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Introduction

The information that is contained in this document is to be used for reference only and should not be construed as absolute information.  The information has been compiled from various sources and represents opinions of those who attended the conference.  All information should be used in a constructive nature.

The aim of this document is to summarize the discussions of the information presented during the “Clinical Trial Initiative” conference.  Discrepancies and inaccuracies may exist and it is advised to contact conference attendees to obtain detailed information regarding the subject matter.  A conference contact list is attached to assist in gaining additional clarity on specific information.
Conference Objectives

The objectives of the conference were:

· To generate pharmaceutical interest in novel therapeutic approaches (ERT/Gene therapy using AAV) to treat CLN1 and CLN2 through open collaboration with researchers in the field.

· To obtain scientific updates from NCL researchers so that we can provide disease specific information and data to company representatives.

· To obtain research and development updates from leaders in the fields of Enzyme Replacement Therapy and Gene Therapy using AAV.

· To identify the role of involved parties in the development of a strategy to initiate a clinical trial.

Conference Overview

The overall goal of this conference was to organize and direct the necessary components and data toward a clinical trial for CLN1/CLN2.  Leading biotech companies were brought together to develop partnerships and strategize in a manner in which to begin these efforts.  Scientific updates were presented to inform attendees of the latest research data available and to answer disease specific questions.  Gene transfer data for CLN1 and CLN2 using AAV was presented to inform the attendees of the remarkable CNS correction and distribution data.  A FDA representative was present to discuss regulatory administration.  Potential clinical centers, a nuero-surgeon, and NCL clinicians were involved to assist research toward a therapy and ultimately a clinical trial.

The “Clinical Trial Initiative Conference” was the first of its kind.  Never before had a group been assembled that contained this type of unique mixture of experts.  This innovative meeting brought representatives from every aspect of drug development together to advance the direction of these disorders toward the initiation of a trial.  Key individuals from every facet of therapy development, basic scientist to commercialization, were in attendance.  Every necessary component in therapy development was represented to ensure that any unanswered question got addressed with a potential solution.  The conference was tremendously productive in fostering collaboration and propelling research toward a clinical trial.  The success of the meeting was mainly due to the open collaboration between each party interested in achieving a common goal, a treatment for CLN1/CLN2 children.  This symposium has provided a forum for each attendee to share their knowledge toward the initiation of a clinical trial.  This conference was organized, conducted, and funded by the NCLRA (a parent group).

The information presented was well perceived by each attendee.  No issues were raised that did not have a working resolution (“no show stoppers”).  The conference confirmed that the necessary science is in place to move forward toward a clinical trial for these disorders.  A therapy for CLN1 and CLN2 will exist in the near future.  This is an opportunity for any interested organization to be involved with a successful gene transfer clinical trial.  The CLN1/CLN2 disorders are in position to be taken to a clinical trial with the correct trial partners. Given the information presented, a consensus of the representative from the organizations in attendance believe a therapy for CLN1/CLN2 can be to a clinical trial between 18 and 36 months.
Notable conference accomplishments and information presented:

· Informed that a biotech company is pro-actively pursuing developing therapies for metabolic diseases of the nervous system. 

· Information presented that displayed the reversal of damage in the CNS after receiving gene transfer in a LSD.  Recovery of functional deficits presented.

· Informed moderately to severely effected patients should be included in NCL clinical trials in order to more easily determine therapeutic benefit of a treatment.  This is especially relevant with NCL disorders due to the markers for the trial will be heavily weighted on clinical review.

· Confirmed that a mouse model is not necessary or required by the FDA to proceed.

· Generated pharmaceutical interest in therapeutic approaches to treat CLN1 and CLN2 through open collaboration with researchers in the field.

· Established open lines of communications between attendees 

· Key attendees:  Avigen, Cell Genesys, Genzyme, Iowa University, Targeted Genetics, University of Minnesota, Peter Lobel, Jon Cooper, Mark Sands, FDA, NIH, NCLRA, and BDSRA.

· Confirmed the need to identify markers and endpoints (gather clinical histories, imaging technology, obtain quantitative measures).

· Confirmed need to quickly establish a clinical center.

· Obtained an understanding from the FDA to keep them involved as early and as often as possible in the IND development process.

· Obtained scientific updates from NCL researchers, providing disease specific information and data to company representatives.

· Obtained research and development updates from leaders in the fields of ERT and gene therapy.

· Confirmed need to lobby government to show support of gene and stem cell therapy.

· Identified potential roles of attendees in the strategic development of initiating a clinical trial.

Conference Attendee Clinical Trial Role definition

One of the main goals for the conference was to develop strategic clinical trial partnerships from the attendees.  The key clinical trial components to be confirmed are:  sponsorship, GMP vector producer, clinicians, neurosurgeons, a trial site/center, and a trial administrator.  The necessary components were assembled to begin collaborations and foster relationships in working toward a clinical trial for CLN1/CLN2.  Each attendee at the conference discussed the potential role that their organization could partake in a clinical trial for CLN1/CLN2.  The roles that were mentioned are not necessarily the view of the organization that they represent.  These discussions relate hypothetically to roles in which the organizations could assume and in which they have experience performing.

Avigen

The most immediate role for Avigen would be in a collaborative role with other partners to produce clinical grade AAV2 to be used in toxicity testing and clinical trial execution.

	Sponsorship
	Gene transfer using AAV is the core of their business, but CLN1/CLN2 is not part of their current strategic focus.  Avigen could have an interest in collaborating on the trial.

	Vector Production
	Avigen has facilities to produce clinical grade AAV.  They are currently producing AAV for other therapies and in the future could have available production time for a CLN1/CLN2-AAV production run.  Collaborations could be developed with Avigen for AAV production.

	Clinicians/Surgeons
	Relationships with NCL clinicians and neuro-surgeons could be developed.

	Trial Site/Center
	Typically involve the disorder’s clinical center (if exist).  Markers and endpoints of trial would drive clinical trial site/center.

	Trial Administrator
	Typically administer their own trials but have outsourced.


Cell Genesys

The most immediate role for Cell Genesys would be in a collaborative role with other partners to produce clinical grade AAV2 or lentivector.  

	Sponsorship
	Gene transfer is a core part of their business, but CLN1/CLN2 is not part of their current strategic focus.  Key issues need to be addressed before they would get involved on a sponsorship level (Pre-clinical data, Clinical trial design, and Regulatory input).

	Vector Production
	Cell Genesys has facilities which could be used to produce clinical grade AAV2 and lentivector.  They currently produce many types of vectors for other therapies and would envision providing vectors through collaborative efforts with other partner(s).  Alternatively, for a phase I trial, their proprietary lentivector (lentikatTM) could be produced by the National Gene Vector Lab at Indiana University.

	Clinicians/Surgeons
	Relationships with NCL clinicians and neuro-surgeons could be developed.  They have existing relationships with academic leaders in the CNS gene therapy arena.

	Trial Site/Center
	Typically involve the disorder’s clinical center (if exist).

	Trial Administrator
	Typically administer their own trials but have outsourced.


Genzyme

The most immediate role for Genzyme would be either in regards to sponsorship or trial administration.

	Sponsorship
	Genzyme could be in the position to sponsor a trial in the future.  They have an interest in metabolic diseases of the nervous system.  Genzyme has performed trials where they are involved in every aspect from drug production to trial administration and have contracted others to perform specific components of a trial.  Each therapy is a case-by-case decision.

	Vector Production
	Could produce or outsource.

	Clinicians/Surgeons
	Have relationships with NCL clinicians and neuro-surgeons

	Trial Site/Center
	Typically involve the disorder’s clinical center (if exist).

	Trial Administrator
	Typically administer their own trials but have outsourced.


Targeted Genetics

The most immediate role for Targeted Genetics would be in collaboration with other partners to produce clinical grade AAV2.  Targeted Genetics could also aid in an advisory role in regards to trial administration. 

	Sponsorship
	CLN1/CLN2 is not part of their current strategic focus.

	Vector Production
	Targeted Genetics has the capabilities to produce AAV or contract out vector production.

	Clinicians/Surgeons
	Relationships with NCL clinicians and neuro-surgeons could be developed.

	Trial Site/Center
	Typically involve the disorder’s clinical center (if exist).

	Trial Administrator
	Could administer or outsource.  Targeted Genetics has great deal of expertise in gene therapy clinical trials and could use this knowledge to aid in the administration of a trial.


Iowa University

The most immediate role for Iowa University would be to provide clinicians and neuro-surgeons for a clinical trial and to be the clinical trial site/center.

	Sponsorship
	Iowa does not currently have investigators interested in sponsoring a CLN1/CLN2 clinical trial.

	Vector Production
	Iowa would have to collaborate with a GMP facility to obtain clinical grade vector for a trial.  These collaborating relationships have been developed.

	Clinicians/Surgeons
	Iowa has interested clinicians and neurosurgeons to participate in a clinical trial. 

	Trial Site/Center
	Iowa has a strong interest in being a clinical trial site and even a NCL clinical center.

	Trial Administrator
	An Iowa investigator could administer the trial or other parties could perform the trial administration on site.


