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August 30, 2019 
 

 

Ms. Tracy Egan  

Executive Director 

New York State Thoroughbred Breeding and Development Fund  

One Broadway Center, Suite 601 

Schenectady, NY  12305  
 

 

Dear Ms. Egan: 

Enclosed is an electronic copy of the 2018 annual report for the Harry M. Zweig Memorial Fund 

for Equine Research, covering the award period of January 1, 2018 through December 31, 

2018.  

Included with the report are copies of the spring and fall issues of the Zweig News Capsule.             

We also hosted a series of research presentations highlighting equine research at Cornell on 

November 14, 2018 at the Cornell College of Veterinary Medicine in Ithaca, New York. The talks 

were given by College faculty, and covered an array of equine research topics (Appendix D). A 

special presentation was made by Zweig Committee member Ms. M. Kelly Young, Executive 

Director of the Agriculture & NYS Horse Breeding Development Fund. The presentations were 

followed by a poster session and a reception attended by Zweig Committee members, faculty, 

scientific staff, and administrators.  

Additional information about the Harry M. Zweig Memorial Fund for Equine Research can be 

found on the Zweig public site at http://www.vet.cornell.edu/research/Zweig/.  

On behalf of Cornell University, we wish to extend our appreciation for your continued support of 

equine research. 

Sincerely, 

 

 

 

 
 

Robert S. Weiss, Ph.D. 
 

Professor of Molecular Genetics 

Associate Dean for Research & Graduate Education 
 

 

Cc: Lorin D. Warnick, PhD, Austin O. Hooey Dean of Veterinary Medicine 

 Ms. Jill LaBoissiere, Comptroller, NYS Thoroughbred Breeding & Development Fund  

 Mr. Adam Lawrence, Registrar, NYS Thoroughbred Breeding & Development Fund 

https://www.vet.cornell.edu/research/research-office/harry-m-zweig-memorial-fund-equine-research
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Harry M. Zweig Memorial Fund for Equine Research  

2018 Summary Report  

 
 

The 2018 Annual Report covering the period of January 1, 2018 through December 31, 2018 

is provided herein. 

 

For this reporting period, The Harry M. Zweig Memorial Fund for Equine Research 

Committee awarded funding for six of thirteen submitted projects. All six projects were new, 

first-time submissions. The total amount allocated for new awards for calendar year 2018 

was $398,507. This report includes the “lay summaries” for the public website (Appendix A). 

There were also five continuation awards approved for second year funding in the amount 

of $231,543.    

 

Additionally, on Wednesday, November 14, 2018, the Veterinary College hosted the 10th 

annual poster session and scientific talks, celebrating the collaboration between the Harry 

M. Zweig Memorial Fund for Equine Research and Cornell University College of Veterinary 

Medicine. Participants included Cornell faculty, students and scientific staff, showcasing 

their research to the College community and to the Zweig Committee.  

 

 

 

 

 

 

 

 

 

 

 



2018 Harry M. Zweig Memorial Fund for Equine Research Awards  

CONTINUATIONS  2018 AWARD 

   

Antczak, Douglas  Functional Gene Annotation in the 

Horse 

$60,083 

Cheetham, Jonathan  Regenerative Approach to Recurrent 

Laryngeal Neuropathy 

 $48,899 

Fubini, Susan  The Relationship between Obesity and 

Post-Operative Incisional Infections 

following Abdominal Surgery in the 

Horse 

$16,528 

Reesink, Heidi  Quantitative Computed Tomography 

and Bone Quality Assessment for the 

Prediction of Fetlock Breakdown Injuries 

in Racehorses 

$49,634 

Van de Walle, Gerlinde  Microencapsulated Stem Cells to 

Promote Wound Healing 

$56,399 

   

 Subtotal: $231,543 

   

NEW AWARDS  2018 AWARD 

   

Cheetham, Jonathan 

 

Accelerating recovery after Laryngeal 

Nerve Graft 

$37,997 

Divers, Thomas 

 

Characterizing tropism and transmission 

of equine parvovirus-hepatitis (EqPV-H) 

$79,006 

Nixon, Alan 

 

Next generation arthritis control through 

lubricin and IL-1 receptor antagonist 

overexpression in carpal OA 

$55,000 

Reesink, Heidi Intra-articular recombinant lubricin to 

restore joint lubrication and prevent 

osteoarthritis in horses 

$60,054 

Van De Walle, Gerlinde 

 

The mesenchymal stem cell secretome 

against equine herpesvirus type 1 

infections 

$67,136 

Wagner, Bettina 

 

Towards a neonatal vaccine against 

equine herpesvirus type 1 (EHV-1) 

$99,314 

   

 Subtotal: $398,507 

 

 

 



PROGRESS IN 2018   

 Dr. Douglas Antczak’s project entitled “Functional gene annotation in the horse” 

termed December 31, 2018. A final report is attached herein. 

 Dr. Douglas Antczak’s project entitled “Cellular Immunity to Equine Herpesvirus 

Type 1 (EHV-1)” termed June 30, 2018. A final report is attached herein. 

 Dr. Jonathan Cheetham’s project entitled “Regenerative approach to recurrent 

laryngeal neuropathy” termed December 31, 2018. A final report is attached herein. 

 Dr. Jonathan Cheetham’s project entitled “Accelerating recovery after Laryngeal 

Nerve Graft” termed December 31, 2018. A final report is attached herein. 

 Dr. Lisa Fortier’s project entitled “Does Intra-Articular Stifle Anesthesia Alleviate 

Lower Limb Lameness?” termed June 30, 2018. A final manuscript is attached 

herein. 

 Dr. Heidi Reesink’s project entitled “Quantitative Computed Tomography and 

Bone Quality Assessment for the Prediction of Fetlock Breakdown Injuries in 

Racehorses” termed December 31, 2018. A final report is attached herein. 

 Dr. Gerlinde Van de Walle’s project entitled “Microencapsulated Stem Cells to 

Promote Wound Healing” termed December 31, 2018. A final report is attached 

herein. 

 Dr. Bettina Wagner’s project entitled “Effects of equine herpesvirus (EHV) 

vaccination frequency on host immunity on EHV-1” termed June 30, 2018. A final 

report is attached herein. 

 Dr. Normand Ducharme’s project entitled “Two-Day Tie-Back (Injection 

Laryngoplasty); Proof of Principle” received a no-cost extension June 30, 2019. A 

final report will be included in next year’s annual report. 

 Dr. Philippa Johnson’s project entitled “Equine Brain White Matter: A Comparative 

Tractography and Gross Dissection Study” received a no-cost extension through 

November 30, 2019. A final report will be included in next year’s annual report. 

 Dr. Gillian Perkins’ project entitled “Validation of an Equine Stall-side Major 

Crossmatch Test” received a no-cost extension through November 30, 2019. A final 

report will be included in next year’s annual report. 

 Dr. Heidi Reesink’s project entitled “Proximal Sesamoid Bone Microdamage and 

Fracture Toughness in Thoroughbred Racehorses” received a no-cost extension 

through November 30, 2019. A final report will be included in next year’s annual 

report. 

 Dr. Susan Fubini’s project entitled “The Relationship between Obesity and Post-

Operative Incisional Infections Following Abdominal Surgery in the Horse” 

received a no-cost extension through December 31, 2019. A final report will be 

included in next year’s annual report. 

  



 Dr. Hussni Mohammed’s project entitled “Factors Associated with 

Musculoskeletal Injuries & Catastrophic Events in Racing Horses” received a 

no-cost extension through December 31, 2019. A final report will be included in next 

year’s annual report. 

 Dr. Alan Nixon’s project entitled “Next Generation Arthritis Control through 

Lubricin and IL-1 Receptor Antagonist Overexpression in Carpal OA” received 

a no-cost extension through December 31, 2019. A final report will be included in next 

year’s annual report. 

Final and progress reports are enclosed in Appendix B. 

 

FURTHER SECURED FUNDING FROM ZWEIG AWARDS IN 2018  

The Incentive Program enables the Fund to leverage its investment in Zweig-sponsored 

research by encouraging Veterinary College faculty to seek either additional or 

supplementary monies from external sponsors that base their award decisions on a process 

that involves informed scientific review. The external grant must be closely related to a Zweig 

project. Eligible sponsors include, but are not limited to, the Grayson Foundation, the NIH, 

the NSF, and the USDA’s National Research Initiative. Recipients provide an annual report 

on the use of these funds. 

                                 

The following external grant award resulted from Zweig funding: 

Principal 

Investigator 
External Award Sponsor 

Project 

Period 

Awarded 

Amount 

Incentive  

Award 

Cheetham, 

Jonathan 

Manipulating Macrophage 

Phenotype to Accelerate 

Recurrent Laryngeal Nerve 

Repair 

NIDCD RO1 7/15/18-

6/30/19 

$1,962,500 $5,000 

Van De Walle, 

Gerlinde 

The Antimicrobial Properties 

of Mesenchymal Stromal 

Cells as a Biological 

Alternative to Conventional 

Antibiotics in Veterinary 

Medicine 

USDA‐

NIFA‐AFRI 

6/15/18-

6/14/19 

$489,908 $5,000 

 

PUBLICATIONS  

Miller, D., Tallmadge, R.L., Binns, M., Zhu, B., Mohamoud, Y.A., Ahmed, A., Brooks, S.A. 

and Antczak, D.F., 2017. Polymorphism at expressed DQ and DR loci in five common 

equine MHC haplotypes. Immunogenetics, 69(3), pp.145-156.  

Sadeghi, R., Moradi-Shahrbabak, M., Ashtiani, S.M., Miller, D.C. and Antczak, D.F., 2018. 

MHC haplotype diversity in Persian Arabian horses determined using polymorphic 

microsatellites. Immunogenetics, 70(5), pp.305-315. 

Radtke, A., Fortier, L.A., Regan, S., Kraus, S. and Delco, M.L., 2019. Intra‐articular 

anaesthesia of the equine stifle improves foot lameness. Equine Veterinary Journal. 



Harman, R.M., He, M.K., Zhang, S. and Van de Walle, G.R., 2018. Plasminogen activator 

inhibitor-1 and tenascin-C secreted by equine mesenchymal stromal cells stimulate dermal 

fibroblast migration in vitro and contribute to wound healing in vivo. Cytotherapy, 20(8), 

pp.1061-1076. 

Cresswell, E.N., McDonough, S.P., Palmer, S.E., Hernandez, C.J. and Reesink, H.L., 2019. 

Can quantitative computed tomography detect bone morphological changes associated with 

catastrophic proximal sesamoid bone fracture in Thoroughbred racehorses? Equine 

Veterinary Journal, 51(1), pp.123-130. 

Reesink, H.L. and Palmer, S.E., 2019. Letter to the Editor: Selection of appropriate controls 

for studying fatal musculoskeletal injury in racehorses. Equine Veterinary Journal. 

Luedke, L.K., McDonough, S.P., Palmer, S.E., Donnelly, E., Hernandez, C.J., Reesink, H.L. 

Microdamage and fracture toughness assessment of proximal sesamoid bones of 

Thoroughbred racehorses. In Progress. 

Cresswell, E.N., Wollman, C.W., McDonough, S.P., Peal, B.T., Palmer, S.E., Deng, S., 

Toler, A.B. and Reesink, H.L. Proximal sesamoid bone osteoarthritis correlates with high-

speed furlong exercise in Thoroughbred racehorses. In preparation for submission. 

 

PATENT UPDATES (ON-GOING)    

2013 – Patent application no. 6465-02PC, “A Method to Induce Protection and Immune 

Alertness in Neonates” was submitted on 9/6/13 and granted on 11/12/14 (PCT/US14/651). 

Inventors: B. Wagner, G. Perkins.  

