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Project Objectives  

 

 

 

 

 

 

A safe, plentiful, source of GM1 ganglioside for therapeutic use for clinical trials in Huntington’s disease (a fatal 

progressive genetic neurologic disease) is needed.   Prior development in the field was based on GM1 production from 

bovine brain collected at slaughter plants throughout Europe.  In the 90’s Phase II clinical trials were in progress for 

spinal cord injury and Parkinson’s disease when Mad Cow disease (BSE) was diagnosed in cattle in England.  With the 

discovery of BSE, raw material from non-source verified animals of any species could not be reliably used for 

ganglioside production for pharmaceutical use.  GM1 ganglioside cannot be practically synthesized.  Glycoscience 

Research Inc. has developed a unique genetic line of sheep that have been deemed an acceptable raw material source 

for GM1 ganglioside production for pharmaceutical use in a recent pre-Investigation New Drug review by the FDA. 

While these sheep represent the only avenue for GM1 ganglioside production, the Pharmaceutical industry, venture 

capitalists and many in the National Institutes of Health are skeptical of the Sheep Industries ability to meet a demand 

for GM1 ganglioside.  Therefore, the GM1 project has been unable to obtain the needed capital to complete the work 

required for an IND application.  

 

 

     

 

10-16-15 Glycoscience Research Inc.  

46-0448927 

Glycoscience Research Inc. 

47387 201st ST 

White SD 
57272 

United States 1st 

Development of ovine GM1 ganglioside for Huntington’s disease 

Susan Holler, MS 605-695-9478 sueholler@glycoscienceresearch.com 

Objective 1:  Optimization of ovine raw material for GM1 production 

Objective 2: Pre-clinical studies in transgenic HD mice 



Description of efforts – Anticipated results 

 

 

 

 

 

 

 

  Amount requested from NSIIC                                                   

  Applicant Matching Funds                                                        

  Local/State/Federal Funds previously awarded for project  

      TOTAL                                         

Type of Expenditure 

Personnel – list each    Relationship to Project     Number of Hours     Rate of Compensation     Total 

Steven Hersch PI   8% effort (0.96 
calendar months) 

183,300+ 36% fringe 
benefits 

19,943 

Vanita Chopra Co-investigator 25% effort (3.00 
calendar months) 

88,000+ 36% fringe 
benefits 

29,920 

Nazifa Abdul Rauf Research Technician 60% effort (7.20 
calendar months) 

40,000+ 37% fringe 
benefits 

38,360 

   Total 88,223 

Equipment                     Purpose                                Cost   Request 

LN cyrogrinder 
 

Process sheep tissue 21,000 10,000 10,000 

     

     

Animals/Care                            Costs                                

 Mouse Purchase- $ 950   950 

 Cage  and breeding charges 
for PD study= 5,354 

  5,354 

Efforts to bring ovine GM1 ganglioside to clinical trials is a collaborative effort with Dr. Steve Hersch, Mass. General 

Hospital, coordinating pre-clinical studies and clinical trial design, and Avanti Polar Lipids, Alabaster Alabama, 

coordinating GM1 manufacturing.  Glycoscience Research Inc. is charged with expansion of a network of sheep 

producers to produce GM1 lambs to meet this pharmaceutical need.  Objective 1 will include GM1 analysis of 

individual tissues to determine which tissues will be included in the final raw material.  Also included in this objective is 

finalizing the cryo-grinding process that will be used in producing the final raw material.  The second objective, based 

on recent responses from the FDA and NIH, focuses on collecting more preclinical data in order to be able to bridge the 

previously utilized bovine source of GM1 and the new ovine source.  Although GM1 is a naturally occurring molecule in 

all mammals, FDA requires additional rodent experiments to bridge data from the bovine and ovine source.  Previous 

experiments have shown that GM1 is able to reduce the toxic mutant Htt protein in transgenic mice by up to 50% 

when administered by intraperitoneal, subcutaneous and intranasal routes.  

