Workshop on “Translational Research Priorities for Infantile (CLN1) and Late Infantile (CLN2) Forms of Batten Disease”.  

Session I: Introduction to NCLs
Denia Ramirez-Montealegre provided background on the study of NCL, with special emphasis on the infantile (INCL) and late infantile (LINCL) forms including what is known thus far about PPT1 and TPP1.
Peter Lobel highlighted their approaches to restore enzymatic function through enzyme replacement therapy targeted at reversal of deficits in TPP1. Previously, the Lobel group has shown that TPP1 delivery via intracranial injection of AAV1 gene therapy in the LINCL mouse substantially increased in survival rate. One problem to tackle is coming up with non-invasive delivery mechanisms into the brain. The Lobel lab is performing intravenous injection of recombinant TPP1 and see reduction in storage material in mutant mice (although not to WT levels). They are now looking at interthecal injections (IT) and have found that you have deliver fairly large volumes without much change in intercranial pressure. The enzyme has a half life of about 3 days and an acute (single) administration can prolongs the survival of LINCL mice, thus demonstrating that as little as 50% restoration is clearly sufficient for rescue the disease phenotype.

Session II: Therapeutic Studies – Delivery
Robert Steiner gave an update on the Phase I clinical trial being performed in conjunction with StemCells using human neural stem cells injected into INCL and LINCL patients. The purpose of this study was to test the tolerability of multiple interventions in which six patients were given either a high (~900 million cells) or low (~300 million cells) dose injections into multiple cerebella and ventricular sites. They have succeeded in demonstrating that the stem cell dose and surgery procedure are well tolerated. As they were focused on patients with advanced NCL, so no improvement in neurological phenotype were expected. Their team is currently recruiting for a long-term Phase Ib follow-up study.
Sandra Hofmann discussed her recent work in using recombinant PPT1 for enzyme replacement therapy. In conjunction with the Lobel lab, they have developed a single step purification technique for a stable, bioactive recombinant human PPT and are assaying various protein tags to enhance incorporation into the brain, focusing primarily on a RAP-tagged PPT which shows high potency in a lymphoblast cell correction assay with no adverse affects. Biodistribution studies showed very low levels of enzyme in the brain (>~1%). They are currently doing mouse performance assays and see improvement at 7 months with weekly intervenous PPT injections starting at 8 weeks following enzyme replacement
Mark Sands touched on several studies his lab is working on using combination therapies. The first combined gene therapy (AAV5-PPT1) with Cystagon. Following this combined treatment regimen, AAV5-PPT + Cystagon treated mice showed elevated levels of enzyme, decreased storage material, enhanced survival rate, significantly improved brain structure, and improved motor function although these treatments do not rescue back to WT levels. Next they combined their AAV-gene therapy with bone marrow transplant. This combined treatment showed enhanced enzyme activity, significant increased life span to medial of 17 months – greater than AAV5 alone or AAV5+Cystagon, and improved motor function. Thus these studies show that BMT in combination with AAV5 seems to be synergistic. Now looking at there the BMT “resets” the immune system.
Beverly Davidson discussed her work on taking advantage of the vasculature for LINCL therapy. She pointed out, as previous presenters did, that we don’t need to correct every cell to get rescue – that just by rescuing 1-2% you might be able to have total enzymatic rescue. Their current approach for delivery of PPT1 into the brain takes advantage of the CSF and the brain vascular. Brain microvascular: they have identified a peptide that enhances binding to the brain microvascular and modified their viral capsid to contain this peptide (AAV-GMN PPT1) and prelimariny studies with this gene therapy platform look promising. IT: Brain penetration though intercalation into the perivascular spaceusing minipumps delivery of PPT1 into the ventricles/CSF, they show a significant increase in enzyme activity and decreased storage material, gliosis, and resting tremors.
Silvia Muro discussed a new approach for gene therapy which allows for targeting specific cells and minimizing off target affects to different tissues. This Trojan horse method hijacks the endocytic transport pathway to act as a drug carrier and allow for delivery to the cytosol and can be modified to target delivery to unique cellular compartments (like the lysosome for NCLs) while keeping other parts of the cell protected. These Trojan horses can be fabricated for loading hydrophilic or hydrophobic cargo with a high payload and are very “stealth,” allowing for regulated intracellular deliver. She went on to discuss application of this system through targeting the I-CAM receptor as a delivery mechanism for treatment of Neimenn Pick and Pompe mutant mice and have shown that the delivery system does not release the enzyme/particles until they have reached an acidic pH mimicking the lysosome. 
Steven Gray overviewed enhanced mechanism for gene therapy using AAV, including intravscular deliver techniques (like Dr. Davidson’s work) to provide widespread delivery to the entire NCS. They are using tail vain injections of AAV9 and show high delivery into peripheral tissues and some delivery into neurons and glia. They also used IT delivery of AAV9 and AAV2.5 through a lumbar punch and cisterna magna in mice and monkeys. Both serotypes are wide spread and can see about 1-5% area that is GFP positive so getting a good delivery and this does not matter whether the animal has pre-existing neutralizing antibodies. The big advantage of this system is that you can get a better affect with a lower dose – so you wouldn’t need to produce such a large amount of virus for one individual.
Session III: New Therapeutic Approaches to INCL and LINCL
Rozzy Finn discussed work targeting glutamate receptors as a novel therapeutic target for the treatment of INCL. They show that neurons from Cln1-/- mice are more sensitive to NMDA-mediate cell death – and this effect is specific to glutamatergic synapses and they are less sensitive to AMPA-mediate cell death with cyclothiazide. They hypothesized that there might be differences in the receptor cycling and show there is significantly less GluR4 AMPAR subunit on the cell surface. Her future plans are to treat mice with glutamate receptor targeting compounds already approved for use in humans NMDA: memantine, dextromethorphan, and ketamine and the positive allosteric modulator of the AMPAR ampakine CX546. 