Applicant: College of Veterinary Medicine, Cornell University, Ithaca, NY (2014) 

2015 – Patent application no. 14876007 (20160103128), “Immunogenic Proteins of 

Leptospira” was submitted on 10/6/15 and granted on 6/14/16. Inventor: Y.F. Chang. 

Expires: 10/10/23. 

Applicant: College of Veterinary Medicine, Cornell University, Ithaca, NY (2015) 

2016 – Patent application no. 15261212 (20170067896), “Enhancing serological assays via 

fusion proteins” was submitted 9/9/16 and granted 10/16/18. Inventor: B. Wagner. Expires: 

9/9/36.  

Applicant: College of Veterinary Medicine, Cornell University, Ithaca, NY (2016) 

 

2014 – Patent application no. 15036257 (20160263211), “Stimulation of Neonatal Immunity” 

was submitted 11/12/14. Inventors: B. Wagner, G. Perkins. Pending. 

Applicant: College of Veterinary Medicine, Cornell University, Ithaca, NY (2014) 

2017 – Patent application no. 15429802 (20170224764), “Therapeutic Targeting of 

Mitochondria to Prevent Osteoarthritis” was submitted 2/10/17. Inventors: M.L. Delco, L. 

Fortier. Pending. 

Applicant: College of Veterinary Medicine, Cornell University, Ithaca, NY (2017) 

 

 

     

  



Gerlinde Van de Walle, DVM, Ph.D. 

Harry M. Zweig Assistant Professor in Equine Health 2017-2018   
 

 

At the November 17, 2016 Harry M. Zweig 

Memorial Fund for Equine Research annual 

meeting, in recognition of her success in research 

related to the health of horses, Dr. Gerlinde Van 

de Walle was named the third Harry M. Zweig 

Assistant Professor in Equine Health at the 

College of Veterinary Medicine, Cornell University. 

The assistant professorship was effective January 

1, 2017 through December 31, 2018.    

 

 The intent of the Harry M. Zweig Assistant 

Professorship in Equine Health is to support a 

junior faculty member showing promise and 

productivity in promoting equine health. The honor is granted for a period of up to three 

years. 

 

Dr. Van de Walle’s equine research program focuses on infectious diseases and wound 

healing, work that has been funded by the Zweig Memorial Fund, Boehringer Ingelheim, the 

National Institutes of Health, the United States Department of Agriculture, the Cornell Stem 

Cell Program, and the American Quarter Horse Foundation. The results promise to not only 

help improve the health and wellbeing of horses, but of humans and other animal species 

as well.  

 

In her infectious disease work, Dr. Van de Walle examines the possible roles of viruses in 

two common conditions in horses: ulcers and hepatitis. Gastric ulcers are particularly 

widespread among racing horses, and it has long been suspected this is due to the stressful 

experiences of training, travel, and the track. Dr. Van de Walle’s work has uncovered 

evidence that an infectious cause may be to blame for at least some of these cases, a 

possibility that offers new treatment options or even a cure, says Dr. Van de Walle. “If we 

can link ulcers to an infectious cause we can treat these affected horses and heal them,” 

she says.  

 

In the case of hepatitis, Dr. Van de Walle investigates the ways in which nonprimate 

hepacivirus (NPHV) causes liver inflammation. Given the close relationship between NPHV 

and hepatitis C virus, which causes disease in humans, these studies could lead to benefits 

for both species.  

 

When it comes to wounds, horses often heal quite slowly, particularly on their lower legs. 

Dr. Van de Walle has been testing stem cells to determine whether they could aid the wound 

healing process in tissue samples in the lab. Their results show that the substances secreted 

by stem cells can prevent thick, lumpy scarring (called proud flesh) from forming and also 

reduce the severity of existing scars. Dr. Van de Walle plans to carry the work forward to 

testing in horses, and to examine how those treatments may be used in wound management 

for other animal species, including humans.  

Gerlinde Van de Walle and Farrah at the 

Baker Institute’s McConville Barn. 

http://vet.cornell.edu/baker/research/faculty/GerlindeVandeWalle.cfm
http://vet.cornell.edu/research/zweig/
https://www.boehringer-ingelheim.com/
https://www.nih.gov/
https://www.usda.gov/wps/portal/usda/usdahome
https://www.stemcell.cornell.edu/
https://www.stemcell.cornell.edu/
https://www.aqha.com/foundation


The Zweig Assistant Professorship presents her and her research team of graduate 

students and postdoctoral associates with the opportunity to have a greater impact on the 

health of these animals, which have always had a unique and powerful relationship with 

humans. “The support from the Zweig Memorial Fund is a great foundation; it puts us in a 

strong position to launch our research into the broader scientific community,” says Dr. Van 

de Walle. 

  



CORNELL CLINICAL FELLOW IN EQUINE HEALTH 

At the 2007 annual meeting, the Harry M. Zweig Committee approved the allocation of funds 

to help support a Cornell Clinical Fellow in Equine Health. Dr. Sophy Jesty was selected as 

Cornell’s first Clinical Fellow, followed by Dr. Sarah Pownder, and more recently Dr. Joy 

Thomlinson. Supported in part by Zweig funds, all have been highly successful. Cornell’s 

College of Veterinary Medicine’s two-year Clinical Fellows Program is the first in the country 

to address a growing shortage of academic veterinarians who conduct research on animal 

diseases and basic biology.  

 

The program is designed to help students meet the financial and time demands of qualifying 

for a position in veterinary academic medicine, which has traditionally required students to 

complete an M.S. or Ph.D. after they finish their doctorate in veterinary medicine (DVM). 

The two-year program, available to veterinarians who have completed a three-year 

residency, offers an annual salary of $65,000 plus benefits and an additional $15,000 per 

year to fund a research project.  

 

There was no Clinical Fellow appointed for 2018. 

 

  



 

APPENDIX A: LAY SUMMARIES FOR NEW AWARDS 

 

APPENDIX B: FINAL AND PROGRESS REPORTS SUBMITTED IN 2018 

 

APPENDIX C: SUMMARY OF EXPENDITURES 

The 2018 Summary of Allocations was presented and approved at the Zweig Committee 

annual meeting in November 2018.   

 

APPENDIX D: RESEARCH PRESENTATIONS  

List of speakers at the 10th Annual Poster Session & Talks, held on November 14, 2018 at 

the Cornell College of Veterinary Medicine, Cornell University, Ithaca, New York.  

 

APPENDIX E: 2019 HARRY M. ZWEIG MEMORIAL FUND FOR EQUINE RESEARCH 

AWARDS 

Five projects were approved for funding from a roster of fourteen applications at the Harry 

M. Zweig Memorial Fund annual meeting, November 15, 2018.  The list of projects funded 

for 2019 are shown in Appendix D. 

 

APPENDIX F: ZWEIG NEWS CAPSULES 

There were two issues of the Zweig News Capsule published in 2018 (#65 & #66).   

 

All Zweig News Capsules can be found on the Zweig Website at:  

http://www.vet.cornell.edu/zweig/  
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APPENDIX A 

Lay Summaries for New Awards 
 

 
 

 
Cheetham, Jonathan 

 

Accelerating recovery after Laryngeal 

Nerve Graft 

Divers, Thomas 

 

Characterizing tropism and transmission 

of equine parvovirus-hepatitis (EqPV-H) 

Nixon, Alan 

 

Next generation arthritis control through 

lubricin and IL-1 receptor antagonist 

overexpression in carpal OA 

Reesink, Heidi Intra-articular recombinant lubricin to 

restore joint lubrication and prevent 

osteoarthritis in horses 

Van De Walle, Gerlinde 

 

The mesenchymal stem cell secretome 

against equine herpesvirus type 1 

infections 

Wagner, Bettina 

 

Towards a neonatal vaccine against 

equine herpesvirus type 1 (EHV-1) 

  



Principal Investigator: Dr. Jonathan Cheetham  

Title: Accelerating recovery after Laryngeal Nerve Graft 

Project Period: 1/1/18 – 12/31/19 

 
LAY SUMMARY  
Recurrent laryngeal neuropathy (RLN) or “Roaring” is a major cause of poor athletic performance 
affecting 8% of racehorses and a higher percentage of sport horses. The disease affects the ability 
of the nerve to conduct a signal from the brain to the muscle that opens the larynx or voice box at 
exercise -the CAD muscle. This CAD muscle is the only muscle that opens the larynx during exercise. 
In affected horses the impulses carrying this signal down the nerve travel more slowly and do not 
reach the muscles as effectively as in normal horses. This leads to a reduction in the size and 
strength of the CAD muscle causing collapse of the larynx with reduced airflow and abnormal noise 
production. 
 
Currently current standard of care for RLN is the placement of a fixed and permanent laryngoplasty 
suture – a “tie-back”. While this method is relatively successful in the treatment of airway obstruction 
in RLN affected horses, it does not restore function to the airway and can be associated with risks 
such as coughing and failure of the suture to hold the airway open. At the Equine Performance Clinic 
we see a large number of cases each year that show early signs of RLN but are not yet sufficiently 
affected to warrant the cost or potential risks of surgery. Here, we propose a regenerative approach 
to restore normal laryngeal function in horses affected by RLN using an enhanced nerve graft.  The 
approach would avoid interfering with the normal protective mechanisms of the airway and so also 
avoid the complications associated with the current treatment.  Previous research has attempted to 
restore muscle function through nerve-muscle pedicle grafting to bring a new nerve supply to the 
affected CAD muscle. Although this technique showed good results it took up to 12 months to bring 
function back to the CAD muscle – too slow for career equine athletes. Slow reinnervation also 
remains a problem in human patients treated by nerve graft.  
 
Over the last three years and with support from the Harry M. Zweig Memorial Fund and the National 
Institutes of Health we have begun to understand the basic mechanisms behind the role of a 
particular type of immune cell – the macrophage - in peripheral nerve repair. These cells are the 
major cell type migrating to the repair site and are the ‘conductors of the orchestra’, laying down tiny 
capillary networks along which other cell types can migrate.  We have developed a sophisticated 
technique to isolate macrophages from the site of peripheral nerve injury, evaluated how changes in 
genes expressed by these macrophages change over time after injury and how genes that control 
the types of macrophages at the injury site affect repair after nerve graft. 
 
The overall goal of the experiments in this proposal is to change the type of macrophages at the site 
of nerve injury using a stable hydrogel that supports nerve growth and allows us to add small 
molecules called cytokines that can alter the type of macrophages.  This system is safe and 
biocompatible.  We anticipate that will prevent the nerve degeneration and muscle atrophy, 
commonly observed in RLN, and restore full function.  
We will perform our experiments using both branches of a major hind limb nerve in rats and equine 
laryngeal nerves.  We propose rats system as they are very well established in the literature and in 
our laboratory and closely mimic the situation in which a fresh nerve is grafted to a diseased nerve 
as seen in RLN in horses. We use horses so that we can start to establish the time to recovery after 
nerve graft. 
 
We hypothesize that by manipulating the microenvironment at the site of nerve graft and changing 
the function of macrophages this will allow regrowing nerves to cross the repair site more rapidly and 
functional recovery will be faster and better.  We will examine the effects of interleukin-10, a powerful 
anti-inflammatory cytokine, in rats. Our preliminary data already show a very positive effect. We will 
test an absorbable nerve wrap developed by our group to provide sustained release of IL10 during 
the period when macrophages are moving to the site of nerve repair. 
 
 



We first use rats to test the benefits of sustained IL10 release at two doses, determined by our 
preliminary data, on nerve extension, the formation of normal connections with the muscle and then 
functional recovery. We will then determine the time to recovery after recurrent laryngeal nerve graft. 
 