University of Minnesota
The most immediate role Minnesota University would be to provide clinicians and neuro-surgeons for a clinical trial and to be the clinical trial site/center.  Key personnel from the university may also provide a tremendous amount of assistance in an advisory role during trial design and administration.

	Sponsorship
	Minnesota does not currently have investigators interested in sponsoring a CLN1/CLN2.

	Vector Production
	Minnesota would have to collaborate with a GMP facility to obtain clinical grade vector for a trial.  These collaborating relationships have been developed.

	Clinicians/Surgeons
	Minnesota has interested clinicians and could obtain neurosurgeons to participate in a clinical trial. 

	Trial Site/Center
	Minnesota has an interest in being a clinical trial site and even a NCL clinical center.  They posses experience in gene transfer clinical trials and have working experience with bio-tech companies in the past.

	Trial Administrator
	A Minnesota investigator could administer the trial or other parties could perform the trial administration on site.  Minnesota has experience in gene transfer clinical trials.


Next Steps

The conference confirmed that we are closing in on the initiation of a clinical trial for CLN1/CLN2.  The groundwork for getting a therapy to trial has been set and only gathering the remaining “necessary” pre-clinical data must be obtained.  The next steps for a clinical trial effort can be accomplished swiftly by utilizing each resource available in an efficient manner.  During the conference a willingness to collaborate between each attendee on the efforts of performing a clinical trial was displayed.  With this existing current cooperative environment, many of the remaining steps can be achieved rapidly by utilizing the resources available from each attendee.  Collaborations from attendees must be encouraged to ensure the success of a CLN1/CLN2 therapy.  This type of cooperative effort will lay the groundwork for many promising therapies in the future and many future successes for each attendee’s organization.  Many of the next steps can be obtained in parallel with one another given the correct resources are being dedicated to them.  It will be necessary to leverage the attendee’s knowledge and experience in the preparation of the protocol and IND submission.

The next steps toward pursuing a clinical trial for CLN1/CLN2 are below.  Listed are the points of action and the potential organizations or individuals that have the ability to assist in the accomplishment of the action item:

	Action Items
	“Potential” Resources

	Identify "necessary" data needed for IRB, RAC, and IND submissions.
	NCLRA,

FDA - Cynthia Rask, 

Other Conference Attendees

	Once “necessary” data is identified utilize collaborative efforts to accomplish the obtainment of this data.
	NCLRA,

Mark Sands,

Beverly Davidson,

Other Conference Attendees

	Obtain Clinical Grade Vector


	NCLRA,

Avigen,

Cell Genesys,

Genzyme,

Genovo,

Targeted Genetics

	Establish Clinical Trial Partnerships

· Sponsorship

· Trial Administration

· Trial Sites

· Clinicians and Surgeons


	NCLRA,

Avigen,

Cell Genesys,

Genzyme,

Genovo,

Targeted Genetics,

Mark Sands,

Beverly Davidson,

Iowa University,

University of Minnesota,

NIH

	Develop Trial Protocol and Points of Consideration


	NCLRA,

NCL Clinicians,

Chester Whitely,

Each Conference Attendee

	Identify markers and endpoints

· Investigate what research is being performed to determine quantitative markers and new technologies (e.g., nasal neurons, new imaging techniques)

· Develop comprehensive clinical history database on patients.  Once database is developed, analyze data to correlate clinical histories.  This data will be used for markers to display efficacy.  A change to the “typical” clinical progression is a good marker.


	NCLRA,

Each Conference Attendee,

NCL Clinicians,

NCL Clinical Center

	Continue to pursue and support other related research being performed in the areas of other LSDs, AAV, protocol development, gene therapy, and related clinical trial efforts.


	NCLRA,

NIH – Giovanna Spinella

	Evaluate clinical centers, identify, select, target, and get committed.

· Currently evaluating:  Iowa, Minnesota, NIH, Massachusetts General, Stanford, Duke, IBR, John Hopkins, Children's Hospital of Philadelphia, Washington University.


	NCLRA,

NIH – Giovanna Spinella,

Each Conference Attendee

	Finalize IND for Submission


	NCLRA,

FDA – Cynthia Rask,

Sponsor

	Keep the momentum moving.  Help foster collaborations between attendees.
	NCLRA,

Each Conference Attendee

	Pursue the obtainment of the necessary funding and resources to acquire the remaining “necessary” data needed.
	NCLRA,

NIH, 

Private Sector

	Continue to pursue small molecule therapy research (i.e., gentamycin).


	NCLRA,

Peter Lobel,

Sandra Hofmann,

Genzyme




Attachment – Detailed Conference Discussions

CLN1 Research Update

Sandra Hofmann presented the CLN1 research update.  The main topics discussed were:  the biochemical and molecular genetics of CLN1 focusing on PPT (palmitoyl protein thioesterase) the enzyme deficient in Infantile NCL, potential therapeutic approaches, and mouse model development.  After the discussion a questions and responses period was held.  A summary of the specific detailed commentary follows under the appropriate heading.

CLN1 Background

CLN1 has an overall incidence of 1 in 250,000, with an incidence of 1 in

20,000 in Finland.  The disease profoundly affects the CNS and characterized by retinal degeneration, disruption of speech and motor function, and profound seizures.  Measurements of cortical activity reveal a flat EEG by age 3, with death by 7-10 years old.  Observed microscopically, cells accumulate ceroid and lipofuscin, lipopigments that also accumulate in normal aging.  Ultra-structurally these accumulations have the typical GROD (Granular with osmophilic deposits) appearance.  The CNS of CLN1 patients develop normally, but subsequently exhibits massive neuronal loss with preservation of non-neuronal or glial cells. However, the cause and progression of neural loss in CLN1 remain unknown. Biochemically, CLN1 patients show very little or no PPT activity.  The development of an artificial fluorescent substrate for CLN1 (van Digglen) has provided a simple diagnostic assay.  CLN1 or palmitoyl protein thioesterase is a soluble lysosomal enzyme that catalyses the hydrolysis of fatty acids from cysteine residues of proteins.  Thioesterases are enzymes that remove these fatty acid modifications and as such may alter the function of the protein to which they are attached.  From a biochemical aspect only low levels of enzyme activity are needed (around 10%).

Biochemical and Molecular Genetics of CLN1

Work in Sandra Hofmann's lab was initially focused on the oncogene H-Ras that is associated with the plasma membrane via two lipid tags - S-Farnesyl and S-Palmitate via a thioester bond.  One of the goals in Dr Hofmann's lab was to identify and study the enzymes that add or remove these fatty acids and may alter the oncogenic (cancer forming) properties of H-Ras.

As part of this discovery process, Dr Hofmann radiolabeled the palmitate group on H-Ras and added a source of enzyme (from ground bovine brain).  Something in this extract specifically cleaved the palmitate (leaving the farnesyl group intact), suggesting that they had discovered a palmitoyl thioesterase.  Purification of the protein revealed it to have a signal sequence near its N-terminal, which was discovered an unexpected result.  The newly identified enzyme was localized to chromosome 1p3.2, a region to which a Finnish group had localized the gene CLN1 that is mutated in infantile NCL.  The enzyme was identified as CLN1 or PPT and was found to bear a single point mutation (Arginine 122 to Tryptophan) near its active site in 20 out of 22 CLN1 patients.

To provide background information concerning CLN1 enzyme biology Dr Hofmann gave a summary of normal lysosomal enzyme trafficking.  Lysosomal enzymes are phosphorylated on mannose-6 phosphate residues that act as a special tag to target these enzymes to the lysosome by interacting with the M-6-P receptor.  This receptor captures phosphorylated lysosomal enzymes and delivers them to their appropriate lysosomal location.  Other non-phosphorylated enzymes are instead secreted extracellularly, something that may also occur for lysosomal enzymes if they are mis-targeted or expressed at a high enough level.  Such secreted lysosomal enzymes may then be taken up by mannose-6-phosphate receptors on other cells, internalized and delivered to their lysosomes.  Dr Hofmann described a series of tissue culture experiments using cells transfected to overproduce PPT.  These cells secrete PPT into the culture medium.  If this medium is given to COS cells (that do not themselves produce PPT), it is possible to monitor and measure the uptake and internalization of PPT from the medium.  The appropriate blocking experiments revealed this process to be via the conventional mannose-6-phosphate pathway.

The normal substrate for CLN1 is fatty acylated proteins, and if PPT is mutated it should be possible to detect the build up of fatty acids attached to cysteine residues and/or acyl peptides derived from acylated proteins.  To determine if this was the case for PPT, fibroblasts from INCL patients were metabolically labeled by being grown in the presence of radiolabelled cysteine.  After thin layer chromatography many new bands (representing proteins that are not fully broken down) are seen in INCL cells, but not in controls.  Incubating these extracts with recombinant PPT will degrade these bands.  Treating with the protein synthesis blocker cycloheximide prevented the formation of cysteine-labelled lipids, demonstrating that these substrates are protein derived.  Taken together, these results have suggested a model for abnormal substrate accumulation in CLN1.  Proteins that are associated with the plasma membrane are normally phagocytosed or endocytosed and are taken up into endosomes and lysosomes.  The activity of other lysosomal enzymes is normal, but because of PPT deficiency, cysteine-labeled lipids accumulate in lysosomes and secondary lysosomes in INCL.