 100,000 

50,000 

 

150,000 



 Cage and breeding charges 
for efficacy study= $16350  

  19350 

Other Related Expense 

Supplies for mouse 
genotyping 

$4500   4500 

Supplies for 
Neuropathology and 
biochemical studies 

$14,123   14,123 

 

Overhead  Rate          Amount 

Indirect Cost  7.5%   10,500 

     

 

 

Provide a qualitative summary, or justification for budget expenditures: (200 words or less) 

 

 

 

 

Technical Objectives 

 

 

 

 

 

 

 

 

 

 

Dr. Hersch is a Professor of Neurology at MGH and Harvard Medical School (HMS) l; Director of the Laboratory of 

Neuro-degeneration and Neurotherapeutics; and Director of the New England Huntington's disease Center of 

Excellence. As PI, Dr. Hersch will oversee all aspects of this project. 

Dr. Chopra is an Instructor in Neurology at MGH/HMS. She has extensive expertise in performing preclinical studies in 

HD mouse models. She will be responsible for planning, designing and overseeing the conduct of all the mouse studies 

and performing the needed biochemical and neuropathological analysis.  

Nazifa Abdul Rauf, will be involved in maintaining colonies in the animal house, dosing animals, performing behavioral 

tests and perfusing mice for neuropathological studies, brain sectioning and staining and performing 

immunohistochemistry. 

Supplies for Mouse Genotyping: This includes cost for DNA extraction kits, Taq PCR core Kits, reagents and supplies for 

PCR and gel electrophoresis. 

Supplies for neuropathology and biochemical studies: Funds are requested for purchasing primary and secondary 

antibodies for immunohistochemistry and western blot analysis, necessary reagents for TR-HTRF assay and other 

plastic ware and glass ware. 

Animal Purchase: $950 

Animal breeding and housing charges for PD studies: $5354 

Animal housing and breeding charges complete efficacy study (behavioral, neuropathological, survival, and 

biochemical studies) = 16,350 

 



Technical Objectives 

Responsiveness to NSIIC Stated Priorities (from web site) 

 

Prior USDA or other Federal Support 

 

 

 

Prior USDA of other Federal Support 

 

 

 

 

 

Identification and significance of the issue being addressed 

                                                                                                                                                                

 

 

 

 

 

What are the goals to be achieved with this grant funding? 

                                                                                                                                                                

 

 

 

 

 

 

Pre-clinical studies with Ovine GM1 ganglioside in HD animal models. 

Additional preclinical studies with ovine GM1 are required for successful completion of an Investigational new 
drug application to the FDA and subsequent initiation of human clinical trials.  The long history and proven safety 
of GM1 over the last 3 decades greatly increases the likelihood of success of GM1.  This grant funding will allow 
critical data to be collected that will link ovine GM1 to previous data with the bovine product, and allow 
comparison between two routes of delivery (intranasal vs subcutaneous) in a recognized mouse model of HD.   
This data will be critical in obtaining additional funding from NIH and completing the packet for IND submission to 
the FDA. 
 

 

This new and innovative sheep source product will greatly enhance profitability for sheep producers.  At $500 for 

each affected GM1 gangliosidosis lamb destined for the pharmaceutical market, in addition to the traditional sheep 

products, profit is significantly increased.  Using natural breeding of carrier animals 25% will be affected and a rich 

source of GM1.  Through the use of AI (semen selection), oocyte harvest and IVF as well as ET (embryo splitting) in 

addition to increasing heritance rates through viral mediated gene therapy, the percentage of lambs available for 

pharmaceutical use can be increased.   

 

 

Expansion of the sheep industry through a value added pharmaceutical product.  