We will first verify the optimal dose of IL10 by measuring migration of Schwann cells and regrowth 
of axons.  We will achieve this aim by loading an inert agarose hydrogel with IL10 at three doses 
which bracket the  
Our experimental approach closely mimics the situation in equine RLN where the distal nerve stump 
(close to the muscle) is denervated through axonal loss and demyelination and could be reinnervated 
by a graft using the second cervical nerve.  The second cervical nerve is active during inhalation and 
so is an ideal candidate for grafting to the recurrent laryngeal nerve.  The graft would be performed 
immediately behind the larynx so if axons cross the repair site rapidly then we anticipate 
reinnervation and functional recovery at the larynx could occur within 12-16 weeks.  This would be a 
major improvement in currently available treatment options for this challenging condition. 
 
These experiments will also provide additional and complementary training for a surgical resident in 
the PI’s laboratory. 

  



Principal Investigator: Dr. Thomas Divers  

Title: Characterizing tropism and transmission of equine parvovirus-

hepatitis (EqPV-H) 

Project Period: 1/1/18 – 12/31/18 

 
LAY SUMMARY  
Rationale 
Theiler’s Disease is a serious and frequently fatal condition that affects all classes and breeds of 
adult horses. Despite having known about this condition since 1919, there is currently no known 
prevention method or specific treatment. Most previously reported cases of Theiler’s Disease have 
occurred after administration of equine biologic products, such as antitoxins or commercial plasma. 
Non-biologic associated cases have been reported also, suggesting natural transmission among 
horses occurs. A blood-borne virus has long been suspected to be the cause of Theiler’s Disease 
and our group has recently discovered a novel parvovirus, named Equine Parvovirus Hepatitis 
(EqPV-H), which is hepatotropic, causes hepatitis, and is strongly associated with clinical cases of 
Theiler’s Disease. We have found the virus in 18 consecutive individually reported cases of Theiler’s 
Disease; 10 associated with tetanus antitoxin administration 4-9 weeks earlier, 2 following 
commercial plasma administration 7 weeks earlier, and 3 following allogenic stem cell treatments 6 
-7 weeks earlier. The virus has also been found to be associated with an outbreak of Theiler’s 
Disease and 4 deaths on a brood mare farm that had no history of equine origin biologic 
administration. 

 
EqPV-H belongs to the Parvoviridae, which are a family of small viruses that preferentially infect 
rapidly dividing cells. Since normal liver tissue contains very few dividing cells, it is of critical 
importance to identify which cell types EqPV-H virus targets to develop suitable tools that allow for 
studies on viral replication and kinetics in vitro. Moreover, it is highly important to identify potential 
modes of transmission to gain better insights into the pathogenesis of EqPV-H in vivo. Such 
information is necessary to better understand the pathogenesis of this virus and to evaluate ways to 
prevent and control EqPV-H infections. 
 
Background 
Theiler’s Disease, also known as serum hepatitis or idiopathic acute hepatic necrosis, was first 
described in 1919 by Sir Arnold Theiler who observed hundreds of cases of a highly fatal form of 
hepatitis in horses that had been administered equine serum as an experimental vaccination to 
prevent African horse sickness (Theiler A, 1919). Since then, Theiler's Disease has been described 
in horses in many areas of the world following treatment with a variety of equine serum products, 
including tetanus antitoxin (Hjerpe CA, 1964; Rose JA et al., 1974; Thomsett LR, 1971; Step DL et 
al., 1991; Messer NT & Johnson PJ, 1994; Guglick MA et al., 1995), botulinum antitoxin (Chandriani 
S et al., 2013), antiserum against Streptococcus equi (Rose JA et al., 1974; Panciera RJ, 1969), 
pregnant mare’s serum (Rose JA et al., 1974), and equine plasma (Theiler A, 1919; Marsh H, 1937; 
Thomsett LR, 1971; Aleman A et al., 2005). Non-biologic associated cases have been observed 
also, most commonly in the fall of the year and often on breeding farms. Interestingly, we recently 
identified 3 cases of Theiler’s Disease with EqPV-H that were most likely transmitted through 
allogenic stem cell therapy (Tomlinson JE et al., 2017 in preparation). 

 
Identifying the causative agent of Theiler’s Disease is a major focus of our research team. Three 
novel flaviviruses of horses were recently investigated. Non-primate hepacivirus (NPHV, also known 
as equine hepacivirus) is hepatotropic and causes temporary elevation in liver enzymes (Burbelo PD 
et al., 2012; Scheel TK et al., 2015; Pfaender S et al., 2014; Scheel TK et al., 2015; Ramsay JD et 
al., 2015), but was found in only 1 of the 18 consecutive cases of Theiler’s Disease we analyzed 
prospectively (Tomlinson JE et al., 2017 in preparation). Our team discovered the pegivirus Theiler’s 
Disease Associated Virus (TDAV) during an outbreak of acute clinical hepatitis in horses following 
prophylactic administration of botulism antitoxin of equine origin (Chandriani S et al., 2013), however 
TDAV also was not found in subsequent cases of Theiler’s Disease. Later testing of the cases from 
the outbreak and the associated botulism antitoxin found that EqPV-H was also present. Another 
pegivirus, Equine Pegivirus (EPgV) is a common infection of horses, but not hepatotropic and has 



not been associated with disease (Kapoor A et al., 2013; Scheel TK et al., 2015; Lyons S et al., 
2014).  

 
More recently, our team discovered a new parvovirus, named Equine Parvovirus-Hepatitis (EqPV-
H), in the serum and liver of a horse with Theiler’s Disease and in the tetanus antitoxin that was 
administered to this animal 65 days before the onset of disease (Divers TJ et al., 2017, in review). 
EqPV-H was found in serum and/or liver samples from 18 consecutive Theiler’s Disease cases, in 
the available biologic products administered to those cases, and in the outbreak from which TDAV 
was first identified. Equine parvovirus viremia and hepatitis occurred in 2 experimental horses 
inoculated with commercial tetanus antitoxin that was positive for EqPV-H DNA, providing a strong 
link between this virus and Theiler’s Disease. The serum from 1 of the experimental horses was 
inoculated into a third horse who became viremic and developed hepatitis, further confirming the 
strong associated between the virus and acute hepatitis. Moreover, we identified EqPV-H in 4 mares 
that died with no history of equine biologic administration during an outbreak of Theiler’s Disease on 
a breeding farm (Tomlinson JE et al., 2017 in preparation). Of note, 3- 13% of normal horses, 
increasing with age, are EqPV-H viremic and 2 of our experimentally infected horses showed no 
clinical signs of disease despite significant biochemical and histopathologic evidence of hepatitis, 
suggesting subclinical disease may be common in infected horses. Horses rarely clear this virus and 
instead remain persistently infected for years, providing a reservoir for possible transmission to other 
horses.  

 
Importance to equine industry 
Theiler’s Disease can affect adult horses of any discipline and breed, making this work broadly 
applicable. Theiler’s Disease is especially relevant to the racing industry in 3 aspects. First, Theiler’s 
Disease frequently affects broodmares, associated with frequent use of tetanus antitoxin post-foaling 
or outbreaks that are not associated with biologic product administration. Second, we have recently 
identified 3 cases of Theiler’s Disease due to allogenic stem cell treatment, which is commonly used 
to treat orthopedic injuries in racehorses (Tomlinson JE et al., 2017 in preparation). Third, EqPV-H 
has been found to be associated with the high GGT syndrome that can be seen in poorly performing 
racehorses (personal communication with Dr. Ramsay, manuscript in preparation).  

 
Objectives/experimental approach 
Our specific objectives are to (i) characterize the tissues and cells infected by the virus, (ii) advance 
molecular virology studies of EqPV-H in vitro, and (iii) provide additional evidence that EqPV-H can 
be transmitted by allogenic stem cell treatment in vivo, with the common end goal to formulate 
methods of prevention and treatment. 
 
Aim 1: Determine EqPV-H tissue and cellular tropism. We will identify which organs and cell types 
are infected during both the acute clinical phase and in the chronic asymptomatic phase of infection. 
Since normal liver tissue contains very few dividing cells, it is of critical importance to identify which 
cell types EqPV-H virus targets to develop suitable tools that allow for studies on viral replication and 
kinetics in vitro. We will use previously acquired tissue samples from clinical and experimental cases 
of EqPV-H infection to determine tissue and cellular tropism. We will employ PCR for analyses on a 
tissue level and in situ hybridization (ISH), combined with immunohistochemistry (IHC), for analyses 
on a cellular level.  
 
Aim 2: Optimize an in vitro cell culture system for EqPV-H. We will optimize an in vitro model of 
EqPV-H infection in cell culture using established primary equine cell culture techniques. There is 
no commercial equine hepatocyte cell line, therefore, we will inoculate a variety of primary equine 
cell cultures such as fibroblasts, mesenchymal stromal cells, hepatocyte-like cells, endothelial cells, 
etc. and determine which of these cell types are susceptible for EqPV-H by performing PCR and 
ISH.  
 
Aim 3: Determine EqPV-H transmission via stem cell treatment. We will use bone marrow (BM)-
derived stem cells from an EqPV-H viremic horse, which were confirmed to be EqPV-H-positive 
using PCR, to inoculate EqPV-H-naïve recipients. These recipient horses will be tested for EqPV-H 
infection using serial serum PCR and liver biopsy.  



 
Long-term goals 
This work will lay the foundation for future investigations of viral kinetics, transmission requirements, 
and pathogenesis by identifying the tropism of EqPV-H and establishing an in vitro cell culture model. 
Future work is expected to describe the full scope of equine diseases that can be attributed to EqPV-
H including the effect of chronic infection, risk factors for fulminant hepatitis, vaccine development, 
and treatment modalities. If EqPV-H infections are further confirmed to be associated with poor 
performance and elevated GGT syndrome which occurs in approximately 5% of race horses, the 
development of a vaccine could be indicated.  We have already identified a candidate gene for future 
vaccine development. This has the possibility to significantly improve safety of equine biologic 
product administration, to prevent outbreaks of Theiler’s Disease on breeding farms, and to reduce 
morbidity in infected horses. 
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LAY SUMMARY  

The Research Problem 
Traumatic injury to joints such as the knee and fetlock are common in racehorses, often chipping off 
bone fragments, but also precipitating more widespread cartilage injury that culminates in 
osteoarthritis (OA). Joint injury and OA rank second only to tendon injury as the leading cause of 
racehorse retirement.  Recently, it has been recognized that fetlock joint injury can also lead to 
persisting stress risers that predispose to later catastrophic fractures of the cannon bone, sesamoids, 
or proximal phalanx.  In man, OA is the leading disability among adults and the incidence is expected 
to double by the year 2020. There are no treatments that markedly alter the progression of OA, and 
most therapies have focused on symptom-modifying treatments, including analgesics and physical 
therapy, and a variety of joint injections. Many arthritic joints eventually need surgical intervention in 
the form of cell implantation, or in man, joint replacement. A significant unmet need in medical 
research is the evolution of better intraarticular treatments that don’t require frequent injection and 
yet provide a more regenerative effect to bolster both cartilage restoration and quell the reaction in 
the joint that follows traumatic injury. The aims of the proposed research are to examine the impact 
of gene delivered combination joint therapy through incorporation of a new lubricating molecule 
known as lubricin with a more familiar anti-inflammatory agent coined IRAP or interleukin receptor 
antagonist protein, to provide more potent and more long-term amelioration of the symptoms of 
arthritis.  
 