The levels of PPT activity in human brain tissue have been assayed developmentally and at ages up to 70 years old.  In early life, PPT activity is relatively low (until 18 months- 4years).  An interesting question is whether these low PPT levels predispose to any problems in clearing damaged proteins after brain injury.  Together with K Wisniewski, they undertook genetic studies of patients with GROD material in brain or leukocytes regardless of age.  Mutations were found throughout all nine exons of the PPT gene.  One mutation early in exon 5 (present in 41% of cases) resulted in message instability.  Genotype-phenotype correlations of mutations with age of onset (summary of clinical data collected by K Wisniewski) revealed that mutations that affect the active site, which result in abolition of enzyme activity, cause early presentation of most symptoms (seizures, vision, cognitive, motor) by age 2.  In contrast other mutations (missense) result in later presentation of less severe symptoms past age 2.  We now know a lot about the PPT enzyme, which has a very high turnover rate (3days).  The 3D crystal structure of PPT reveals it to be a lipase look alike.  Labeling the active site revealed it to be formed of three Asp-Serine-Histidine residues forming a catalytic triad in a classic hydrolase fold.  3 N-linked glycosylation sites exist that are very important for PPT activity and structure (if you cut the sugars off on this enzyme it has no activity).  Plotting the position of common mutations onto this model reveals that mutations that result in a more severe phenotype lay close to the active site in the palmitoyl-binding site.  Mutations that result in a less severe phenotype lie elsewhere in the molecule have more subtle effects on protein folding.  None of these mutations are targeted normally because no mannose-6-phosphate glycosylation takes place.  The enzyme that performs this glycosylation is very sensitive to 3D protein conformation.  The Finnish mutation is in the core of the molecule in a region very important for appropriate protein folding.  The molecule has no movable lid, in contrast to some other lipases, suggesting that the substrate must be in a solublised form for PPT to work.  It is likely that other enzymes chop proteins into smaller pieces that PPT can subsequently digest.

Potential Treatments for INCL

· Bone Marrow Transplantation

· Hematopoietic Stem Cell Therapy

· Gene Therapy

· Enzyme Replacement Therapy

· Small Molecule Therapy

Bone Marrow Transplantation

Bone Marrow Transplantation has a strong rationale as a therapeutic treatment for INCL.  BMT has been performed on INCL patients in Finland however no data is available at the present time.  What is known is that BMT slows the progression of the disease in patients however because of the rapid progression of this form of NCL BMT is not recommended on patients over the age of 4 months.

Hematopoietic Stem Cell Gene Transfer

There has been a recent report of a successful therapy of this nature in France in a very selected SCID case in which T-cells missing receptor that helps them to grow.  One issue is whether stem cells could populate fast enough in INCL.  Also, such treatments may only apply to cells that have the capacity to divide (i.e., Not neurons which are post mitotic).

Sandra Hofmann has been involved with Victor Garcia, a Pediatrician at UT Southwestern who has been successful in transducing hemotopoietic stem cells with a vector containing GFP (a marker that can be tracked easily).  He is transplanting the stem cells into mice that have no immune system of their own and is obtaining good results - 50% transduction with high level of expression.  A vector for human studies is still being developed.

Enzyme Replacement Therapy

There is strong evidence to suggest that ERT would be an effective treatment for INCL patients due to the fact that PPT is a soluble lysosomal enzyme that has the ability to cross correct.  It is this principle that forms the underlying basis for ERT whereby delivered enzyme can be taken into enzyme deficient cells.  Questions remain, however, about an effective method of delivering enzyme to the brain.

AAV Gene Therapy

INCL is well suited for this type of gene therapy as the genetic mutations have been identified, the cDNA of PPT is available and importantly the protein is secreted.  We expect experiments relating to efficacy and toxicity on a mouse model to begin in the near future. 

Small Molecule Therapy

Small molecule nucleophiles are being investigated for CLN1 to go into cells and breakdown thioester bonds in accumulated storage material.  Unfortunately some of these molecules may be toxic.  The aim would be to design small molecules that would accumulate only where required.

Mouse Model Development

It is important to have a small animal model for PPT deficiency.  Sandra Hofmann showed her strategy for making CLN1 knockout mice that has now reached to stage of high percentage chimeric mice.

Dr Leena Peltonen now has homozygous CLN1, which are viable however quite ill.  These mice should be available soon for study.

Discussion and Questions

Question:
Is PPT a candidate for enzyme replacement?

Response:
Do not see why it would not be.  But we do not have toxicity data at present but does not see why could not be produced like other lysosomal enzymes (i.e. as in Gaucher's).  It is typical of Lysosomal Storage Diseases that the level of enzyme replacement needed is not high - 10% of normal would be fine.

Jon Cooper in response to question regarding targeting.  Most work has been done on post mortem human tissue and we have little idea how the disease progresses.  This is where mouse models helpful.  In other mouse models certain areas are more vulnerable.  Where and when to intervene are very important questions to ask

Question:
With all of these diseases you get lysosomal accumulation in many types of populations of neurons.  This is a general metabolic disease, which affects every part of the body.  An important question is that if the CNS is treat early, will there be problems later on?
Response:
Must work out the course of disease progression and when and where to intervene.

Question:
Can you comment on small molecule nucleophiles that would distribute themselves throughout the CNS?
Response:
Small molecule nucleophiles for CLN1 are being worked on in the lab.  Unfortunately some of these molecules may be extremely toxic.  The trick would be to design small molecules that would accumulate only where required.

Question:
Cell culture work - can you develop assay that has reproducible toxicity in terms of looking for small molecule?
Response:
This could be tested in neuronal cultures (from knockout mouse model).

Question:
What is half-life of PPT?
Response:
In tissue culture it is about 7 hours both inside cells and in the tissue culture medium have not looked beyond this but usually most proteins subject to proteolysis.
Question:
What is pH optimum (pH at which PPT has maximum activity)?
Response:
PPT has a very broad pH optimum (with protein substrates around pH=7, with artificial substrates pH=4).  This may have implications for giving recombinant PPT in enzyme replacement, as we would not want unregulated PPT activity where it is not wanted.

Question:
If overexpressing PPT will there be problems?  
Response:
Does not seem to be any at this point in the lab.  However, if overexpressed at high levels do see labeling problems, which has led to artifacts.

Sugars on recombinant PPT have to have correct phosphorylation.  Purely glycosylated and purely phosphorylated see very different levels of correction and don't get complete correction with either one (in mouse studies to date) clinical response is not as good as with old study (which is a "mixed bag").  Llysosomal enzyme may be targeted this way.  If they are let loose they could reap a lot of havoc.  We require a very specific routing system where not exposed to protease.  So far have not found PPT activation mechanism, which may be advantage or disadvantage (CLN2 targeting may be important in determining where and how it gets activated).

We do get enzyme into brain but only neonatally (before the BBB closes).  There are still questions as to whether enzymes will get into and migrate through brain tissue.

Question:
Is there a fly (drosophila) homologue?
Response:
Yes

CLN2 Research Update

Peter Lobel presented an overview of CLN2.  The main topics that were discussed were:  CLN2 background, the biochemistry and molecular genetics of CLN2, mouse model development, and potential therapeutic approaches.  After the discussion a questions and responses period was held.  A summary of the specific detailed commentary follows under the appropriate heading.

CLN2 Background

NCLs are part of a group of more than 40 lysosomal storage disorders in which a deficiency arises in a soluble lysosomal enzyme.  Lysosomes are membrane bound intracellular compartments whose contents are at low pH.  Lysosomes contain many enzymes of various types that are targeted to the lysosome via the mannose-6-phosphate/ mannose-6-phosphate receptor pathway.  When talking about enzyme delivery we need to somehow get lysosomal enzymes into the lysosome where they are required.  The enzyme is phosphorylated and is capable of cross correction.

CLN2 is the gene mutated in LINCL.  The age of onset is 2-4 yrs, age of death 8-15 yrs.  Symptoms include seizures, blindness, and progressive retardation.  Autofluorescent material accumulates in lysosomes (subunit c of mitochondrial ATP synthetase) of neurons and other cell types.  Examination of CNS reveals massive neuronal death. 

Biochemistry and Molecular Genetics of CLN2

The CLN2 protein was identified by examining 2D gels of proteins radiolabeled at mannose-6-phosphate residues.  Comparing patterns of normal vs. LINCL patterns revealed a missing protein in LINCL.  This protein was cloned and sequenced and identified as CLN2 a novel pepstatin insensitive protease (aka pepinase).  CLN2 is synthesised is a precursor form that undergoes autocatalytic activity in the lysosome to yield its mature form.

LINCL is associated with 25 different mutations.  The two most prevalent mutations each result in approximately 1/3 of cases with no clear genotype/phenotype correlation.  However an atypical protracted onset form of LINCL has been identified (bears a Arg447His mutation in exon 11) in which individuals survive into their 20’s and show some low residual CLN2 activity.  As such, it is suggested that supplying even low levels of enzyme activity may delay the progression of the disease.