Kalipada Pahan discussed their work showing that statins inhibit the induction of NOS in PD. Using a similar approach to study LINCL treatment, if they use shRNA to knockdown hTPP1, it increases the levels of endogenous ROS in primary human astocytes and this can be inhibited by simvastatin.  This KD stimulates the expression of iNOS in primary human astrocytes which can be inhibited by simvastatin – this was also done in combination with IL-1B which stimulated iNOS release and there was a substantial enhancement of release. Could we think of simvastatin as a therapy for LINCL? Probably not as cholesterol is so important for the kids development so if you knocked this down would you cause other proteins but what if you target the key intermediate?
Ravi Singh discussed his work on using antisense mediated correction of aberrant splicing SMA. Humans have 2 copies of SMN (1 and 2) in reverse directions from one another and in patients with mutant SMN2 there is a splice site that leads to skipping of exon 7. Typically SMA patients lose SMN1 and have an aberrant copy of SMN2 which leads this exon 7 skipping. So their labs approach is to prevent SMN2 exon 7 skipping to rescue the disease. They have tested their therapy on human cells to see corrections in the splicing defect. But they confess that the problem with these therapies in human is that none of them are crossing the BBB. So they are currently trying to generate smaller oligos that can still stimulate a correction exon skipping mutation and found a fairly small oligo. They have shown that one dose of the oligo was able to maintain/restore protein levels for up to 5 days and it is able to trigger subcellular reorganization characteristic of what you normally see in healthy cells. 
David Bedwell discussed nonsense suppression and how this type of approach might be useful in NCL patients who have a novel, premature stop codon mutation. He has looked at many compounds that will allow exon skipping or stop codon read through: Gentamicin/G418, amikacin, ptc124, and others which promote read through by 1-10% by inhibiting the termination reaction. Currently their group is is looking at the lysosomal storage diseased mucopolysaccharidosis I-hurler (MPS I-H). In MPS they are pursuing a new approach – combine nonsense suppression with inhibition of nonsense-mediated mRNA decay (NMD) to maximize protein production. NMD reduces the steady-state abundance of mRNAs containing nonsense mutation. Two ways to inhibit NMD inhibitors are to inhibit the kinase Smg1 with wortmannin/caffeine or inhibit the recruitment of the phosphatase. They show that combining the NMDI-1 with the gentamicin in MEFs and mice was able to significantly promote read through.
Michael Jackson covered ways to screen compounds (drugs) using high content imaging and patient derived cells. He discussed the intellectual concept for design of a high throughput assay for INCL or LINCL. Their center is one of four comprehensive screening centers in the MIH molecular libraries probe production center for high throughput screening and one of three NCI chemical biology consortium centers. For any screening they can use: 1) classical drug discoveries or hit finding:, probe discovery to validate a target as drugable and relevant to the disease; 2) “black-box” cell based phenotypic screen to identify novel drug target/pathways – an example of this would be discovery of compounds that trigger the differentiation of pluripotent stem cells or what they call a way to study a disease in a dish.
Session IV: Clincial Trials
Edward McKay from Genzyme Corporation again raised the idea of intracerebroventricular delivery as an alternative to distribute protein to the entire brain and spinal cord. He discussed their work showing that interthecal delivery may be useful for delivery to the spinal cord and hind brain but not good for forebrain delivery. Next he highlighted his lab’s work on substrate reduction therapy in LSD using small molecules. They are studying Gaucher disease in an attempt to bring the substrate down to the levels of the enzyme but same approach could target Tay-Sachs, Nieminn Pick and Gaucher by targeting glucosylceramide synthase (GS) to prevent the glucocerebrosidase accumulation as they all pass through a common pathway and Genezyme has now developed Eliglustat tartrate to inhibit the GS. They were able to identify a novel 603550 as a novel GCS compound for increase entry into the brain.
Katherine A. High discussed her work on approaches for AAV-mediated gene therapy for Leber’s Congenital Amaurosis and highlighted some of the regulatory considerations, clinical endpoints, and results of their phase I/II study and how these lessons learned can be applied to developing therapeutics for NCL.
Ronald G. Crystal discussed their gene therapy clinical trials with AAV2hCLN2 (TPP1). They saw a significant difference between the treated children and control children that they were watching in their clinic. They have since found AAVrh.10 serotype has a high efficacy and are switching to this platform.  With this new plasmid, they got enzyme rescue. They showed that the earlier you were able to treat, the better the outcome following treatment. In non-human primates, this new vector/serotype gave about 90% spread which is significantly higher than any other serotype that they had ever worked with and so they then moved in to a new NIH funded clinical trial. Currently looking at fluid movement via MRI, whole brain spectroanalysis, and tensor imaging which they feel give more reliable measures of function/recovery. 
Niklas Mattsson discussed way to look at the levels of various proteins in the CSF to get an idea of diagnostic accuracy. These tools are most heavily used in the AD filed and they have also shown the presence of CSF Tau in patients with progressive white matter disease. There was instance to increased CSF tau in CLN3/Batten patients and they are seeing this accumulation of Tau corresponds to axonal degeneration in various other diseases. Dr. Mattson went on to highlight experiments they are doing in Neimann Pick and discussed the need to decrease inter-lab variability in testing.
Emil D. Kakkis discussed what should be research priorities of INCL and LINCL reiterating that collecting natural history data is going to be imperative to setting up a type of therapeutic. There needs to be a quantitative imaging method, clinical neurological outcome, and clearly defined surrogate measures of the disease. 
Anne Pariser gave a review on the FDA Review and Regulations for Rare Disease Clinical Trials. Remind everyone that you need to keep in mind the major elements when having a drug approved: 1) need a clear statement of purpose; 2) permit a valid comparison with a control (both a concurrent/placebo as well as a historical control); 3) clear method of selection of subjects; 4) methods for assigning patients to treatment/control groups; 5) adequate measures to minimize bias; 6) methods of assessment of response are well-defined and reliable and 7) analysis of the results if adequate to access the effects of drugs. 