Current Intraarticular Medications 
Decades of research and clinical evaluation have yielded several treatment avenues, including 
hyaluronan (HA) supplementation, corticosteroid injection, IRAP injection, and platelet-rich plasma 
(PRP) milieu applications, and more expensive cell-based therapies for cartilage repair and joint 
stabilization. IRAP is a simple practice lab derived mixture from the horses own blood, which is 
filtered and injected into the affected joints.  It contains IL-1Ra as its primary active agent.  The 
significant limitation with IRAP is the limited effective residence, ranging from several days to 2 
weeks.  Limited success with intraarticular medications is reflected by the continued lameness, short 
term responses, and eventual retirement of many horses due to the debility of arthritis.  Aggressive 
restoration of a balance in joint function, using lubricin, a more recently discovered but largely 
untested natural compound from joints, may provide better lubricating qualities than HA but 
importantly includes a range of other benefits including repair of damaged surface cartilage, 
suppression of degrading enzymes in the joint, and stabilization of the joint lining to present a better 
barrier to cell entry and a reduction in the pain response. We hypothesize that lubricin may enhance 
functional repair throughout the joint, and in-so-doing, reduce pain and the progression of disease. 
We contend that gene delivery of lubricin and IRAP makes better sense than repeated injection and 
that this will better mimic resident biology in a joint, rather than providing a short term solution to a 
chronic problem.  
 
What is Lubricin (Proteoglycan4) 
Lubricin has been identified as the primary boundary lubricant in synovial fluid, which prevents 
cartilage roughening and degradation under high-load, low-motion conditions by decreasing friction 
at the articular cartilage gliding surfaces (Fig 1,2).  In addition, lubricin is proposed to protect against 
the development of OA by decreasing joint lining cell adhesion to the articular cartilage surfaces, 
inhibiting joint lining overgrowth and scar tissue formation, and stimulating synthesis of other useful 
joint fluid constituents.  
 



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

These features make lubricin an ideal joint medication when administered by injection. Despite this 
obvious potential, the transitory nature of injectable lubricin and the potentiation of action by partner 
agents lead to significant new areas of investigation. The primary focus here is to deliver the lubricin 
gene rather than rely on recombinant mucoprotein injections which have only days of residence time. 
 
Combination of Lubricin and IL-1 Receptor Antagonist (IRAP) 
Joint health relies on a cohort of cartilage integrity and smooth frictionless action compared to joint 
disruption through cartilage erosion and painful reaction in the joint lining. This tilting of the balance 
toward sustained joint health rather than erosion and disease is best forged by dual axis therapies 
that target cartilage repair (Lubricin) and minimize enzymatic degradation of the joint surface (IRAP). 
This grant analyzes a novel delivery of lubricin as the lubricating and stabilizing therapeutic that will 
replace HA, and the anti-inflammatory bonus of IL-1 receptor blockade to limit joint erosion and 
enhance pain free function. A classic win-win in a gene delivery stem cell package. 
 
 
 

Fig 2. Schematic illustration of the 

interaction of lubricin and HA on the 

cartilage surface. (A) The strength of 

cartilage and its compressibility is 

derived from the helical spring like 

arrangement of the counter spiraling 

collagen fibril coils (blue and green). 

Entangled HA chains (yellow), with 

interspersed lubricin (Lub; green) and 

attached aggrecans (red) run up to the 

joint surface to provide integration of 

lubricated surface and deeper collagen 

network.  (B) In compression, fibril 

realignment mechanically traps (white 

arrows) the HA/aggrecan complexes, 

maintaining a layer of immobilized HA 

and lubricin between the collagen and 

top surface. (C and D) Schematic 

representation of HA trapping 

mechanism with interspersed lubricin 

(LUB) in the cartilage contact during 

physiological sliding under low (C) 

and high (D) loads.  

Fig 1. Schematic illustration of the changes in 

lubricin (blue layer) during joint disease, as a 

consequence of the proliferation of cytokines 

such as IL-1β and TNF α.  The cartilage in the 

osteoarthritic joint loses its frictionless activity as 

lubricin levels decline. 



Research Plan 
The broad objectives of this proposal are to develop a single vector co-expressing lubricin and IRAP, 
test its expression in articular cells, and combine it in a simple AAV virus backbone. We then plan to 
test the combined construct for dual expression and impact in a carpal chip osteoarthritis model.  
The long-term goal is to delay and prevent the progression of osteoarthritis (OA) through gene- 
mediated lubricin supplementation combined with suppression of the degradatory and inflammatory 
master controller, interleukin-1. Studies so far suggest that lubricin protects articular cartilage from 
fibrillation by functioning as a boundary lubricant and by preventing joint lining cell overgrowth and 
protein deposition.  Additionally, redistribution of lubricin and changes in the size of lubricin may 
make it less effective in disease. The multimodal therapy proposed here will use stem cell delivery 
to seed both cartilage and joint lining layers with lubricin secreting and anti-inflammatory modulating 
agents. 

 
Impact of this Research 
Joint injuries often have long-term repercussions and remain one of the leading causes of retirement 
in racehorses. Treatment costs continue to spiral and there are few promising new treatment 
modalities that have succeeded in clinical trials. This grant addresses some of these fundamental 
deficiencies by examining a new gene delivery strategy that will reduce reaction in joints as well as 
supplement lubricin as the new “chondroprotective” joint injection for equine joint injury and control 
of early arthritis. Ultimately, we hope to return horses with possible career-ending joint injury back to 
being competitive athletes without the need for repeated injection, risk of aberrant drug tests, or cost 
of surgery. 
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LAY SUMMARY  
The Research Problem 

 
Lameness is the leading cause of retirement across all 
horse breeds and disciplines.  More specifically, 
lameness due to osteoarthritis (OA) is responsible for 
more than 60% of all equine lameness [1], and it is the 
second leading cause of race horse retirement [2].  Joint 
injury in horses often first manifests as a synovitis.  
Synovitis is simply a term for inflammation (-itis) of the 
synovial membrane (synov-). The synovial membrane is 
the highly vascular, secretory membrane that lines the 
inside of every joint capsule (Fig. 1). It secretes the 
important lubricating molecules lubricin and hyaluronic 
acid (HA) that enable joint fluid to lubricate, nourish and 
protect articular cartilage. However, when the synovial 
membrane is inflamed, production of lubricin and HA is 
impaired.  If left untreated, synovitis can progress to more 
severe joint disease, including a chronically thickened 
joint capsule, osselets (thickening due to inflammation of 

the villonodular pad in the front of the fetlock joint) and, 
eventually, cartilage damage, bone spurs, and end-stage 
joint space collapse.  Furthermore, synovitis often 
accompanies other joint pathology in racehorses, 
including palmar osteochondral disease (POD, or 
‘racehorse fetlocks’), subchondral bone sclerosis (brittle 
third carpal bone or condyle, predisposing to slab fractures 
and condylar fractures), and chip fractures. 
   

 
Unfortunately, equine veterinarians and horse owners are 
limited in their options to delay, halt or even potentially 
reverse joint disease.  The majority of currently available 
joint medications are directed against inflammatory 

signaling pathways and are, at best, palliative.  Furthermore, although corticosteroids are potent anti-
inflammatory molecules and have a place in the treatment of joint disease, they also impair the 
immune response.  In some cases, certain corticosteroids can even be detrimental to articular 
cartilage.  Corticosteroids and NSAIDs do nothing to restore normal joint fluid lubricating ability.  
Maintaining normal joint lubrication is essential to preventing cartilage damage, release of matrix 
degradation products, and expression of inflammatory cytokines that lead to the induction and 
progression of OA.  Lubricin, a naturally occurring glycoprotein in the joint, is critical for both joint 
lubrication and anti-inflammatory activity.  Lubricin, unlike hyaluronic acid (HA) or other synovial fluid 
molecules, physically binds to the surface of articular cartilage.  Through binding to the surface of 
cartilage, lubricin reduces friction and prevents roughening of the cartilage surface and death of 
chondrocytes, the cells that make up and maintain healthy cartilage.  Humans and rodents that lack 
functional lubricin develop severe, debilitating arthritis at an early age [3–5].  Therefore, there has 
been significant interest in recombinant lubricin as a lubricating, anti-inflammatory and protective 
molecule for joint inflammation and early arthritis. 
 

 
 

Fig. 1.  Diagram of a synovial joint, 

demonstrating the fibrous joint capsule 

and synovial membrane that lines the 

joint capsule.  The synovial membrane 

contains cells that secrete the 

lubricating molecules lubricin and 

hyaluronic acid (HA).  Articular 

cartilage, which lines the ends of the 

bones and provides a low-friction 

lubricating surface, does not have its 

own blood supply and receives all of its 

nutrition from the synovial fluid. 



Goal—Translating Lubricin Therapy to the Horse 
Despite promising results in rodent models 
[6–8], the field has been slow to translate 
lubricin therapy to large animals or veterinary 
clinical trials. This may be, in part, due to 
constraints associated with large-scale 
production of recombinant lubricin in 
quantities sufficient for an equine study. 
Large-scale recombinant manufacture of 
lubricin has been challenging due to multiple 
amino acid repeats in the protein core and 
the high degree of sugar modification, which 
has historically rendered recombinant 
lubricin therapy neither feasible nor 
economical [9, 10]. 
However, we have recently developed a 
novel strategy for production of purified, fully 
glycosylated recombinant lubricin in 
milligram to gram quantities required for 

large animal studies.  This breakthrough overcomes a 
significant hurdle and enables us to address a critical gap 
in existing knowledge.  In the proposed equine studies, we 
will assess the efficacy of recombinant lubricin to mitigate 
lameness and restore synovial fluid lubrication and 

homeostasis following IL-1-induced synovitis.  IL-1 is 
considered to be a “master regulator” of inflammation in 
equine synovitis and early OA [11–14], and we 
hypothesize that induction of synovitis using this 
inflammatory cytokine will dramatically reduce lubricin 
concentrations and impair synovial fluid lubrication 
parameters. 
 

Research Plan 

Our experimental approach utilizes the equine IL-1-induced synovitis model to study how synovitis 
affects synovial fluid lubricants (lubricin and HA), inflammatory cytokines and mechanical properties 
(viscosity and lubricating ability).  In Aim 1, we will assess how these biochemical and lubrication 
parameters correlate with clinically relevant outcome measures, including lameness, effusion and 
range of motion.  Lameness will be evaluated using videographic lameness scoring by two blinded 
observers and using objective gait analysis software (Equinosis Lameness Locator).  In Aim 2, we 
will evaluate the ability of intra-articular injections of recombinant lubricin to limit catabolic cytokine 

expression, restore synovial fluid lubrication and reduce clinical signs of lameness in equine IL-1-
induced synovitis using similar methodology as Aim 1.  We expect these early pilot studies to provide 
a baseline for the establishment of safety and efficacy of intra-articular lubricin therapy in the horse, 
which will springboard evaluation of lubricin therapy to future clinical trials in equine patients.  The 
long-term objective of this research is to make recombinant lubricin therapy available to equine 
veterinarians and horse owners for the treatment of synovitis and early joint injury.    
  

Fig. 2.  Diagram of lubricin, a mucinous 

glycoprotein secreted by the synovial 

membrane.  Lubricin is unique in that it 

lubricates and protects cartilage both 

by physically binding to the cartilage 

surface and by its presence in synovial 

fluid itself.  The mucin-like domain in 

the center of lubricin is a highly 

glycosylated (sugar-rich) region, 

responsible for the lubricating and anti-

inflammatory properties of lubricin. 
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LAY SUMMARY  
Rationale  
This proposal focuses on developing a safe, cost-effective, alternative therapy for the control and 
prophylaxis of equine herpes virus type 1 (EHV-1) infection based on the antimicrobial properties of 
equine mesenchymal stromal cells (MSC). EHV-1 outbreaks occur by spreading of the virus from 
the infected horse to in contact horses, primarily via nasal shedding. We rationalize that an antiviral 
therapy applied to the nasal passages will limit local EHV-1 replication and shedding, thus reducing 
the spread of infection both within the infected animal as well as to other horses. Preliminary data 
from our lab indicate that equine MSC secrete bioactive factors which inhibit EHV-1 replication in 
two dimensional (2D) cell culture systems in vitro. We have also found that factors secreted by MSC 
can enhance the protective responses of host cells in the context of an EHV-1 infection. These data 
led to our hypothesis, namely that MSC secreted factors applied to equine nasal mucosa can control 
EHV-1 infection by directly inhibiting viral replication and/or preventing viral-induced host cell 
damage, both in vitro and in vivo.  
 