The CLN2 protein has some sequence similarity to bacterial peptidases.  As such it was possible to develop an initial assay for measuring the action of the CLN2 gene product by monitoring degradation of a labelled hemoglobin substrate.  Subsequently, CLN2 was found to be tripeptidyl peptidase 1 (TPP1) for which a simpler more reliable assay exists (Wharburton).

This assay was used to demonstrate the pH dependence of CLN2 protease (in the ph 3-4 range).  The precursor form of CLN2 is enzymatically inactive and is only activated in the low pH of the lysosome.  One point to bear in mind is that these assays only directly measure substrate cleavage and not CLN2 function itself.

Mouse Model Development

Peter’s group is developing a CLN2 mouse model taking a targeted approach.  Peter believes that a targeted approach will produce a more accurate model for testing.  The reason for this approach is the concern that a gross disruption of the CLN2 gene may have complicating positional effects on adjacent or overlapping genes.

This model will be a very powerful tool to test potential therapies; at present he has two appropriately targeted clones.  It turns out that the CLN2 locus is in a very gene rich region of chromosome 11.  There are two other genes that are in very close proximity and it looks like transcripts from these genes may overlap CLN2 (and also even the intervening sequences are highly conserved between human and mouse, making things even harder).  Therefore he and David Sleat are doing the knockout in a targeted manner with three different constructs to make three different mice.  Constructs are targeted to Arg447 to introduce either a no change, or change to Histidine (as in later onset LINCL) or a change to a stop codon (produce a truncated, inactive CLN2).  This is a painfully slow process making three mice rather than one, but hoped that this will be a reasonable system to use as a basis for future experiments rather than proceeding directly with ‘simple’ knockout mice that may problematic.  It may be advisable to screen targeted ES cells for CLN2 activity before proceeding to make mice from them.

Potential Therapeutic Approaches for LINCL

· Bone marrow transplantation

· Gene therapy

· Enzyme replacement.

· Small molecule therapy

Bone Marrow Transplant

The verdict is still out on whether Bone Marrow Transplantation would be therapeutic for CLN2.  At the present date only 3 patients are to be known to have attempted this therapy.  No positive effects have been chronicled from these tests.  It is hypothesized that these patients where to far progressed to achieve a positive effect and to have a positive effect a patient would need to be pre-symptomatic or newly diagnosed. 

Gene Therapy 

Gene therapy shows a tremendous amount of promise.  In Peter’s opinion there are still many questions to be answered about gene transfer.  The basic principles of gene therapy for CLN2 should be effective given what is known today.  Gene transfer has the greatest therapeutic potential once the answers to questions of expression duration, spread, vehicle, administration, toxicity, and efficacy become better known.

Small Molecule Therapy

Therapy with small molecules is an attractive option since these molecules have better pharmacokinetics than larger molecules (i.e. will diffuse into the CNS more easily).

One candidate class of such molecules that shows hope includes compounds that interfere with protein synthesis, such as Gentamycin.  This may be of interest because one third of LINCL mutations introduce a STOP codon (signal) that results in a prematurely truncated CLN2 molecule (35/115 CLN2 alleles in LINCL contain nonsense mutations).  A drug such as gentamycin which is targeted to the ribosome (site of protein manufacture) may interfere with protein translation and cause the ribosome to read through the STOP codon producing a full-length protein.

Peter has been able to perform experiments that have shown an approximate 5% in enzyme level increase.  This is promising data given that the hypothesized necessary enzyme level threshold is believed to be around 10% and that any amount of enzyme has demonstrated a slowing of the progression of the disease.  Gentamycin tests have specifically shown it has been possible to achieve partial restoration of CLN2 function in fibroblasts from LINCL patients bearing Arg208X/Arg127X mutation by adding increasing amounts of Gentamycin.  However, gentamycin is an extremely toxic compound, even at very low concentrations and the amount of activity restored is very low.  One possibility will be to look for other less toxic compounds that have a similar effect.  At this stage, it is unsure whether gentamycin will be beneficial.

Enzyme Therapy

Given that CLN2 is an enzyme deficient disorder, enzyme replacement is conceptually the leading therapeutic approach.  Enzyme replacement therapy has proven to be successful in some other storage disorders, such as Gauchers.  Much of Peter’s therapeutic efforts in regards to CLN2 are focussed on this approach.  Peter has been characterizing the biochemistry of CLN2 with the aim of knowing more of its properties when the time comes to attempt CLN2 enzyme replacement therapy.  Transfected CHO cells will secrete CLN2 into cell culture medium.  Anion exchange of such CHO cell conditioned medium reveals that only major protein is being made and that a considerable amount of purification can be achieved in one step (although this protein is still not pure enough for pharmaceutical or clinical use 17mg of protein can be produced from 1 litre medium).

The recombinant human CLN2 precursor protein is a monomer and is mannose 6 phosphorylated which is easier to take off in vitro than it is to put it on.  This recombinant CLN2 protein spontaneously autoactiviates at acidic pH converting from the 67Kd proform to the 45Kd mature form.  In this sense the molecule is ‘well behaved’ in that it will only be active where you want it to be (in the lysosome) and less likely to show undesired proteolytic activity while diffusing through the CNS. 

The strategy for making recombinant CLN2 protein for enzyme replacement therapy has been to make the proform of CLN2 (CLN2p) from stably transfected CHO cells (selected via 2 different selection markers, transfected with full length CLN2).  This proenzyme is inactive but stable at neutral pH and is auto-activated at acidic pH.  Recombinant CLN2p is taken up from culture medium by LINCL fibroblasts via mannose-6-phosphate receptors and results in restored enzyme levels after one day in vitro.  This level of activity seems to be stable.  One relevant question is whether it is only the proform that is secreted by the over expressing cells and that the active form is not, even when the pH of the medium is lowered.  Another is whether this level of enzyme activity will reverse protein accumulation in LINCL cells (this is currently being addressed). 

It looks like the enzyme is fairly stable (at one week 70% of activity remains).  Therefore if this protein can get into the cell it might stay around for a while, which is good news therapeutically.

Immunofluorescence staining reveals that the recombinant CLN2p appears to be targeted appropriately to the lysosomes of LINCL fibroblasts.  Adding excess mannose-6-phosphate can block this uptake (i.e. is via the mannose-6-phosphate receptor).  Therefore, although there are still hurdles to overcome, but if you can make sufficient purified protein AND if you have the right delivery system AND lots of things go right you could develop an effective strategy for enzyme replacement with CLN2.

Questions and Responses

Question:
Are there different results to gentamycin for the three different nonsense mutations?
Response:
We had informative results on two of them.  Most of the data is similar between each of them.  Had one patient homozygous for gult66 stop mutation was totally unresponsive to gentamycin.  Two with the targ208 mutation, each of those had about less than 1% activity, but if look at shape of curve it has the same shape.  Looked at 1 patient with an arg127 and results were uninformative.  Preliminary results in a subset of fibroblast showed some positive effect, but remember it is at the knife’s edge of toxicity.

Question:
If giving enzyme as therapy it is important whether the activation of CLN2 is truly autocatalytic or relies on one molecule acting as a peptidase on another molecule as a substrate?

Response:
It looks like unimolecular event (which is better for therapy).  What we are trying to do is really good careful enzymology which is ongoing.

Question:
Are other knockout mice in preparation?

Response:
Yes, Martin Katz is also developing a model.  Martin’s model maybe 8-12 weeks away from having homozygous mice.  However it may not be as accurate a model as the model Peter will eventually develop.

Question:
What is the patent position on the two genes?

Response:
Peter’s University has filed for Intellectual Property upon initial cloning of the gene for CLN2.  The gene for CLN1 has not been patented.  The PPT1 sequence that Peltonnen’s group in Finland worked on may have patented, but not sure of actual status of CLN1.
Question:
In regards to enzyme therapy, would there be immunologic problems?

Response:
While theoretically a problem could occur.  It has not been problematic in practice.  40% of alleles are a missense, therefore about half patients presumably have undetectable levels of protein.   At this time it is not believed that there would be huge immunologic problems.  In gene therapy, lysosmes suggest do produce antibody reactions, but still get therapeutic results.  Roscoe Brady has performed CNS injections in rats and the results have been promising.

Gene Therapy Research – Mark Sands

Mark Sands, Washington University and Beverly Davidson, Iowa University presented data on gene therapy research in relation to CLN1/CLN2.  Dr. Sands presented his information and Dr. Davidson followed.

Mark Sands, Washington University – Gene Therapy Research

Mark Sands presented information regarding gene therapy using the Adeno-Associated Virus (AAV) as a transfer vehicle.  Mark has successfully treated MPS VII in mice models using AAV and therefore treating CLN1/CLN2 should have the same therapeutic results.  There is a high correlation between the treatment of MPS VII and CLN1/CLN2.  Using gene therapy to treat CLN1/CLN2 will prove to be a beneficial therapy.  Mark’s lab has developed CLN1 and CLN2 plasmids and is using them to confirm his hypothesis as a treatment.  The data that has been generated has shown a tremendous amount of promise.  The necessary data for the preparation of a clinical trial is now being gathered and organized.