It is anticipated that approximately 400,000 total lambs, of which 100, 000 lambs will be destined for GM1 

production, will need to be produced yearly to meet the pharmaceutical demand for GM1 ganglioside for a 

Huntington’s disease population of an estimated 30,000 clinical patients.  If clinical trials demonstrate a clinical 

impact on pre-clinical patients, this number will significantly increase.  It is anticipated that once approved for 

Huntington’s disease use, an expansion to meet the need for Parkinson’s disease would be initiated.  Parkinson’s 

disease affects approximately 1 million patients in the United States.  GM1 ganglioside of bovine origin has been 

shown to alter disease progression in human clinical trials for Parkinson’s disease. 

 

A previous grant application to NIH-NCATS-TRND was rejected.  The program leader commented that the review 

panel was excited about the scientific approach and the preliminary data presented in the proposal.  Unfortunately, 

the committee concluded that the sheep industry was in decline and that we could not produce enough lambs to 

meet the needs of the HD population.  In a subsequent submission to NIH-NINDS, for a Create Award, to complete the 

pre-clinical package for the FDA, the reviewers were critical that we hadn’t completed the preclinical studies.    

Matching funds for this proposal are provided by The Shepherd’s Gift: GM1 for HD, a non-profit organization founded 

by families affected by HD.   



Work Plan – Task, Methodology, Individual responsible, and location where work will be done. 

 

 

 

 

 

 

 

 

 

Related Research or other efforts in this area of which you are aware, including an analysis of the 

competitive landscape if the award is for a commercial application. 

 

 

 

 

 

Potential Post application in this area of development of research or commercial endeavor 

 

 

 

 

Background and rationale (citation of publications if any) 

Ganglioside GM1 induces phosphorylation of mutant huntingtin and restores normal motor behavior in Huntington 

disease mice.  Proceedings National Academy of Science Feb. 8, 2012, Vol 109, no 9 pp. 3528-3533. Alba Di Pardo, 

Vittorio Maglione, Melanie Alpaugh, Melanie Horkey, Randy S. Atwal, Jenny Sassone, Andrea Ciammola, Joan S. Steffan, 

Karim Fouad, Ray Truant, and Simonetta Sipione. (multicenter study)www.pnas.org/cgi/doi/10.1073/pnas.1114502109 

 

Objective 1: Optimization of raw material for GM1 production:  These studies will be a joint effort between 

Glycoscience Research Inc. and Avanti Polar Lipids.  The GM1 gangliosidosis lambs accumulate GM1 in varying 

amounts in all tissues in the body.  Individual tissues collected at slaughter by GRI will be analyzed for GM1 

content at Avanti Polar Lipids and the final mix of tissues that will provide the greatest yield per GM1 lamb will 

be determined for pharmaceutical development.  Individual tissues will be cryo-ground and submitted for 

Ganglioside analysis.  

Objective 2: Pre-clinical studies in transgenic HD mice: Briefly, three transgenic mice model of HD are routinely 

used in research.  We will administer both liquid and dry formulations of GM1 via deep intranasal delivery to 

HD mice and monitor brain levels of GM1 ganglioside and measure the reduction of the mutant Htt protein in 

the striatum of the brain.  We anticipate a 40 to 50% reduction.  Motor functions of mice will be monitored by 

standard methods.  These studies will be performed in Dr. Hersch’s laboratory at Mass General.    

GM1 is a glycolipid molecule, a complex structure compose of sphingolipid and long chain sugars.  After the BSE 

outbreak, the unverified bovine GM1 was deemed a potential risk, and was eventually removed for 

pharmaceutical use.  Synthetic methods have be tried, although the complex nature of the molecule has 

prevent success in any significant scale to date.  Semi-synthetic molecules have also proved to be impossible to 

produce in any quantity.  To date the ovine GM1 source is the only possible route for GM1 ganglioside 

production.  

Further development will be extensive.  Once the preclinical data is collected a cascade of events and further 

research and application in clinical trials will occur, as producers manage these genetics to maximize GM1 

production. The use of extensive electronic data will benefit producers as lambs are tracked from birth to 

harvest and into pharmaceutical processing. The project will include new infrastructure to harvest lambs and 

manufacturing to bring the product to market.  