Background 
EHV-1 is an ubiquitous pathogen that continues to cause outbreaks worldwide [Lunn et al 2009]. For 
example, the Equine Disease Communication Center (EDCC) website has reported on close to 20 
outbreaks in the United States and Canada thus far in 2017 (from January through June). Recent 
data showed that racing horses are over-represented among EHV-1-positive animals compared to 
the control study population [Pusterla et al 2016], which could be related to the fact that latent EHV-
1 infection appears to be detected at a higher frequency in Thoroughbreds [Pusterla et al 2009]. 
EHV-1 infection can lead to respiratory disease, abortion, and the neurologic condition named equine 
herpesvirus myeloencephalopathy (EHM) [Lunn et al 2009].  
 
At present, there is no proven effective treatment for EHV-1 infection in horses, and dealing with an 
outbreak consists mainly of management and supporting therapy [Lunn et al 2009]. Vaccination in 
the face of an EHV-1 outbreak has been reported, but is controversial. Moreover, none of the 
currently available antiviral drugs are completely effective against EHV-1 and major drawbacks 
include the high cost of treatment, viral resistance to drugs, and drug toxicity [Maxwell et al 2017]. 
This highlights the need to explore novel and alternative agents to effectively prevent and treat EHV-
1 infections in horses. 
 
The therapeutic benefits of mesenchymal stem cells (MSC) have received increasing attention in 
recent years. Equine MSC are routinely used by equine practitioners to treat musculoskeletal 
disorders [Schnabel et al 2013], although non-orthopedic clinical applications are also actively being 
explored [De Schauwer et al 2013]. Our lab has reported in vitro data showing that factors secreted 
by MSC may improve equine wound healing [Bussche & Van de Walle 2014, Bussche et al 2015, 
Harman et al 2017a]. Interestingly, we are the first to demonstrate that equine mesenchymal stromal 
cells (MSC) secrete bioactive factors that can inhibit the growth of various bacteria commonly found 
in equine wounds [Harman et al 2017b]. This finding prompted us to perform experiments designed 
to study the effects of MSC secreted factors, collected as conditioned medium (CM), against other 
equine pathogens of economic importance, such as EHV-1. Our preliminary data indicate that equine 
MSC-derived secreted factors inhibit EHV-1 replication in 2D cell culture systems in vitro. In addition, 
we found that factors secreted by MSC can enhance the protective responses of host cells in the 
context of an EHV-1 infection. Based on these data, we now propose to determine if intranasally 
applied MSC secreted factors can be used to inhibit EHV-1 replication and viral-induced host cell 
damage, and thus viral shedding in vivo, with the goal of controlling and preventing the spread of 
EHV-1.  
 



Importance to the Equine Industry 
According to Vetary, an agency specializing in loans and insurance to cover veterinary expenses, 
the average cost of treating a clinical case of EHV-1 is $5,000. In addition to costs directly associated 
with veterinary care, EHV-1 infections contribute to economic stress due to missed events and the 
need to quarantine affected animals. Despite widespread vaccination, EHV-1 outbreaks continue to 
occur and no efficacious antiviral treatment is currently available. Management of outbreaks consists 
mainly of isolating clinically affected animals to prevent further infection of healthy in-contact animals 
[Lunn et al 2009]. The high economic cost of EHV-1 infections combined with the lack of effective 
options to contain infection and prevent outbreaks, leads to the need for low-cost, novel therapies to 
control the spread of EHV-1. Naturally-produced factors secreted by equine MSC may serve as a 
safe, practical and effective therapy to inhibit EHV-1 replication, ultimately reducing viral shedding 
and the spread of disease.  
 
Objectives and Experimental Approach 
The broad objective of this proposal is to develop a novel therapy for the control and prophylaxis of 
equine herpesvirus type 1 (EHV-1) infections. Based on our preliminary data demonstrating that 
equine MSC secreted factors can significantly reduce EHV-1 replication in infected cells and can 
enhance the protective responses of host cells in vitro, we propose that these MSC-derived factors 
can be used as a short-term prophylactic and/or during outbreaks to protect contact animals.  
  
To test this, we propose the following 2 specific aims: 
Aim 1: Test the efficacy of MSC secreted factors against EHV-1 in vitro. Our preliminary data show 
antiviral activity of MSC secreted factors against EHV-1 in 2D cell culture systems. These 
experiments will be repeated using additional EHV-1 pathotypes (ie. neuropathogenic and non-
neuropathogenic strains). Results will then be validated in equine nasal mucosa explants; 
physiologically relevant three-dimensional (3D) respiratory culture models that closely mimic the in 
vivo environment, and which we have used successfully in the past for EHV-1 studies. These 3D 
cultures will be analyzed for EHV-1 replication in both epithelial cells and resident immune cells, and 
epithelial integrity will be analyzed. Completion of this aim will provide us with in-depth information 
regarding the direct antiviral effects of MSC secreted factors as well as indirect effects of factors 
secreted by MSC on EHV-1-induced host cell damage in vitro. 
 
Aim 2: Test the efficacy of MSC secreted factors against EHV-1 in vivo. We found that we can 
lyophilize MSC secreted factors without losing activity upon reconstitution. This provides us with a 
readily available, shelf-stable product that can be applied to horses intranasally. To begin testing the 
prophylactic and therapeutic efficacy of MSC secreted factors in horses, we will apply them 
intranasally at 24h before, 24h after, and at the time of EHV-1 infection. A vehicle control will also be 
included. Efficacy will be evaluated based on clinical and virological parameters including nasal virus 
shedding, induction of fever, and viremia, as well as local immunological parameters. Completion of 
this aim will provide us with the first in vivo data on the efficacy of factors secreted by MSC to control 
EHV-1 infections. 
  
This is the first study to focus on the antiviral properties of equine MSC secreted factors against 
EHV-1. The in vitro and in vivo data generated will provide the scientific foundation for developing 
and implementing strategies to reduce the negative impacts of EHV-1 infections in horses. In the 
long term, and if the proof-of-concept in vivo study proposed here is successful, the equine MSC 
secreted factors have potential as a cost-effective, off-the-shelf, biological alternative therapy or 
therapeutic adjunct to control EHV-1, and possibly also other infections important to the equine 
industry. 
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LAY SUMMARY  
Ongoing equine herpesvirus type 1 (EHV-1) outbreaks, including several cases of equine 
herpesvirus myeloencephalopathy, emphasized the fact that currently available EHV-1 vaccines are 
not fully protective, and outbreaks occur frequently despite vaccination. Thus, the development of 
effective EHV-1 vaccines and vaccination strategies is required to better protect the horse population 
against EHV-1 and the owners and equine industries from economic losses induced by EHV-1 
outbreaks. 
 
Most horses are first infected with EHV-1 either as foals or weanlings and remain latently infected 
for life. Latently infected lactating mares act as reservoirs of the virus, infecting their foals, which in 
turn infect other foals and weanlings. Early-in-life vaccination is a desirable approach to protect 
neonates and young foals from transmission of and infection with EHV-1. However, neonatal and 
young foal vaccination is a challenging task because they show delayed or weak immune responses 
to conventional vaccines. Because early in life responses to all major horse vaccines are significantly 
reduced in foals, first vaccination is generally recommended between 4-6 months of age (Equine 
Vaccination Guidelines 1; www.aaep.org). For available, commercial EHV-1 vaccines (called 
‘conventional vaccines’ in this proposal), the first dose should be followed by two booster 
vaccinations with 4-6 weeks between first and second doses and the third dose at 10-12 months. 
The vaccination recommendation is the same for inactivated and modified-life vaccines. Following 
these recommendations, maternal antibodies have almost entirely disappeared from the foal’s 
circulation at the time of first vaccination, leaving a gap of weeks during which the foal is poorly 
protected from infection with major pathogens including EHV-1. 
 
Various parameters influence the immune response of foals early in life including a reduced T-helper 
(Th) cell response and modified cytokine profiles to most antigens compared to adult horses. We 
have previously shown that foal Th2-responses, the major activators of B-cells and antibody 
production, are almost undetectable in neonates and are still approximately 10-fold reduced in foals 
at three months of age than corresponding adult responses 2. Most available vaccines stimulate B-
cells via Th2-cell activation, the major mechanism to induce production of antibodies in adults (Figure 
1). Considering the impaired Th2 response of neonatal and young foals, it is thus not surprising that 
foals respond poorly to many conventional vaccines during the first months of life. Our previous 
results have shown that neonatal innate immune cells are important producers of cytokines, such as 
the so-called ‘Th2-cytokine’ interleukin-4 (IL-4), which is required to induce long-lasting B-cell 
memory and antibodies. We identified the innate IL-4 producing cells as basophils 3. Based on these 
results, we hypothesized that an alternative IL-4 induction pathway by basophils replaces the 
classical adult Th2-response in neonates and young foals for starting antibody production early in 
life. We explored this principle in our previously project funded by the Harry M. Zweig Memorial Fund 
for Equine Research (‘A Novel Strategy to Boost Antibody Production to EHV-1 in Neonates). 
 
The outcomes of the previous projects were: (1) the basophil pathway was not required for the 
induction of neonatal B-cell memory; (2) however, a simple vaccine dose of IL-4/EHV-1 antigen was 
sufficient to induce neonatal memory B-cells; (3) these neonatal EHV-1 specific memory B-cells cells 
were long-lasting and resulted, after experimental EHV-1 infection at 7 months of age, in an earlier 
activation and overall higher amounts of antibodies than in non-vaccinated control foals, and (4) the 
neonatal vaccine offered partial protection from disease indicated by a reduced initial fever after 
EHV-1 infection 4. 



 
 

 
 
 
To summarize the previous paragraphs of immunological detail: 
The neonatal immune system reacts differently to infection than that of adults and, if induced, 
neonatal adaptive immunity is often less strong and of shorter duration. For neonatal vaccine 
development, it is thus important to identify and target immune mechanisms that the neonate is fully 
capable to perform. An effective neonatal vaccine needs to be optimized for effective immunity in 
this young age group. In many cases, a protective neonatal immune response will not completely 
mimic the adult’s protective response against the same pathogen. 
 
The goal of this project is to optimize neonatal vaccination using the mechanism of memory B-cell 
induction by IL-4/EHV-1 antigen identified by our group during the previous Zweig project. In this 
project, we will perform neonatal vaccination with IL-4/EHV-1 antigen after birth, followed by 
conventional vaccination at 3 months of age to further expand the B-cell memory and also provoke 
protective antibody production at this time. The additional vaccination step at 3 months of age is 
different from our previously performed works. It aims to activate high EHV-1 specific antibody 
amounts at 3 months of age, a time when foals respond still weakly to conventional vaccination and 
maternal immune protection has substantially declined. We will test the success of this vaccination 
strategy by an experimental infection at weanling age aiming for full protection from EHV-1 infection. 
 
If successful, the combined neonatal vaccination strategy with IL-4/EHV-1 antigen at birth followed 
by conventional EHV vaccination at the time before maternal antibodies vanished completely can 
close the current gap of poor protection from EHV-1 infection in young foals and weanlings. In 
addition, the new vaccination principle tested here could be directly transferred into practice without 
much delay and it is likely applicable for other horses pathogens.  