The information that Mark presented was:  How MPS VII relates to CLN1/CLN2, LSD therapeutic strategies and therapeutic results.  After the discussion a questions and responses period was held.  A summary of the specific detailed commentary follows under the appropriate heading.
How MPS VII relates to CLN1/CLN2

For the last 10 years Mark has been using mice that model MPSVII (or Sly syndrome), another lysosomal storage disorder that has effects throughout the whole body.  These mice may be used as tools for devising therapeutic strategies in all lysosomal storage disorders, strategies that may be global or targeted to particular cellular populations.  The MPSVII mice show many features in common with MPSVII children including:  ubiquitous intralysosomal build-up of storage material affecting virtually every organ system, mental retardation, corneal clouding, retinal degeneration, hearing defects, cardiac valve defects, hepatosplenomagaly, skeletal dysplasia and shortened life span.  Using a lymphocyte proliferation assay, it was recently found that the MPSVII mouse has profound immune defect that takes the form of an antigen-processing defect.

Characteristic hallmark of lysosomal storage seen comparing liver in normal vs. MPS VII mouse, looking at any tissue, (human or mouse with disease) reveals the same phenotype and cellular morphology 

Mark has been developing physiologic assays to assess function in the MPSVII mice.  He has been performing electroretinography in mice.  The ERG is relatively normal early on, and then declines rapidly.  Auditory-evoked brain stem response a measure of how well these animals hear reveals a profound hearing deficit.  MPS VII mice also have defects in spatial learning and memory as revealed by impaired performance in the Morris water maze.

LSD Therapeutic Strategies

As described before, the principal of cross correction underlies therapeutic efforts in lysosomal storage disorders.  It is possible to provide enzyme deficient cells with a new supply of lysosomal enzyme that can be taken up by a receptor mediated event at the cell surface and targeted to the lysosome to restore function.  An important point is that only relatively small amounts of lysosomal enzyme are sufficient to correct the enzymatic defect. 

Therapeutic strategies:

· Direct method providing glycosylated enzyme

· Cell mediated methods including

· Bone marrow transplantation

· Gene therapy either ex-vivo or in-vivo given systemically or targeted to particular tissues.

Enzyme Replacement Therapy

If enzyme is given systemically mice show dramatic improvements.  However this does not work in CNS once the blood brain barrier has been established.  ERT has many unanswered questions that need to be addressed.  This therapy in principle has a lot of potential but the practical administration creates issues that will be difficult to address (BBB, repeat injection, expensive…). 

Bone Marrow Transplantation

Good systemic responses can be obtained with improved functions (e.g. retinal), but unfortunately storage in the CNS is not reduced.  

AAV-mediated gene transfer

Recombinant AAV vectors have the advantages that they will infect non-dividing cells.  These viruses are stable and non-pathogenic and contain no viral promoter or coding sequences.  AAVs have the disadvantages that only small insert sizes (<5kb) can be used and that these viruses are difficult to produce (although it is now possible to make large amounts of clinical grade to treat patients), but is large enough for CLN1/CLN2.

Mark has constructed (-Glucuronidase AAV that is powerfully expressed in many cell types (Contains CMV enhancer, (-Actin promoter and multiple polyadenylation sequences).

Intramuscular injections of AAV produced 50-100X expression of (-Glucuronidase.  Discovered that some of the virus actually leaked out of the muscle and cross-corrected storage in the liver.  Intravenous injections to newborn mice gave relatively high levels of (-Glucuronidase in the therapeutic range (1-100%).  Levels of expression plateau and remain stable for approximately 4 weeks in many tissues.  This level of expression corrects storage in widespread regions.  Not all cells are transduced in any given tissue, but those transduced cells are very highly positive for (-Glucuronidase.  In the CNS only infrequent positive cells are seen, but this level of transduction was capable of widespread elimination of lysosomal storage.  This type of intravenous AAV injection not only corrected storage, but produced dramatic improvement in longevity, increased body mass and positive effects on visual and auditory function (the latter is not completely restored, possibly due to skeletal defects in the ear). 

Direct AAV injection into the neonatal CNS has also been performed.  Bilateral injections of AAV into the anterior cortex and hippocampus resulted in locally high concentrations of (-Glucuronidase that declined with increased distance from the site of injection.  Histochemical staining for (-Glucuronidase revealed a similar distribution, with activity present in both neurons and glia.  These levels of enzyme expression resulted in almost global reduction in storage material in the CNS, even after only a single injection.  The major exception was in the cerebellum where Purkinje neurons seemed particularly refractory to therapy.

The substrates that accumulate in MPSVII are predominantly aminoglycogens.  However, other substrates such as gangliosides GM2 or GM3 also accumulate.  AAV treatment also reduces immunohistochemical staining for GM2 or GM3, suggesting that this therapy is also capable of improving overall lysosomal function.

Recent results suggest that (-Glucuronidase AAV not only clears storage, but also improves cognitive function in the MPS VII mouse demonstrating improvements in the probe, relearning, and relocation phases of the Morris Water Maze. 

Although data in the MPSVII looks very good, Mark sounded a cautionary note.  It is not clear that the same strategy will not work in humans.  In a recently completed study in the Twitcher Mouse (that models a galactocerebrocidase) direct intra cranial, intravenous and intracranial injection of AAV resulted in gene transfer and expression, but very little positive affect on correcting storage (only thing 30 days life span increased to 43 days).  We do know that the Twitcher mouse is difficult to treat.  Maybe the Twitcher and MPS VII mice sit at opposite ends of a therapeutic spectrum?  

Questions and Responses

Question:
Your results are for treating animals at birth - what about treating later in the lifespan?

Response:
Data is out there suggesting that if you initiate therapy in adult mice you can increase lifespan to nearly normal with bone marrow transplant and enzyme replacement with positive effects on clearing storage in visceral organs.  However, no positive effects are seen in the brain from BMT.

Question:
Data does exist if you take AAV into adult affected well-established disease that lysosomal storage completely goes away.  The question is do you get cognitive improvement?

Response:
The window of therapeutic opportunity is very difficult to establish and to date is not known.

Question:
If you can catch someone early,  what is best you can do?  
Response:
Results indicate that as a proof of principal providing therapy early enough can profoundly affect disease progression.  In MPS VII, if we can eliminate accumulation of storage early and subsequently stop every kind of therapy, the disease never comes back to the full-blown state.  However, I do not believe this will be true for the NCLs
Question:
Would the high levels of expression at the injection site be toxic?

Response:
Doesn’t appear to be given our testing.

Question:
Where in the brain did you inject AAV?  

Response:
Two injections in each area (anterior cortex and hippocampus)

Question:
After injection to the human brain would it get as far?

Response:
Not clear as yet.  Indeed, there are many questions unanswered about where to target or when.  In oncology, chronic pressure injections will transport several centimetres.  Some look at it as a function of retrograde transport.

Question:
What dose did you use?

Response:
We used 0.5 (l=1.5x105 infectious units to each site bilaterally.

Question:
What is the effect of AAV therapy in utero?

Response:
If directly injected into liver see distribution of activity similar to injection into newborn.  This result is from only one animal at the moment, but we have plans to look at many more.

Question:
How does the published work on MPS VII relate to a cure?

Response:
Depends on what you define as cure.  We can get system-wide improvement in eliminating storage, but we have no conclusion regarding effects on cognitive ability.

Question:
What are you doing for CLN 1 and CLN2?

Response:
My laboratory has developed good virus for CLN1 that is being tested in vitro now.  In cultured cells the AAV results in reasonably good expression.  Over the next week or two will use our CLN2 plasmid to make recombinant CLN2.  Leena Peltonen will give Mark her CLN1 mouse (paperwork being completed) and he will be starting to do some work on NCL models.

Beverly Davidson, Iowa University - Gene Therapy Research
Beverly Davidson presented gene transfer data from her laboratory.  Beverly’s lab has been extensively involved in lysosomal storage disorders and has performed a tremendous amount of gene transfer research.  She has developed CLN2 vectors and has been performing animal injections for several months.  The research that she presented includes CNS damage reversal using lentivirus in MPS VII and AAV2 vs AAV5 expression.  After the discussion a questions and responses period was held.  A summary of the specific detailed commentary follows under the appropriate heading.

CNS Damage Reversal Using Lentivirus in MPS VII

Bev constructed a (-Glucuronidase expressing lentivirus (derived from FIV- the feline immunodeficiency virus) to treat MPSVII mice (as described by Mark Sands).  This virus (2(l of 1x108 infectious units) was injected into the striatum of 8 week-old mutant mice, who were examined 3 weeks later.  Histochemical stains revealed a very high level of enzyme expression, with the majority of cells transduced being neurons (similar to Mark’s AAV).

One such injection can correct storage in the contralateral cortex (also similar to what others have shown), suggesting that the (-Glucuronidase expressed by the lentivirus has the ability to get all over the place.  In situ hybridisation reveals that the virus remains at the injection site, and suggests that the correction seen at distant CNS sites is the result of enzyme diffusion.