 

http://www.pnas.org/cgi/doi/10.1073/pnas.1114502109


A randomized, controlled, delayed start trial of GM1 ganglioside in treated Parkinson’s disease patients. Journal of 

Neurological Sciences. 2013. 324 p140-148. Jay S. Schneider, Stephen  M. Gollomp, Stephanie Sendek, Amy Colcher, 

Franca Cambi, Wei Du. Thomas Jefferson University, Philadelphia, PA. 

 

These publicatons represent the sentinal justification for development of GM1 ganglioside for treatment of HD 

and Parkinson’s.  The literature contains hundreds of publication on the potential benefit of GM1 in neurologic 

diseases. 

Relationship to industry, including technical, economic and social benefit 

 

 

 

 

 

Cost benefit analysis 

 

 

 

 

 

 

 

 

 

Policy or decisions affected by results  

In addition to reversing the ongoing decline in US sheep numbers, GM1 has a significant humanitarian 

impact to treat a devastating disease.  (HD) is an autosomal dominant genetic mutation in either copy 

of an individual’s Huntingtin gene which results in a neuro-degenerative disorder that causes nerve 

cells in certain parts of the brain to waste away over a 10-20 year period. It affects muscle coordination 

and leads to cognitive decline and psychiatric problems. It typically becomes noticeable in mid-adult 

life, when most people are at the peak of their career. There is also a juvenile form that has a 5-10 year 

progression.  Total annual direct care costs of HD in the US are about $478 million. Another 1.9 billion 

each year is lost income as patients become unable to work. 

 

       Benefit:Cost Analysis 

  
GM1 affecteds 

 
Benefit:Cost to Patients 

  
Per 100 Ewes 

 
lambs revenue lambs revenue 

 

Disease modifying treatment for 
debilitating, fatal 

  180% lambing crop 180 $35,100.00 135 $26,325.00 

 
 neurologic disease 

 
PRICELESS 

wool production (lbs) 10 $1,000.00 10 $1,000.00 

    affecteds 25% 

  
45 $22,500.00 

 
US Annual direct care costs 

 
478 Million 

Total (gross) 

  
$36,100.00 

 
$49,825.00 

    Additional return 

   
$13,725.00 

 
US Annual lost income (patient & care giver) 

 
1.9 Billion 

Less costs 

  
$30,000.00 

 
$30,000.00 

    Total (net) 

  
$6,100.00 

 
$19,825.00 

 
Annual est. projected revenue from drug 

 
3-12 Billion 

          

Difference  

    
325% 

      

 

GM1 ganglioside from bovine brain has been shown to reverse clinical signs in mouse models of HD.  In 

addition, bovine GM1 has been shown to modify disease progression in Parkinson’s disease in phase II clinical 

trials.  The studies proposed in this work are a critical component to the IND submission to the FDA.  

Unfortunately, it has proven difficult to attract investor funding or public funding due to the large sheep 

production component of this project.  It would be a significant advantage for obtaining future NIH or investor 

funding if we can demonstrate that the US sheep industry is and active supporter of this initiative to develop 

GM1 for HD. 



Bio Sketch of each principal person 

  
Steven Hersch, MD PhD: clinical and research interests are in neurodegenerative disorders particularly 

Huntington's disease (HD). He was recruited to MGH/Harvard Medical School in 2001 to direct the HD clinical 

center and develop a laboratory devoted to translational research for HD. Dr. Hersch's work on HD has spanned 

basic, translational, and clinical and has included the neuropathology of HD, its pathogenesis, the development 

of therapeutics, and the development of clinical and biological measures of HD in humans to improve testing 

potential therapies. His laboratory has examined the roles of huntingin protein. He is also co-chair of the 

executive committee of the Huntington Study Group (HSG) and plays a major role in the planning and execution 

of multicenter clinical trials for HD. He also directs clinical care for HD provided by the New England Center of 

Excellence for HD and sees patients in the Movement Disorders unit at MGH.  PhD, Boston University, MD, 

Boston University School of Medicine, Residency and Fellowship, Emory University Hospital and Fellowship  

Wesley Woods Geriatric Hospital. Board Certifications American Board of Psychiatry and Neurology 

Larry Holler, DVM, PhD: diagnostic pathologist and animal reproductive disease specialist in the Veterinary and 

Biomedical Sciences Department at South Dakota State University. Expert in ovine GM1 ganglioside, maintained 

ovine GM1 gangliosidosis flock for over 2 decades. 

