loss, and to repair damaged brain cells caused by Batten Disease.  Once these cells are repaired it should lead to improved cognitive and motor skills in children.  It is hoped the child will be able to overcome these issues and lead a normal life.

One of the components of the human brain is the “Blood Brain Barrier (BBB)” which consists of specialized blood vessels in the brain that prevent foreign substances as well as many normal circulating proteins from entering the brain.  The challenge to researchers is to develop a delivery mechanism that will be able to successfully overcome this barrier.

One of the promising delivery options is a gene transfer vector derived from adeno-associated virus (AAV).  AAV vectors are non-replicating and non-infectious, and are used only as vehicles to transport the therapeutic or correct gene into cells in the body.  The Davidson lab has modified the AAV vector so that it can efficiently deliver the TPP1 gene to cells within the small blood vessels that make up the BBB.  In this way, the blood vessel cells will make and secrete TPP1 to the underlying brain tissue.  With this strategy, the AAV vector can be injected into the peripheral blood system, to deliver the TPP1 gene to the BBB, and eliminate the need for invasive injections into the brain.  This approach has worked a mouse model of Batten Disease and will soon be tested in larger animal models.     

A second gene transfer approach is to use an AAV vector to deliver the TPP1 gene to the cells that line the ventricles of the brain.  The ventricles are fluid-filled spaces in the brain.  The cerebral spinal fluid (CSF) flows between the ventricles and around the brain, and penetrates into the brain tissue.  This approach would require a single injection of AAV into the lateral ventricle of the brain, to mediate TPP1 gene transfer to the cells that line the ventricles.  These cells can then continuously produce and secrete the TPP1 into the CSF, which in turn will deliver TPP1 throughout the brain. 
Results from both approaches have been positive as testing continues on various animal models of neurodegenerative diseases.  These models have shown there is improved pathology and behavior with these subjects.  Testing of gene transfer to cells lining the ventricles of the brain is underway in a large animal model of Batten Disease.   If this testing produces positive results, in 2011 the Davidson Lab will pursue permission from the FDA to proceed to conduct human trials.  