These results addresses the question of can you reverse a structural defect that is already a problem.  The next question to answer is whether it is possible to reverse existing functional/cognitive defects.  These defects were first characterized in the Rapid Acquisition Performance Chamber (RAPC) assay, a behavioural test that does not rely on visual cues.  This test measures how many mistakes an animal makes going through a maze to reach a reward.  At 8 weeks of age homozygous MPSVII mice can learn this task with difficulty, and make more mistakes than heterozygous or control mice.  These mice were then treated with (-Glucuronidase expressing lentivirus or control virus and tested again 5 weeks later.  Homozygous MPSVII mice were more able to learn the task and made fewer errors than mutants that received control virus.  These (-Glucuronidase treated mutant mice also eat better, and live longer than mutants that received control virus.

This data displays that gene transfer treatment can correct existing neurological deficits, at a stage where these deficits exist, but when little neuronal loss has occurred.

AAV2 vs AAV5

If we think of the problems of delivery in bigger brains we need to consider convection-based methods of delivery or using other viruses.  The lentiviral results were interesting in that virus stayed at the injection site.  Decided to evaluate some other viruses between 3 and 15 weeks after striatal injection and have demonstrated that AAV4 and AAV5 behave differently to AAV2.  AAV4 only transduces the eppendyma (cells that line the cerebral ventricles), which may have important implications for intraventricular delivery of proteins.  AAV5 was striking in terms of widespread distribution throughout the CNS (albeit with nothing in the cerebellum).  Comparing AAV2 to AAV5 in terms of the transduction of AAV2 vs. transduction of AAV5 reveals the remarkable ability of AAV5 to spread within the CNS.  It appears that AAV5 mostly transduces neurons, with positive glia only rarely seen.  Certainly in the middle of the brain any cell that was positive was neuronal.  AAV5 displayed a five to ten times greater spread than AAV2.  AAV5 vectors have a remarkable ability to distribute itself from a single injection site.  
Bev also described preliminary studies of lentiviruses expressing CLN2 and revealed that in the course of these studies she generated a good antibody to detect this protein.  Infecting or transfecting fibroblasts from LINCL patients results in immunohistochemically detectable levels of CLN2.  A lot of enzyme activity can be produced from a single injection.  These results suggest that switching from AAVs to lentiviruses may be advisable as these viruses produce detectable expression at as low as one virus per cell.  As such these viruses may prove far less because much lower doses of virus may be required.  With this particular paradigm the antibody can be used to determine spread of CLN2 and look at how far this enzyme will go within the CNS in vivo (i.e. to look at ability of protein to move).  It will be important to send samples to Peter Lobel to demonstrate that the virus is making active amounts of this enzyme.

In regards to toxicity and safety of these viruses, Bev’s colleague is looking at series of murine studies with AAV5 in her lab within context of an animal model.

Even while waiting for mouse models, Questions of biodistribution can be asked in dogs or primates.  Preliminary data suggests AAV5 and lentivirus will work very well in human tissue.

FDA Update

Cynthia Rask with the FDA outlined the procedural review process and gave guidance regarding organizing a clinical trial.  The two key points presented were:  to get the FDA involved in the process and planning as early and as often as possible, and to develop an approach and let the FDA advise from there.  There is no exact format to follow, each protocol is unique and is treated accordingly.  Cynthia gave specific examples and experiences to outline the process.  Many questions were asked and addressed from her discussion.  A summary of the specific detailed commentary follows. 

Cynthia referred to Project ALS as a model to follow when preparing for an IND submission.  Project ALS met with FDA often to present their plans for proceeding with pre-clinical studies and products so that therefore they could get input in advance of the Pre-IND meeting.  Rather than proceeding with experiments and find out they are not acceptable, not necessary, or insufficient, it is useful to get feedback early on.  Several groups have approached FDA in that way.  The most effective way is have a pre-IND meeting as quickly as possible.  Improvements have also been made in length of time taken to provide review.  When an IND is submitted now there is a 30 day time frame.  The sponsor must be given answer within 30 days of receipt, or else they can legally proceed and go into clinic unless they hear otherwise.

Orphan drug, fast track, and office of rare diseases initiatives have all impacted the time of review.  If you are able to get a commitment to a deadline you are in general much better off.  Recent press coverage surrounding gene therapy has contributed to that,  therefore: plan ahead of time, even before formal pre-IND meeting and then formally request pre-IND meeting.

Submit pre-IND package containing pre-clinical data to date, product information and characterization and overall development plans.  Get feedback on this information and incorporate comments.  Over the past year and a half, her experience has shown (this comprises between 50 and 60 IND reviews) that the applications that have pre-IND meetings usually go forward more easily.

Questions and Responses

Question:
Is there a difference between applications from big and small biotech firms?
Response:
Regulations are the same for each.  Regulation guidelines do exist.  These make communication easier and can have affect on the duration of time it takes to resolve issues.  Once again it is extremely important to know these regulations in preparing your package.
Question:
Are reporting requirements/procedures listed for protocols?

Response:
Yes, requirements are listed for illustrating these responsibilities.  Pages are standard from one protocol to the next.

Question:
Do we know which data we need to gather to go forward?

Response:
There is a team of reviewers assigned to each IND as it is submitted.  Different types of reviewers are assigned but typically, a clinical reviewer, pharmtox reviewer and product reviewer are involved.  In biology pharmacokinetics does not play as large a role and these applications therefore usually not one assigned one these reviewers (Centre for Drugs and Centre for Biologics).  INDs get assigned to each of these centres accordingly.  The amount of detail they want to see normally requires listings on a separate line for each animal (every stain you’ve done etc.).  This is much more detailed than in a manuscript.  You must list every piece of tissue looked at and what the results were.  This is essentially for all the data that was looked at.

Question:
Why is all this type of data needed?

Response:
The goal of FDA is to protect the public health.  Therefore we need to have the data ourselves and to interpret it ourselves.

Question:
What influence does FDA have over consent process and consent forms?

Response:
FDA does not have regulatory authorization over consent forms - IRB’s are the ones that do.  The FDA has responsibility to ensure that IRB is properly constituted.  Starting in March, the FDA has new monitoring plan requirements for gene therapy trials.

Question:
In relation to CLN1 and CLN2 could we be considered as fast tracking IND?

Response:
Yes, you can request a fast tracking review.  There is no reason why we would be denied in a request that can be done at anytime up to phase III.

Question:
What body of toxic data is needed? - How should it be approached?

Response:
The purpose is to induce toxicity and then back down to determine efficacy.  In some gene therapy approaches this strategy is limited by amount of AAV that you able to deliver.  You can only do the best as you can.  Despite variability between diseased individuals it is not reasonable to ask for a 500-person study.  Therefore it would not be reasonable for a sponsor to be asked to do this.  Given the NCLs it would not be imagined that much data would be needed.  Everything is evaluated case by case. 

Question:
The premise is that once we get clinical grade vector it should be tested on mice and then primates.  Should this be enough?

Response:
Can’t tell for sure if primates will be necessary, as they are generally.  This would be the type of information you should get from pharmtox people in advance of any studies.  Could save time and money to have this question answered before proceeding.

Question:
How do we open those lines of questions?

Response:
Reasonable to call these people and ask (i.e., Ann Pelaro) as they did for Project ALS.  They requested a meeting with a group of people and then they submitted their proposal after the meeting.

Question:
What about enzyme replacement?

Response:
Unsure who it would be (usually Mercedes gets these questions).  Try to call her office and ask ((301) 827-5096).

Question:
What toxicology studies were done before Gauchers trial?

Response:
Unsure.  Rodents, some in dogs, and then had discussions with the FDA who wanted 9 or 12 rabbits.  Sometimes FDA can be more lenient – i.e. only certain studies may be sufficient, but you should plan for future studies.

Question:
Who does toxicity testing?

Response:
This is usually done at a contract lab but they are monitored very closely.  This also depends on the sponsor.

Question:
What is appropriate or necessary in terms of biodistribution studies?

Response:
This is a source of extensive discussion between the RAC (recombinant DNA Advisory Committee), public disclosure, and gene therapy working groups.  Recent discussions have occurred about standardization, but debates are still ongoing.  The biodistribution portion of these studies can also get expensive and this will have to be considered.  The route of administration needs to match that in the clinic, the material given needs to match that in the clinic.  You also now get written feedback, in past only verbal feedback was given by the individual reviewers.

Question:
Is it too early to discuss end points at the pre-pre-IND meeting?
Response:
No
Question:
Would gene therapy to the brain be subject to more favourable review (given recent systemic issues)?

Response:
This is difficult to answer.  Keep in mind that if a gene therapy approach is going to be tried a RAC meeting should also be planned.  Remember that the RAC has political authority (not regulatory).

Question:
How do you define a successful trial?

Response:
The goal of a phase I is to present safety data, not efficacy.  Perhaps we should deem it as “gene transfer” study and not a “gene therapy” study.  A trial is successful based on the goals of the trial.  If the objective is to inject vector in to the CNS, then this is a more achievable goal and then the trial would have a greater chance to be deemed successful.  We should keep the expectations of the trial low to ensure we achieve them.  Gene therapy trials must be successful to advance the field.  An unsuccessful trial would be detrimental to the gene therapy field.  We need to set ourselves up to succeed.

Question:
Do you give a virus that is at a sub-therapeutic dose?