DVM, Kansas State University, PhD, Washington State University , dissertation Ectopic Neuritogenesis and 

Ganglioside Alterations in Ovine GM1 Gangliosidosis 
 

Dr. Walt Shaw Ph.D., President, Avanti Polar Lipids of Alabaster, AL the leading commercial expertise in lipid 

manufacture and analysis, including proven manufacturing and analytic capabilities for meeting the needs of 

this program including GMP supply for clinical trials going forward. 

 PhD: The Ohio State University. 

 

 

 



 

Financial Feasibility (i.e., Is the budget proportionate to the endeavor, and will the outcome have a financial 

benefit to the industry in the near term or will additional funding be required?) 

The budget will fund some of the important preclinical studies which will then attract additional funding.  Studies 

required by FDA will include absorption, distribution, metabolism, excretion and toxicity (ADMET) experiments in a 

rodent and non-rodent species.  These studies have already been done with the bovine source of GM1.  Since GM1 is a 

natural molecule present in all mammals, the results are expected to be duplicated, and GM1 can then move into clinical 

trials.  Since HD is a rare disease it will get special treatment and can be fast tracked through FDA once in clinical trials.   

The bovine source data is extensive and the ovine source should parallel the existing GM1 data.  While the cost of 

bringing a drug to approval is substantial, GM1 has the advantage that it will be comparatively less due to the base of 

scientific data already available from the bovine source.  Once the ovine source data can be proven  to duplicate the 

results of the bovine source, all the existing data can be bridged, providing a much more extensive knowledge of the 

potential of GM1.  The supply of lambs to meet the demand for the pharmaceutical industry needs to be ready for the 

expected demand.  The $500 per head pricing starting in 2016 should have an impact on producer profitability in the 

near future with a rapidly expanding demand moving forward.  

Business Soundness (i.e., Are project participants qualified and experienced) 

 

 

Management Ability (i.e., Are project participants qualified and experienced) 

 

 

 

 

 

 

Potential Industry Impact (i.e., How can the industry be expected to benefit in both qualitative and 

quantitative measures?) 

 

 

 

 

 

 

 

The US sheep industry could benefit significantly in this unique value added sheep venture.  Currently, 12 

cooperators are producing GM1 lambs for a substantial premium for the preclinical stages of this project.  The 

HD market will require a minimum of 100,000 GM1 lambs for an estimated 30 to 50 thousand patients that 

would receive treatment.  HD is a fatal genetic disease.  There is currently no treatment.  Treatment will require 

daily treatment for life.  It is anticipated that if we are successful with approval for HD, the need for further 

expansion to meet the need of Parkinson’s patients will be almost immediate.  There are approximately 1 

million patients that suffer with Parkinson’s disease.  

 

The Ovine GM1 project has collaborative team in place to achieve the overall goal of drug approval.  The studies 

proposed in this application will be performed in Dr. Hersch’s laboratory at Mass. General Hospital.  Dr. Hersch 

is a leading HD researcher and Director of the HD Center of Excellence at Mass. General.  Dr. Walter Shaw, 

Avanti Polar Lipids, and Dr. Larry Holler and Susan Holler MS, Glycoscience Research Inc. will provide raw 

material and finished ovine GM1 ganglioside for these studies.   Additionally the Hollers have 20 years’ 

experience breeding and managing the GM1 genetics in their flock.  Over this span the gene has been 

incorporated into a productive crossbred sheep to maximize prolificacy and growth rate parameters, through 

extensive data collection over time.    