Figure 1: Immunological mechanism for B-cell 
activation in adults and the proposed 
mechanisms of neonatal memory Bcell induction 
by IL-4/EHV-1 antigen. In adult horses, EHV-1 
specific B-cells are activated by several 
simultaneous events: the recognition of EHV-1 by the 
B-cell receptor, close molecular interaction with an 
EHV-1 specific T helper (Th2)-cell, the subsequent 
IL-4 production by the Th2-cell and further activation 
of the B-cell by IL-4 via IL-4 receptors. As the result, 
memory B-cells and antibody producing plasma cells 
are developed. In the neonatal foal, Th2 cell 
responses are impaired. Our previous results have 
shown that an IL-4/EHV-1 antigen alone can induce 
memory Bcells in neonatal foals. These EHV-1 
specific memory B-cells are still exist at 7 months of 
age and result in high antibody responses after re-
activation. 
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Principal 

Investigator 

Report 

Type 

Title 

Antczak, Douglas  Final Functional gene annotation in the horse  

Antczak, Douglas  Final Cellular Immunity to Equine Herpesvirus Type 1 

(EHV-1) 

Cheetham, Jonathan  Final Regenerative approach to recurrent laryngeal 

neuropathy 

Cheetham, Jonathan  Final Accelerating recovery after Laryngeal Nerve Graft 

Fortier, Lisa  Final Does Intra-Articular Stifle Anesthesia Alleviate Lower 

Limb Lameness? 

Reesink, Heidi  Final Quantitative Computed Tomography and Bone 

Quality Assessment for the Prediction of Fetlock 

Breakdown Injuries in Racehorses 

Van de Walle, 

Gerlinde  

Final Microencapsulated Stem Cells to Promote Wound 

Healing 

Wagner, Bettina  Final Effects of equine herpesvirus (EHV) vaccination 

frequency on host immunity on EHV-1 

Ducharme, Normand  Progress Two-Day Tie-Back (Injection Laryngoplasty); Proof 

of Principle 

Johnson, Philippa  Progress Equine Brain White Matter: A Comparative 

Tractography and Gross Dissection Study 

Perkins, Gillian  Progress Validation of an Equine Stall-side Major Crossmatch 

Test 

Reesink, Heidi  Progress Proximal Sesamoid Bone Microdamage and 

Fracture Toughness in Thoroughbred Racehorses 

Fubini, Susan  Progress The Relationship between Obesity and Post-

Operative Incisional Infections Following Abdominal 

Surgery in the Horse 

Mohammed, Hussni  Progress Factors Associated with Musculoskeletal Injuries & 

Catastrophic Events in Racing Horses  

Nixon, Alan  Progress Next Generation Arthritis Control through Lubricin 

and IL-1 Receptor Antagonist Overexpression in 

Carpal OA 



Harry M. Zweig Memorial Fund for Equine Research  

2018 Final Report for Zweig Committee  
 

Principal Investigator: Dr. Douglas Antczak 

Title: Functional gene annotation in the horse 

Project Period: 1/1/17 – 12/31/18 

Reporting Period: 1/1/17 – 12/31/18 

 

Investigators:  Douglas F. Antczak, VMD, PhD (PI); Charles D. Danko, PhD (Co-PI) 

A. Specific Aims of the Study and Modifications     

Specific Aims: If the aims have not been modified, state so. If they have been modified, provide the 
revised aims and the reason for the modification.   
 
This project was designed to identify regulatory elements in the equine genome using an exciting 
new technique developed by Dr. Charles Danko. Chromatin Immunoprecipitation and Sequencing 
(ChRO-seq) is an adaptation of Global Run-on and Sequencing assays developed here at Cornell. 
We tested horse samples using CH-RO-seq and comparing the data with results generated by other 
members of the Equine Genome research consortium who are using older ENCODE methods under 
the international Functional Annotation of Animal Genomes (FAANG) collaboration.  

Specific Aims: The aims shown are essentially the same as originally submitted. We made a few 
small changes (see strikethroughs below).  

Aim 1: To identify equine placenta-specific functional elements. We would define and compare 
tissue-specific regulatory elements in equine invasive (chorionic girdle) and non-invasive 
(allantochorion) trophoblast. We would analyze this data in the context of gene expression 
patterns that we have established previously in the Antczak lab.  

Aim 2. To identify functional regulatory elements in horse CD4+ T-cells. We would characterize 
functional regulatory elements from equine CD4+ T-cells isolated from peripheral blood using 
horse-specific monoclonal antibodies and FACS sorting magnetic bead separation 
techniques and compare this data with results from studies of human CD4+ T-cells by Co-PI 
Danko.  

Aim 3. To directly compare the Cornell GRO-seq / bioinformatic approach with established 
ENCODE techniques. We would characterize regulatory elements in samples of equine liver 
unseparated Peripheral Blood Lymphocytes from two horses under study for the equine 
ENCODE project (called FAANG) at the University of California at Davis.   

 

B. Summary of Scientific Findings 

Describe the studies directed toward the specific aims and the positive and negative results obtained. 
If applicable, address any changes to the innovative potential of the project. If technical problems 
were encountered in carrying out this project, describe how your approach was modified. 
 
We have made excellent progress in all three aims (described below) and we encountered no 
significant problems or obstacles.  
 
Our productivity from this project has been very good:  
3 invited presentations at international conferences 
1 successful bid to host the 2020 Equine Genome Workshop at Cornell ($35,000) 
Successful renewal of this Zweig project for an additional two years 
Preparation and submission of NIH proposal on this topic (Feb 2019, to be reviewed in June 2019).  
 
We tested four equine tissues in the ChRO-seq assay: (1) invasive (chorionic girdle) and (2) non-
invasive (chorion) placental trophoblast samples from day 34 horse conceptuses; (3) CD4+ T-cells 
purified by fluorescence activated cell sorting; and (4) liver. The placenta and lymphocyte samples 



were from horses in the Baker Institute experimental herd; the liver samples were from the reference 
tissue bank of the equine component of the FAANG Consortium (Burns et al., 2018) (Table 1). The 
biochemical and molecular procedures used to isolate chromatin from frozen tissue samples, 
conduct nuclear run-on assays, and convert the unprocessed RNA transcripts to cDNA libraries for 
Illumina sequencing were conducted using the ChRO-seq protocol (Chu et al., 2018). Our data is of 
very high quality and also robust and reproducible. Fig. 1 shows the overall correlations of gene 
expression data between replicate tissues samples.  
 

Table 1: Summary of horse samples tested by ChRO-seq. 
Tissue Samples # Illumina reads 

per tissue 
# of genes detected per 

tissue (merged replicates) 
Avg # gene body 
counts per gene 

Chorionic Girdle Placenta:  Replicate 1 50,549,287 11,855 330 

Chorionic Girdle Placenta:  Replicate 2 42,388,046   

Chorion Placenta:               Replicate 1 47,664,138 11,488 218 

Chorion Placenta:               Replicate 2 42,445,334   

CD4+ T Lymphocyte:          Replicate 1 51,269,738 10,865 334 

CD4+ T Lymphocyte:          Replicate 2 57,009,792   

Liver:                                   Replicate 1 54,238,882 13,085 461 

Liver:                                   Replicate 2 58,664,361   

 
Fig. 1 (left). Spearman Rank correlation 
for matched samples used in ChRO-seq 
experiments under this project. 
Correlations shown are for RNA-seq data 
from Illumina sequencing.  
 
 
 

 
Overall Data Analysis: Illumina reads (fastq files) from Table 1 were mapped to the horse genome 

using the Danko Lab script proseqMapper.bsh. Output 
from the mapping included bigWig files used in several 
downstream analyses. We determined differential gene 
expression between the various tissues using the Danko 
Lab Differential Gene Expression (DGE) tool. We 
compared expression of all detected genes across 
the three main tissue types (placenta, lymphocytes, 
and liver). Invasive and non-invasive trophoblast data 
were pooled for this analysis. We found varying numbers 
of tissue-specific genes in all three tissues, ranging from 
181 in CD4+ lymphocytes to 1000 in liver (Fig. 2). We 
also determined the gene body counts shown in Table 1 
using this bioinformatics program. We detected 
expression of 13,000 genes in the liver samples (Table 
1), and 1,000 of them were not expressed by either our 
placenta or CD4+ lymphocyte samples (Fig. 2). 

Fig. 2 (left). Venn diagram showing various shared and tissue specific gene sets among the three 
tissues tested using ChRO-seq.  
 

We used the Danko Lab dREG (Discriminatory Regulatory Element Detection) analysis online 
tool (https://dreg.dnasequence.org/home) (Wang et al., 2018) to identify putative regulatory 
elements present in our data. This program creates a new bigWig file with peaks indicating locations 
of putative promoters and enhancers (example in Fig. 3). Images from several tracks have been 
edited, grouped, and annotated to show the features of dREG.  
 
  

https://dreg.dnasequence.org/home


Fig. 3. Example of horse ChRO-seq 
output tracks on the UCSC Genome 
browser for the beta-2 microglobulin 
(B2M) gene. Reading from the top, the red 
circles show chromosome location and the 
middle exon of B2M. Five tracks are 
displayed: 1) + strand in red; 2) – strand in 
blue; 3) dREG track for placenta (invasive 
trophoblast of the equine chorionic girdle); 
4) dREG track for CD4+ T-cells; and 5) 
dREG track for liver. A red arrow marks the 
transcriptional start site. A second red arrow 
shows transcription on the non-coding 
strand. Yellow columns indicate regions 
containing dREG peaks (sites of putative 
enhancers). Note the differences in the 
peaks between the three tissues. Orange 
arrow at bottom shows direction of 
transcription.  

 
The dREG bigwig files (tracks) were further screened using the Danko Lab Transcription Factor 
(TF) Motif Enrichment tool, using data from a stored library of 498 horse TFs in CISBP (Weirauch 
et al., 2014). There were 35 TFs identified as enriched in the chorionic girdle dataset using 
stringent statistical cutoffs: p<0.01 (data not shown). The program produces outputs with the TF 
motif ID, TF Name, p-value, enrichment factor, and motif sequence logos (Figure 4).  

 
Fig. 4. Example 
of Transcription 
Factor Motif 
Enrichment. 
Enriched TF 
binding motifs 
with enrichment 
factor and 
statistical 

significance are identified.  Sequence motif logo shows ratio of nucleotide identities within the binding site. 

 
Finally, we used the Danko lab Transcription Factor (TF) Target tool, which identifies putative 
regulatory sites based on the combination of three criteria described earlier. Satisfying these three 
criteria simultaneously increases the likelihood that the dREG peak under consideration is in fact a 
functional regulatory element. Applying these three criteria in a comparison of our invasive and 
non-invasive trophoblast samples yielded a list of 5 transcription factors, 4 of which had previously 
been associated with placental development (Table 2). These factors were associated with 3,800 
binding site/transcription factor combinations related to 1,200 statistically significant genes that were 
enriched in invasive versus non-invasive trophoblast (data not shown). 
 
Table 2. Five transcription factors enriched in invasive trophoblast dataset using TF Target 
tool.  

# TF Name / Gene family Prior association 
 with Trophoblast?  

Reference 

1 GATA2 GATA binding protein 2 Yes (Krendl et al., 2017) 

2 GATA3 GATA binding protein 3 Yes (Home et al., 2017) 

3 NFAT5 Nuclear factor of activated T cells 5 Yes (Dobierzewska et al., 2015) 

4 BCL6 B cell CLL / lymphoma 6 Yes (Than et al., 2018) 

5 RXRB Retinoid X receptor beta No, but important in 
embryo development 

(Dolle, 2009) 

 
  



Comparison of ChRO-seq with ENCODE methods in use by the FAANG community  
Stand-alone analysis of ChRO-seq datasets: We employed six bioinformatic tools from the pipeline 
developed by the Danko lab to analyze our data. The tools generate genome viewer tracks and lists 
of differentially regulated genes, identify transcription factors, transcription factor binding sites and 
their targets, linc and E RNAs, and impute histone modifications on a genome-wide basis. Our 
collaborators in the UC-Davis equine FAANG group are assessing four histone marks using ChIP-
seq (H3K4me3, H3K4me1, H3K27ac, and H3K27me3), and chromatin accessibility using ATAC-
seq. This data has been shared with us, which we displayed with our ChRO-seq data obtained from 
the same liver samples. Here we show dREG peaks from the beta-2 microglobulin (B2M) gene 
shown earlier in Fig. 3 with H3K27ac ChIP-seq and ATAC-seq tracks (Fig 5). We then determined 
the genome-wide correlation between regulatory regions (Transcriptional Start Sites [TSS] and distal 
regions [putative enhancers]) identified in the equine FAANG H3K27ac dataset with dREG peaks 
identified by ChRO-seq (Fig. 6). The resulting heatmap “tornado” plots look very similar to plots 
published recently by the Danko group which compared similar variables in human K562 cells (Wang 
et al., 2018). This is highly promising and strongly supports our hypothesis that ChRO-seq can be 
used to identify regulatory elements on a global basis across the genome.  
 