Response:
If gene therapy was offered at sub-therapeutic dose that raises a whole series of ethical issues (e.g. would the patient then be able to participate again?  Don’t want to destroy that opportunity).  So in this case, the answer is no.  Everything is should be evaluated on a case-by-case basis and since this is a gene therapy for a fatal CNS disorder you would not give sub-therapeutic doses.

CLN1/CLN2 Business Plan Overview

The CLN1/CLN2 gene therapy business plan was presented.  The information that was presented outlined the overwhelming benefits of pursuing a therapy for CLN1 and CLN2.  After the presentation, questions were asked and addressed from the discussion.  A summary of the specific detailed commentary follows.
Business Plan Overview

The business strategy is to develop a treatment for CLN1 and CLN2 and then apply this knowledge to the other 40 lysosmal storage disorders.  This expertise can then be leverage to other metabolic disorders.  Developing a clinical trial for CLN1 and CLN2 will set the stage for treatments for the other 40 different lysosomal storage disorders.  Having this process secured would enable an entity to potentially achieve impressive financial rewards and scientific notoriety.  By simply analyzing the raw numbers of affected persons with lysosomal storage disorders and potential future cases, it is apparent that there is a substantial market to be developed.  A potential first year market for lysosomal storage disorders of near $242 million just within the major industrialized nations.  The general supply and demand economics will make these treatments financially rewarding to its developer.  Lysosomal storage disorders are just the beginning of the types of diseases that can be treated with gene therapy.  The potential return on developing a process to effectively administer AAV gene therapy is tremendous.  The potential market for industrialized nations using this process as a model to treat other metabolic disorders exceed $2.5 billion.

The financial plan for specifically the AAV CLN1 and CLN2 clinical trial also has promising financial indications.  A profit is forecasted after just two years of developing the treatment.  The initial start-up capitol required to is estimated to be less than $1.3 million.  To obtain the remaining pre-clinical data and protocol development has an estimated cost of $200,000.  These cost include protocol development (60K), pre-clinical data (60K), and primate testing (80K).  The total required research and development cost are less than $1.5 million.  This venture has an impressive $31 million fifth year bottom line based on the industrialized nation birth rate sub-set.  This plan was develop to initially break even, but as the numbers indicate, a profit can be garnered. 

Many of the necessary components are in place to move forward with an AAV gene therapy clinical trial.  From having a fast tracking IND drug application, an available and consenting patient population, years of cross correlating scientific research, a leading scientist, promising financial returns, and the NIH’s and FDA’s guidance, a CLN1 and CLN2 gene therapy trial a promising and opportunistic venture.

In summary of why to target CLN1/CLN2 is:

· Prevalence of LSDs

· CLN1/CLN2 are “low hanging fruit”

· Prognosis of patients

· NIH Involvement

· FDA’s Orphan Drug Act – Fast tracking IND

· Consenting Patient Population

· Leading Scientist

· Promising Financial Returns

· Establish Gene Therapy Model and Info-structure

The reviewed next steps are:

· Establish Clinical Trial Sponsor Partnerships

· Sponsorship

· Trial Administration

· Trial Sites

· Clinicians and Surgeons

· Obtain Clinical Grade Vector

· Gather “Necessary” Pre-Clinical Data

· Develop Trial Protocol and Points of Consideration

· Finalize IND for Submission

Questions and Responses

Question:
How can you calculate the price of the drug?

Response:
How to calculate the price is an interesting question.  The numbers used are most likely low for a one-time treatment.  For example, Gauchers is not a one-time treatment and it cost 150K-200K per year per patient.  Hemophilia A cost 150K per year per patient.  Realistically that gives you idea of where numbers have to be.  It will still need to be determined if you only pay while you get treated, or while it is working over time.  On average a drug has a 10% chance of a drug getting to market, the drug price would need to be worth a company’s time and effort to pursue.  You have to way against long-term cost to society (long term care) of year after year therapy to one time price must be taken into consideration.


The drug price is not the issue in regards to CLN1 and CLN2.  The goal will be to acquire a process model, knowledge, and info structure and apply to other therapies.  Company representatives pointed out that the price of the therapy used in the Business Plan is low, given that it is a on-time therapy.

Question:
Where did the prevalence number come from?

Response:
The prevalence number are based on a calculated average for all NCL forms derived from published numbers from Rider JA, Rider DL. Batten disease: past, present, and future. Am J Med Genet Suppl. 1988;5:21-26.  


Given Genzyme’s experience with developing therapies for rare disorders, the prevalence numbers usually double once a therapy is made available.

Question:
What will the number of patients be in the clinical trial?

Response:
The number of patients will depend on the sponsor.  The business plan used 10 patients, but the sponsor will drive this number.  

One thing that is still needed is clinical input.  What kind of trial will be performed? - What are the clinical endpoints?  Defining the variances in phenotypes?  A panel of clinicians are needed soon.
Question:
Can this trial be performed in other countries?

Response:
Yes, the trial could be performed in other countries.  The trial could be done even sooner in another country with less expense.  Different countries would have different regulatory issues but most likely would not be as stringent as the U.S.

Organization’s Contributions

The attending companies presented information regarding their experience and potential contributions toward a clinical trial for CLN1/CLN2.  The presentations focused on their current research and development efforts and clinical trial experience.  Many of the organizations have specific relevant experience relating to gene therapy clinical trials and AAV.  Information was presented of specific successes and failures to assist us in modeling our trial.  Each presenter had their own outline of information that they presented but the information was typically presented by giving their organizations background and experience, followed by a questions and responses period.  Overall, given the information presented, the representative from these organizations believe a therapy for CLN1/CLN2 can be to a clinical trial between 18 and 36 months.  The organizations and the perspective topics follow:

Genzyme

Greg Stewart of Genzyme presented information about the companies background and strategic direction for the future.  Genzyme has an interest in metabolic disorders of the nervous system.  A goal of the their metabolic disease program is to develop therapies for the treatment of monogenetic diseases of the nervous system with emphasis on neuro-metabolic disorders and particular interest in lysosomal storage diseases involving the central nervous system.  The approach that they take to target disorders is a proof of concept and evaluation of feasibility.  Proof of concept in regards to a LSD relates to the correction of storage pathology following treatment.  The feasibility is directed more toward the ability to treat large species and demonstrate adequate distribution of the therapy throughout the brain.

Disorders that Genzyme is evaluating are:

Gaucher (approved product - Cerezyme)

Hurler (Phase III complete)

Pompe – Phase I

Fabry – Phase III complete

Hunter

Sanfilippo

Batten

Sly

Niemann Pick

Tay Sachs

Metachromatic Leuko:

Canavan

The main issues presented by using gene therapy on these disorders are:  access to the CNS and the blood brain barrier, distribution, and stable and permanent expression of the gene.  Methods to address these issues are being pursued and potential answers for each do exist.

Genzyme is taking a three-therapy approach evaluating the proof of concept for these disorders.  The three therapies are:  enzyme replacement, gene therapy, and stem cell therapy.  Substrate inhibitors are also being evaluated for neurological disorders.

The different stages of progression of the disease require different therapies.

	
	Enzyme Replacement
	Gene
Therapy
	Stem
Cells
	Substrate

Inhibitors

	Presymptomatic
	YES
	YES
	?
	YES

	Symptomatic early
	YES
	YES
	YES
	YES

	Symptomatic late
	NO
	YES
	YES
	NO


In the pre- symptomatic stage, in the order of enzyme therapy, gene therapy, and substrate inhibitors would be most beneficial.  In early stages, in the order of enzyme therapy, gene therapy, stem cell therapy, and substrate inhibitors would be beneficial.  In late stages, in the order of stem cell therapy and gene therapy would be beneficial.  

Achieving clinical equipoise requires a known patient population with defined etiology/biological rationale; availability of the therapeutic protein or gene or cells; data on preclinical efficacy and safety; a predictive diagnosis/clinical course; an onset that is preferably late infantile/juvenile with moderate progression; quantifiable clinical endpoints and surrogate endpoints (e.g., imaging).

The four different areas that need to be considered before treating patients are:

· Intent/ability to treat (predictive diagnosis, treatable patient population, acceptable risk of therapy)

· Window of opportunity (defined onset, rate of progression)

· Design limitations (dose scaling, clinical endpoints, and duration of trial, group size)

· Treatment limitations (no benefit to retina, pleomorphic disease = pleomorphic targets)

As the scientific testing proceeds, the need for good quantitative markers and end points still persist.  Clinical data regarding patient histories and progressions is not currently well documented.  Other more scientifically measurable markers need to be pursued to be used in a clinical trial.  Nuero imaging is another area that needs to have more data gathered for study of the pathology and therapeutic evaluation.

Avigen

Ken Chahine presented background information and current research and development direction of Avigen.  Ken noted Avigen’s GMP production facilities for producing AAV2 and their gene therapy clinical trial experience.