  

 

This collaborative project brings together scientists from diverse areas of study.  All of the applicants have had 

long careers in their area of expertise and bring unique and highly qualified knowledge that will contribute to 

the success of the project.  



Industry Support (i.e., What data or other information is available to substantiate industry’s need or desire 

for this project?) 

 

 

 

 

 

 

 

 

CERTIFICATION 

To the best of my knowledge and belief, all data in this application is true and correct.  The document has 

been duly authorized by the governing body of the Applicant and the Applicant will comply with all Grant 

requirement if the assistance is awarded. 

Signature S S                                                                                           Date 

Name of authorized representative: 

Title  

 

Email  

Phone   

 
Return this application to: stevelee@nsiic.org  
If you prefer to send hard copies:  
Steve Lee, 
Executive Director and Program Manager  
National Sheep Industry Improvement Center  
Box 646  
Rockland, Maine 04841  
207-236-6567 
  
For FedEx or Other Delivery Services:  
32 Gleason St  
Thomaston, ME 04861  

This project was presented and offered to the Dakota Lamb Growers Co-op.   There are 12 cooperating flocks 

incorporating over 4000 ewes. Several of these producers have had family members or have known families 

struggling with HD and are committed to producing lambs that could treat this devastating disease.   With this 

initial group of producers the goal of producing 30,000 affected lambs to treat clinical HD patients can be 

reached in 10 years.  A big concern is that once GM1 is approved in clinical trials the demand will be immediate 

and the supply of lambs needs to be present.  Producers are now entering year 2 of the project, anticipating 

affected lambs in the spring of 2016.  The industry has put an emphasis on reversing the current decline in 

sheep numbers.  Just in the last 2 decades numbers have declined by nearly 7 million.  GM1 has the potential to 

reverse this trend providing a new value added product for the industry, one that could not be imported.  

Larry D. Holler DVM, PhD 
10-16-2015 

President, CEO, Glycoscience Research Inc. 

larryholler@glycoscienceresearch.com 

605-695-0984 



Download form to your computer, complete it and save it to your computer prior to submitting to the 
Sheep Center. 
  

Additional Information for Applicants:  
 
Matching funds:  
In order to leverage funds available, NSIIC will assign 10 points to any application in which a match of 
cash or in-kind labor is contributed. In-kind matches may only account for 50% of the total match. 
Additionally, salaries or other expenditures that will be made by the applicant or the applicant's employer, 
irrespective of a potential grant award, cannot be used as a match.  
A subtraction of 10 points will be made from the total score of any application that includes an overhead 
budget of more than 7.5% of the total grant request. Request for capital expenditures are discouraged, 
and may not exceed 20% of the total budget in any event. Please justify any requested funding for 
equipment or other capital expenditures.  
 

Notification to Applicants: Applicants will be notified via e-mail that their application has been received within a 

day or two of receipt: After Review, all applicants will be sent a notice to the e-mail of the person listed as the 

contact person on the application. That notice will be one of three possible responses: 1)Your application did not 

score high enough for funding consideration 2) Your application scored high enough for funding as submitted 3) 

Your application scored high enough for funding but with modifications needed in the budget. You will be given the 

opportunity to make those modifications for funding or you may reject the modifications in which case the grant 

funding offer will be withdrawn. Instruction will be included in the notice. Please note that the Review Committee 

will not provide feedback to applicants however in some cases the Board may elect to encourage re submission 

with certain specific changes (i.e. those the Board feels were good causes but poor application preparation or those 

with a good idea but not sustainable as presented). In some instances the Board may want to provide a written 

statement, with the understanding that no further discussion is available. Please note that proposals submitted 

more than twice will not be evaluated. The NSIIC Board request that applicants refrain from communicating with 

Board Members specifically about the project (i.e. Lobbying your project). Under no circumstances will applications 

arriving past the deadline for submission be considered 