 
 
Fig. 5. Comparison of ChRO-seq peaks 
with H3K27ac ChIP-seq and ATAC-seq 
tracks tested on the same horse liver 
samples. Note the well-defined ChRO-
seq peaks that identify the transcriptional 
start site and three putative enhancer 
regions. Only the TSS was clearly 
identified by ChIP-seq and ATAC-seq 
(yellow highlight).  

 
 
 
 
 

 
 
 
 
Fig. 6. Heatmaps of log-signal intensity of 
H3K27ac compared to ChRO-seq data. Human 
K572 cell line data and image from (Wang et al., 
2018). The fraction of sites intersecting ENCODE 
peak calls is shown in the white-black color map 
beside each plot. Color scales for signal and the 
fraction of peak calls are shown below the plot. Each 
row represents transcriptional initiation regions (TIRs) 
found overlapping an annotated transcriptional start 
site (n = 15,562) or > 5kb to a start site (n = 43,127). 
Heatmaps from duplicate horse liver samples are 
also displayed.  

 
 
 
Comparison of data from placenta and lymphocytes 
Wet Lab Methods: We isolated the horse CD4+ T-cells shown in Table 1 and Figs 2 and 3 by flow 
sorting. We detected no gene expression of CD8+ T-cells, B-cells, or monocytes in the RNA-seq 
data (not shown). The purified CD4+ T-cells were subjected to ChRO-seq protocols as described 
earlier.  
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Bioinformatic analyses: In Fig. 7 we show tracks of positive and negative (direction of transcription) 
strands, and dREG peaks in chorionic girdle (invasive trophoblast) and CD4+ T-cells for the chorionic 
gonadotrophin alpha chain gene (CGA). Our data from the horse shows clear expression in CD4+ 
T-cells, and distinct dREG regulatory regions peaks compared to trophoblast tissue. In separate 
studies we have verified CGA expression in horse CD4+ T-cells using single cell RNA sequencing 
(data not shown). This expression pattern for CGA has not been described before in any species. It 
is an unusual twist on the well-known co-option of expression of immune system genes in the 
placenta (Brosnahan et al., 2012).  

 
 

Figure 7. ChRO-Seq tracks identifying unique 
regulatory peaks in chorionic girdle trophoblast and 
CD4+ T-cells for the CGA gene. CGA (common alpha 
chain of FSH, TSH. LH, and eCG). Circles identify unique 
regulatory peaks in each tissue. 
 
These results demonstrate our ability to use ChRO-
seq to identify putative regulatory regions genome 
wide and to extract new and relevant information from 
this type of data.  
 
 

C. Significance 

Emphasize the significance of the findings and their potential impact. 

Our tests of the ChRO-seq system hold promise for accelerating the pace of characterization of 
regulatory elements in the horse genome, and in other domestic species. The results thus far have 
met our high expectations. We continue to make progress on this project.  

D. Publications and Other Grant Submissions 

If applicable, report publications resulting from the study, including manuscripts submitted or 
accepted for publication, and submissions and/or external grants resulting from the award. 
 
Submitted grant proposals:  
1) Zweig Renewal of this project, submitted September 2018; outcome: funded for two years 
beginning 1 January 2019.  
 
2) NIH grant application: R01HG010886, Functional Annotation of Animal Genomes using ChRO-
seq,  
submitted 5 February 2019 to the NIH Comparative Genomics Program; Study Section review 
scheduled for early June 2019.  
 
3) Havemeyer Foundation Horse Genome Project 13th International Workshop, successful workshop 
bid made in January 2019; Cornell will host this workshop in Summer 2020; total funding amount: 
$35,000  
 
Presentations at international conferences: 
1) Dr. Danko gave an invited Keynote Address on this project at the International Society for Animal 
Genetics conference in Dublin, Ireland in July 2017. 
 
2) Dr. Antczak was invited to present results from this project during the 12th International Horse 
Genome Project Workshop in Pavia, Italy in September 2018.  
 
3) Dr. Antczak was invited to present data from this research during the FAANG (Functional Analysis 
of Animal Genomes) Workshop at the Plant and Animal Genome conference in San Diego in January 
2019.  

Chorionic	Girdle	

CD4+	T-cells	

Chorionic Gonadotrophin Alpha
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A. Specific Aims of the Study and Modifications  

Aim 1) To determine whether immunization with a commercial live modified EHV-1 vaccine will 
induce T-cell immunity specific for peptides of the EHV-1 IE protein. We would use classical CTL 
assays with effector T-cells from MHC homozygous horses of the ELA-A2 and ELA-A3 haplotypes 
tested against P-815 target cells co-transfected with individual horse MHC class I genes and the 
EHV-1 IE protein. 
 
Aim 2) To test whether immunization of horses with a modified vaccinia virus Ankara (MVA) 
construct that expresses the EHV-1 IE protein will induce T-cell-mediated immunity in ELA-A2 and 
ELA-A3 horses. As a read-out we would use classical CTL assays to demonstrate lytic effector 
function and two other assays of T cell activation: an intradermal tuberculin-like test that relies on 
reaction to overlapping 20-mer peptides from the IE protein, and an ELISPOT to determine the 
frequency of interferon-gamma producing CTL that are specific for peptides of the EHV-1 IE protein.  
 
Progress in this project was hampered by the unanticipated resignation of Dr. Rebecca Tallmadge 
from her research post at Cornell University in July 2017. Dr. Tallmadge took another full time 
position in the Cornell Animal Health Diagnostic Laboratory. Although Dr. Tallmadge has not been 
able to work on this project, she has remained a valuable consultant. This loss of personnel delayed 
the start of our experiments and prompted us to request a No Cost Extension of this grant.  
 
A second setback has affected Aim 2. We have been unable to obtain the modified vaccinia virus 
Ankara (MVA) construct that expresses the EHV-1 IE protein. This construct was developed by two 
separate investigator groups who had published on its use in immunizing horses. When we 
requested the construct from those scientists, neither group was able to supply the construct. We 
therefore decided to test the samples from horses immunized with the modified live vaccine using 
the assays outlined in Aim 2.  
 
B. Summary of Scientific Findings 

For this study we are using a group of purpose-bred research horses from the Baker Institute 
experimental herd of Major Histocompatibility Complex (MHC) homozygous horses. These unique 
horses are essential for studies of equine T-cell immunity. The experimental design for our 
vaccination study is shown in Figure 1. We have vaccinated a total of 12 horses, six of the ELA-A2 
homozygous line, and six of the ELA-A3 homozygous line (Table 1), using the commercial modified 
live vaccine for EHV-1. Six additional ELA-A2 or ELA-A3 horses were left unvaccinated and serve 
additional controls.  
 
Blood for serum from all of the horses was obtained on Day 0, prior to the first vaccination, and then 
on Day 21, just prior to the second vaccination, and finally on Day 35, two weeks after the booster 
vaccination (Fig. 1). The serum samples were tested for serum neutralizing antibody to EHV-1. The 
antibody titers are shown in Table 1, and also in Figures 2-4. It is noteworthy that the young horses 
from our herd that had never been vaccinated against EHV-1 or EHV-4 showed no antibody titers 
prior to vaccination. They also made very weak responses compared to the older horses that had 
been vaccinated several times during their lives but not for at least one year prior to the start of this 
experiment. The rising antibody titers in the vaccinated animals indicate that they had all responded 
to the vaccine, but the antibody levels alone provide no information about the T-cell responses of the 



horses. There was no change in the antibody titers of the unvaccinated horses during the course of 
the study. There is a suggestion in our data that horses of the ELA-A2 MHC type may make stronger 
responses to EHV-1 than horses of the ELA-A3 MHC type (Fig. 3). 
 
In addition to the serum samples, large blood draws were obtained from the 12 vaccinated horses 
at Day 0, and then at Days 14, 21, and 35 of the study (Fig. 1). Lymphocytes were isolated from the 
blood and frozen in liquid nitrogen for testing at a later date. From each blood draw at least 500 
million lymphocytes were frozen from each horse in several vials. This will permit testing and re-
testing of any sample.  
 
Figure 1. Experimental design for this study.  

 
Table 1: Serum neutralization antibodies titers to EHV-1 after vaccination with Modified Live 
Vaccine 

Vaccinated 
Horses    

Vaccination 
1 

Vaccination 
2  

Horse ID # Name MHC YOB Day 0 Day 21 Day 35 
3729 Twilight A3 2004 1024 2048 2048 

3880 Cayenne A3 2006 256 512 4096 
3908 Pearl A2 2007 384 512 2048 

3919 Gypsy A2 2007 768 3072 12288 

4067 Farrah A2 2009 384 1024 6144 
4231 Fiona A3 2011 96 128 256 

4753 Maya A2 2014 12 256 1024 
4954 Siggy A3 2015 64 384 1536 

4966 Khaleesi A2 2016 24 384 384 

4970 Sansa A3 2016 16 96 128 
4986 Hayley A3 2017 16 48 128 

4988 Finale A2 2017 3 48 64 
Average Titer 253 709 2512 



 

Control 
Horses       

3474 Bravo A3 1999 128 192 128 

3475 Brownie A2 1999 384 768 1024 

3601 
Allie 
May A3 2001 384 768 512 

3876 Xena A2/? 2006 32 64 48 

3912 Wyatt A3 2007 256 128 192 
4345 Watson A3 2013 96 64 96 

4762 Queen A2/A3 2014 48 24 32 

4953 Freya A2/A3 2015 96 32 64 
Average Titer  178 255 262 

 

 

 
Figure 2. Average titers of all vaccinated horses (blue) vs. all control horses (red).  
 

 
Figure 3. Comparison of antibody titers in the ELA-A2 horses (blue) vs. ELA-A3 horses (red).  
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Figure 4. Comparison of Median Antibody titers in the oldest (blue) vs. youngest (red) horses 
tested. See Table 1 for horse ages and individual titers.  
 
For the analysis of cytotoxic T-cell (CTL) immunity in this study we have been adapting a non-
radioactive assay for use in the horse. The assay is based on the use of the fluorescent cell staining 
dye carboxyfluorescein succinimidyl ester (CFSE). Target cells and bystander cells are labeled with 
two different concentrations of the dye (see Fig. 5 for an example).  

 
 
 
Horse(s):4762 
Cell Concentration: 10x106/mL 
Samples: 1 & 4 
Date: 8/15/18 
CFSE: Antczak (old aliquots) 
CFSE Tube 1 Final Concentration: 0.25μM 
 
 
 

Fig. 5. Example of Target and Bystander cells labeled with two concentrations of CFSE (low, left; 
and high, right). Y-axis shows cell number per channel. X-axis shows fluorescence intensity per 
channel.  
 
The two sets of labeled cells are incubated in vitro in microtiter plates for 4 hours with CTL added at 
varying concentrations, usually ranging from 100,000 to 12,500 CTL per well. Each well contains 
about 50,000 target and bystander cells in a final volume of 0.2 ml.  
 