One of  Avigen’s gene therapy clinical trials is for hemophilia.  Avigen is using AAV2 in clinical trials for hemophilia.  This trial is the first AAV trial for hemophilia.  The trial has been viewed as a success.  Some specifics about the trial are:

- Conducted at two centres (children’s hospital in Philadelphia and Stanford)

- Single intra-muscular administration

- Definitive clinical endpoints (FIX levels and FIX usage)

- Combined phase I/II

- Trial twelve to eighteen months in duration

The hemophilia trials future direction is to complete phase I/II, conduct Phase II and III studies at the therapeutic dose and compare results with conventional protein treatment.  Endpoints will be factor levels, product usage, number of bleeds, adverse events, and quality of life assessment.

Avigen has a GMP production facility for AAV.  Their core business revolves around the use and production of AAV.  The new production facility is a state of the art plant with a phenomenal amount of vector production capacity (2500 Roller Bottles/week).  They possess the intellectual property on AAV with 40 US patent applications existing.  US patent No 5,962,312 is defined to cover the use of AAV vectors to treat all lysosomal storage diseases.  Avigen would most likely not stop anyone from pursuing therapies for LSDs, but would want to be involved at some level.

Avigen has the capability to produce AAV for a CLN1/CLN2 clinical trial.  The issue would be how to schedule a run for CLN1/CLN2 into their current production schedule.  By the first of the year (2001), the new facility will be fully operational and the current facility could b available to produce vector for trials like CLN1/CLN2.  Ken stated that Avigen couldn’t produce vector for just anybody, they are held accountable for the product and its uses.

Cell Genesys

Jennifer Davis gave background and future direction for Cell Genesys.  Cell Genesys has a variety of gene delivery technologies, including AAV, adenovirus, lentivirus, and retrovirus.  Some of the disorders that they are working on are: Prostate Cancer, Lung Cancer, Hemophilia, and Parkinson’s disease.  Cell Genesys has a broad and extensive patent portfolio covering each of its technologies, one of the largest in the gene therapy industry.  There are over 75 patent filings for the AAV technology and more than 65 for the lentiviral and retroviral technology.  Cell Genesys does consider vector outlicensing deals in non-competitive areas.

Cell Genesys has demonstrated that AAV can efficiently deliver a wide range of genes to numerous tissues, including the CNS, in a variety of animal studies.  Furthermore, gene expression is therapeutic, long-term, existing for the life of the animal in some studies, and unaccompanied by signs of toxicity or pathology.  In one study using genetically engineered, dopamine deficient mice, a single administration of AAV vectors carrying tyrosine hydroxylase and GTP cyclohydrolase I (enzymes in the dopamine biosynthetic pathway) rescued the lethal phenotype of these mice.  Cell Genesys has invested heavily in AAV vector production technology and is currently scaling up vector production capacity to support clinical trials in hemophilia.   

Similar to their work with AAV, Cell Genesys has shown that lentiviruses can transduce a wide range of tissues in vivo, including the CNS, and they can transduce a wide range of cells in vitro.  They efficiently transduce human hematopoetic stem cells.  They also have a scalable transient transfection process for virus production as well as stable production systems.

Pertaining to CLN1/CLN2, Cell Genesys’s strengths lie in vector production for either AAV2 and / or Cell Genesys lentivecotr (lentikat TM).  They would envision providing vectors through collaborative efforts with other partner(s) who would bring additional contributions to the process.  As an alternative to in-house lentiviral vector production, Cell Genesys has provided the vector system to the National Gene Vector Lab at Indiana University.  Possibly, vector for a phase I trial could be manufactured here.  Cell Genesys needs some key issues addressed before they can more accurately assess their potential role.  These issues are:

-
Pre-clinical data to define the vector, gene expression cassette, dose, route of delivery and safety.  

-
Clinical trial design, particularly the number of patients at each phase and the doses they will receive.

-
Regulatory input from the FDA regarding further pre-clinical studies, including their views on primate studies, toxicity studies, testing and follow-up.

Once they have this information, they will be able to generate a plan for Cell Genesys that includes the time and resources required for this project.  These are the key data points that their management will use in decision-making.

Hospital for Sick Children, Toronto - Berge Minassian

Berge Minassian gave an over-view on TAT mediated therapies.  His interest in treatment comes from his clinical experience.  His hope and expectation is that a viral approach will work, but while the science is being perfected, he hopes to utilize HIV virus’s TAT protein.  He wants to use TAT peptide to go across Blood Brain Barrier.

To demonstrate the ability of TAT-fusion products to cross the BBB a TAT-(-Gal fusion protein was made.  A simple histochemical stain that results in a blue colored reaction product can demonstrate this protein. Within 5 minutes of an injection into blood, the entire brain can be stained blue indicating that the TAT-fusion protein has crossed the BBB throughout the CNS.  Berge will use this approach to make a TAT-cystatin B construct that will be used to treat an existing mouse model of Unverricht-Lundberg.  It is also intended to use the same methodology in the LaFora mouse, which is being generated.

If the protein missing in one of these diseases is cytoplasmic, then hopefully this approach may cure the disease.  This approach possibly could be applied to NCL’s, but it remains to be seen if a TAT-fusion product can be glycosylated properly.  The biggest potential of the method is that it should provide easy and rapid passage through BBB.  Berge is willing to expand this methodology to the NCL’s at later stage.

At this point it has only been put into a bacterial production system.  Further research will be done.  TAT protein needs further research to determine if it will be useful for the NCLs.

University of Minnesota

Chester Whitley discussed the University of Minnesota’s experience in gene therapy clinical trials and lysosomal storage diseases.  They are currently working on MPS VII and Hurlers.  Some of the important facts about the University of Minnesota’s General Clinical Research Center (GCRC) are:

- NIH funded (30 years)

- Administrative core

- Nursing Staff

- Nutrition support

- Data/statistical evaluation

- Genetics (Institute of Human Genetics)

- Cell production (Molecular & Cellular Therapeutics Facility)

- Magnetic resonance (Center for Magnetic Resonance Research)

- Mass spectroscopy laboratory

- Body composition laboratory (DEXA, calorimetry)

- Infant cognition

The mission of the GCRC is to establish and make available resources to conduct high quality clinic studies and to provide latest support systems and tools.  The facilities are deemed to be top notch and contain everything pertinent to performing clinical trials.

From their experience in clinical trials on other disorders, for the NCL disorders it would be easier to evaluate therapeutic benefit of a treatment if administered on a more severely effected patient.  In the past they performed trials on mildly effected patients and it was difficult to clinically review therapeutic benefit.  With the NCL disorders it would be recommended that more severely effected patients be in a trial to more easily determine therapeutic benefits.

Chester also presented data for bone marrow transplantation in lysosomal storage diseases.  The data he presented was promising for certain LSDs if the patient was treated pre-symptomatic.  In respect to the NCLs, the verdict is still unknown, but with the data that was presented earlier (by Peter Lobel) it did not look promising.

Targeted Genetics

Maurey Atkinson gave background to the history of Targeted Genetics.  Questions and responses followed his presentation.  Their parent company was looking at T-cell vectors and spun Targeted Genetics out in 92.  Cystic Fibrosis (Bronchoscope and Aerosol delivery) is one of their current interests, which is in Phase II trials.  Data from rabbits, monkeys, and mice was used to support the IND.  Used the CF program to build fairly strong infrastructure in AAV.

Targeted Genetics has the ability to produce AAV and has a series of non-viral programs (e.g. E1A program – now in Phase II.  Future clinical trials planned are:  Factor VIII, Rheumatoid Arthritis, HIV Vaccine program (primarily for developing countries).

They are attending this conference to find out more of the direction of the NCLs and the potential therapies.  The NCLs present a unique opportunity to use AAV for CNS disorders.

Question:
What stage is Factor VII in?

Response:
Animals.

Question:
For your HIV study, what kinds of arrangements have you had?
Response:
We have many partnerships interested in funding more difficult parts of the project (they are also interested in being drug supplier).  Their partners perform development and marketing etc.  (I.e. they are the supplier).

Question:
Could you advise us of some of your relationships whom could assist us in our efforts?

Response:
We have a clinical department that monitors and oversees clinical trials.  The NCLRA can talk to Targeted Genetics about IND development since we have expertise on how to stay on timelines and not be on hold (i.e. good product relationship with FDA).  Our pre-clinical and clinical studies are complicated.  We work with some contract companies “Bioreliance“ and ”Molecular Medicine”, but are not making AAV currently.

Question:
If vector is made at one facility and another does clinical trial, could be problematic?

Response:
We would keep in mind these issues if working with contract companies.  The process is extremely important.  Our contract companies don’t have ability to make AAV at this stage.  IP may also be problematic.

Question:
How many CF patients are in your trial?

Response:
We have treated about 50 patients in the 95-96 timeframe and those patients are fine.  The most significant safety risk is bronchoscopy, this is probably more of risk than procedure itself (therefore 70 days is the longest gone out).  There can be disagreements on the end points. If a company gets an FDA response that they ignore, they are then are surprised when data comes in and answer is still no.
Question:
Leaving the financial aspect aside, in your opinion as a company - what would you do from here regarding the NCLs?
Response:
Personally would want to see significant animal model data (regarding efficacy) and well thought out toxicology data that the FDA has looked at.  Guessing from doses we are talking about we will not need a lot of virus to proceed and we can take clinical material for longer-term toxicology studies.
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