Prioritize list of goals generated from the meeting

Goals for advancing research
· Treating mice with either steroids and/or anti-inflammatories to see whether these can correct disease/pathology and whether these strategies with FDA approved drugs should be used in patients.
· Identification of Biomarkers/Surrogates in mice and/or in samples from patients. These need to be meaningful that can predict clinical outcomes
· If this is to be a priority, we need to come up with a system for getting these patients together in a registry with a standardize rating scale. Or at least a standard for how these samples are collected so that there isn’t a lot of variability the results
· Understanding the biochemical defects – rather than getting in to things that are more downstream such as the inflammatory and/or neurodegeneration. There is some concerns that enzyme replacement therapy won’t work – so if we think these are important aspects of treating the disease then we need to stay focused on that.
· The downstream targets may provide some useful clinical data while we are working on getting the ERT ready. 
· Large models: Real challenge is how to scale up delivery of therapies to larger animals. Most of work is done in small animals – whether a priority should be given to focusing on larger animals. A lot of this can be done in control animals but if there was better access to larger animals then a lot of these animals can be done.
· Would want to see the dog models out of Missouri and in to another labs hands.
· Necessary to do the pathological work up on these large models so we know if what we are seeing in mice is identical to what is going on in larger models.
· But there is no reason to go in to large animals if the FDA does not need that data. Anne does not know for sure because of the toxicology measure and this would vary depending on the treatment (ie stem cells may require different standards than gene therapy)
· Is there any different disease progression depending on what treatment they are on -- 


Goals for moving treatments in to the clinic
· Setting up clinical studies to target both CNS disease and also systemic disease – set studies for multifactorial design
· Paying attention to other things that are going on in the disease such as scholeorsis. This aspects of these disease are going to need to be treated in combination with the primary treatments
· These systemic disease and symptoms are going to vary with patients and we need to be cognoscente of what they are and how they need to be treated before it is too late.
· Need to set up a patient registry that all are accessible. This will require cooperation between scientist, university, patient organizations, and other. These will require IRB/HIPAA standards that can be shared across all. This registry need to have a three prong approach
· Database in the system
· Tissue bank
· Sensitivity testing
· We need to come up with a concise, uniform rating scale that can be used by all. We need to get an infrastructure in place which would include collecting natural histories, working out what the exact steps will be taken in evaluating patients, and how to evaluate the imaging data so that when the therapies become available that we are ready to immediately role these out. 