After incubation the cells are evaluated by flow cytometry. An example of one of our CTL assays is 
shown in Figure 6. The panels from left to right contain decreasing numbers of CTL. In each panel 
the specific target cells were labeled with a high concentration of CFSE. The small size of the high 
concentration peaks of the 3 replicates in the left most panel indicate that most of the target cells 
were killed by the CTL. As the number of CTL decreases in the center and right panels, the height 
of the target cell peak increases, as expected.  
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Figure 6. Example of CTL assay performed using CFSE dye.  
 
Our experiments to test the stored lymphocytes for CTL activity to EHV-1 are continuing.  
 
Thus far under this grant we have published an important paper on identification of the peptide 
binding motifs of classical Major Histocompatibility Complex (MHC) class I molecules of the horse 
(Bergmann et al., 2017). This new information adds directly to the central issues of our project. We 
have also published two other papers on horse MHC polymorphisms that are relevant to the project 
(Miller et al. 2017; Sadeghi et al, 2017).  
 
C. Significance 

This research is developing critically needed knowledge about how the horse immune system 
responds to equine herpesvirus type 1 vaccination and infection. Specifically, the project is 
investigating the cellular and molecular mechanisms that operate to produce the cytotoxic CD8+ T 
lymphocyte (CTL) response to Equine Herpesvirus type 1 (EHV-1). This response is considered to 
be a critical component of immunity to EHV-1. 

In 2018 thus far there have been 51 reports of EHV-1 infections and outbreaks on the Equine  
Disease Communication Center (EDCC) (http://www.equinediseasecc.org/alerts/outbreaks).  
These outbreaks occurred in 33 states (Fig 7, Table 2). 

Figure 7. Map of USA showing states affected in 2018 by EHV-1 outbreaks. Dark states were 
affected; red states have reported no cases of EHV-1 thus far in 2018).  
 
It is clear from this large number of quarantined equine facilities (see Table 2) that EHV-1 continues 
to wreak havoc in the equine industry. Most of the affected horses had been vaccinated against 
EHV-1. This indicates the inadequacy of current vaccines to protect against EHV-1 mediated 
disease, particularly the devastating neurological form. Our current study of T-cell immunity to EHV-
1 should provide important new information that could be incorporated into the design and 
development of vaccines with improved efficacy.  
 

  

http://www.equinediseasecc.org/alerts/outbreaks


Table 2. Listing of EHV-1 outbreaks in 2018 from the EDCC website. 

Date State No. of Horses Disease Type Action 

7 Nov CA 1 Arabian 24 yrs. EHM* Q# 

19 Oct AZ 1 Yearling filly EHM Q 

23 Sept VA 1 QH stallion EHM Q 

22 Sept MD 1 12 yr. Warmblood EHM Q 

07 Aug WA 1 Non-Neuro Q 

09 July NE 1 EHM Q, Euthanized 

29 June CA 1 15 yr. pony mare /1 24 yr. Tennessee Walker EHM / Fever Q 

13 June WA 1 Non-Neuro Q 

31 May ND 1 EHM Q, Euthanized 

29 May TX 1  Resp Q 

23 May ME 1 SB EHM Q, Euthanized 

18 May VA 1 Sport Horse EHM Q 

11 May TX 1 EHM Q 

09 May WA 1 Non-Neuro Q 

09 May TX 1 Barrel Racing EHM Q 

03 May SD 19 yr. QH mare Neuro signs Q 

03 May WY 1 EHM Q 

27 April CA 2 Non-Neuro Q 

26 April WY 1 Barrel Racing EHM Q, Euthanized 

24 April ND 1 EHM Q, Euthanized 

20 April GA 1 miniature mule Resp Dz Euthanized 

20 April CO 1 EHM Q 

19 April MI 1 5 yr. Standardbred EHM Q 

13 April CA 1 17 yr. TB EHM Q 

12 April SD 1 EHM Q 

06 April WA 1 EHM Q 

27 March MI 1 5 yr. Standardbred EHM Q 

21 March NJ 1 EHM Q 

15 March WY 1 EHM Q 

28 Feb VA 1 EHM Q, Euthanized 

28 Feb KY 1 Warmblood mare EHM Q 

26 Feb AZ 1 QH EHM Q 

21 Feb CA 1 TB lead pony EHM Q, Euthanized 

18 Feb NY 1 4yr old TB filly EHM Q, Euthanized 

17 Feb PA 1 EHM Q 

14 Feb KY 1, others affected resp signs virus isolated Resp Dz Q 

13 Feb ID 3 EHM Q, Euthanized 2 

12 Feb AZ 1 EHM Q 

07 Feb ID 1 Neuro / 1 Abortion EHV Q 

07 Feb WA 1 Non-Neuro Q 

06 Feb WV 1 6 yr. QH, Vaccination history unknown EHM Q, Euthanized 

05 Feb OH 4 separate cases EHV Q 

03 Feb KY 1 TB EHM Q, Euthanized 

01 Feb VA 1 EHM Q 

31 Jan ID 1 EHM Q, Euthanized 

30 Jan OR 1 7 yr. old TB EHV Q 

24 Jan PA 1 Standardbred mare EHV / EHM Q 

23 Jan VA 1 EHM Q 

23 Jan MD 1 EHV Q 

17 Jan PA 1 (New Bolton Center) EHV Q 

12 Jan NY 1 3 yr. colt (Ruffian) EHV Q 

 
*EHM = Equine herpes myelitis (neurologic form of the disease) 
#Q = facility quarantined 
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A. Specific Aims of the Study and Modifications     

Specific Aims: If the aims have not been modified, state so. If they have been modified, provide the 
revised aims and the reason for the modification.   
 
No modification. 
 

B. Summary of Scientific Findings 

Recurrent laryngeal neuropathy (RLN, “roaring”) is the most common dynamic upper airway disorder 
in horses with a high prevalence of up to 8% among performance horses 1,2. RLN leads to dynamic 
airway collapse and upper airway obstruction at exercise and hypoxemia 3. Histologically, RLN is 
most severe distally (close to the muscle) where the disease is characterized by axonal loss and 
demyelination with concurrent attempts at reinnervation by axonal sprouting 1,4.  
 
Chronic denervation of the distal portion of the nerve leads to loss of the intimate association 
between Schwann cells (SC) and their axonal processes and a progressive reduction in the capability 
of axons to regenerate 5,6.  As a result of this chronic denervation, RLN results in progressive atrophy 
of the cricoarytenoid dorsalis (CAD) muscle which normally opens the airway by abducting the 
arytenoid and the cricoarytenoid lateralis (CAL) muscle 7,8. Atrophy of the CAD muscle results in 
dynamic airway collapse 9,10. The current surgical standard for treating RLN in horses is a prosthetic 
laryngoplasty which is associated with a modest success rate of 48-68% in racehorses 11,12. The 
reasons for this modest success rate include the static nature of the procedure – the left arytenoid 
cartilage is maintained in a fixed abducted (open) position by a prosthetic suture.  This means that 
the left arytenoid cartilage cannot move to the midline (adduct) to protect the airway during 
swallowing.  This produces compromise of the normal protective mechanisms of the larynx and can 
result in post-operative aspiration of feed, coughing and lower airway inflammation which are the 
most common complications of laryngoplasty 13.  In addition to the loss of these normal protective 
mechanisms, the ventromedial force placed on the laryngoplasty suture during swallowing produces 
a high mechanical load on the cartilage-suture construct and predisposes to post-operative 
abduction loss and failure of the procedure to maintain racing performance. 13,14 
 
A number of alternative approaches have been explored to attempt to ameliorate these complications 
and improve the success rate for prosthetic laryngoplasty in performance horses. All these 
approaches share the goal of restoring physiological function so that the arytenoid only abducts and 
opens the airway to maintain an open larynx during inhalation and exercise; and otherwise remains 
in a resting (adducted) position.  Reinnervation and nerve-muscle pedicle transplant techniques have 
produced positive results in horses. 15,16  However, this approach has two main limitations. Firstly, 
there is a delay of up to 12 months before any improvement in arytenoid function is seen.  Secondly, 
only a small portion of the CAD muscle becomes reinnervated, so muscle force and the ability to 
maintain an open airway is limited.  This is because the atrophied CAD muscle is reinnervated by 
terminal sprouting from the transplanted motor endplates 17 from three to five small nerve-pedicle 
grafts (usually from the second cervical nerve and omohyoid muscle).15,16  This process is slow and 
can only occur over a small distance. A surgical solution that maintains airflow by preserving CAD 
muscle mass and laryngeal function would be associated with improved performance outcomes. 
 



An alternative to nerve-muscle pedicle graft is direct anastomosis of a healthy nerve to a distal nerve 
stump innervating the muscle of interest. This approach is highly effective in acute repair but is less 
effective in chronic denervation when the association between axons and Schwann cells has been 
lost.  Improving functional outcomes using nerve graft after chronic denervation as seen in RLN is 
the focus of this proposal.  Our preliminary data reveal a new therapeutic opportunity for improving 
nerve graft by using modulation of the type of macrophages migrating to the site of injury. 
 
Macrophage populations play a key role in peripheral nerve injury and repair.  Peripheral nerve injury 
produces a well-orchestrated series of events which are essential for successful regeneration and 
functional recovery to occur 18–21. Macrophage accumulation peaks three to seven days after nerve 
repair 22,23 and these infiltrating monocyte derived cells encourage proliferation of SC 24, which fail to 
proliferate and transdifferentiate when nonresident macrophages are excluded from the site of injury 
23. Macrophages are the major cell type in the first few days after injury, and promote development 
of a spatially oriented microvasculature which directs SC migration within the regenerative bridge 22.  
This process is mediated by Vascular Endothelial Growth Factor-A (VEGF-A)22. Macrophages also 
contribute to repair by secreting Transforming Growth Factor-beta (TGFβ), and Interleukin-1 (IL-1), 
which promote proliferation of SC and induce their expression of Nerve Growth Factor (NGF) which 
promotes axonal growth 25. 
 
The macrophage response to tissue injury is highly plastic and heavily dependent on 
microenvironmental cues.  Initial classification of macrophage phenotype was heavily based on 
extreme polarization states induced by in vitro ligands including interferon gamma (IFNɣ, ‘M1’, 
classical activation)26,27; IL4 27–30 and IL10 (‘M2’, alternative activation) 31,32.   Despite strong evidence 
that macrophage phenotype is important for functional recovery in a variety of tissues including the 
CNS 33–36, the role of macrophage phenotype in peripheral nerve repair has received little attention.  
Exogenous IL10, injected at a low concentration under the epineurium after immediate repair of a 
sciatic nerve transection reduces collagen deposition and produces an increase in compound motor 
potential amplitude distal to the repair but no changes in axonal count 37.  Over the last three years 
and with support from the Harry M. Zweig Memorial Fund, the Grayson Jockey Club Foundation and 
the National Institutes of Health we have begun to understand the basic mechanisms behind the role 
of macrophages in peripheral nerve injury.  We have recently shown that an increase in the 
proportion of ‘M2’ macrophages promotes functional recovery after peripheral nerve injury 38.  We 
have begun to explore the effect of altering macrophage phenotype at the injury site by evaluating 
the effect of deletion on the receptor for IFNγ (a pro-inflammatory cytokine) in macrophages on 
recovery after injury. 
 
In general, the macrophage response to tissue injury is plastic and heavily dependent on 
microenvironmental cues. Recently, we determined temporal changes in macrophage gene 
expression over time using RNA sequencing after fluorescence activated cell sorting (FACS) of 
macrophage populations from injured peripheral nerve. We identified IFNɣ, IL4, TNF and Stat3 as in 
key upstream regulators of macrophage phenotype over time after nerve injury [cite Joy’s paper]. 
 
Since IL10 downregulates IFNɣ as key upstream regulator of the macrophage response to injury we 
investigated the influence of IL10 on peripheral nerve repair. We paired deletion and exogenous 
ligand experiments to demonstrate that exogenous IL10 promotes macrophage recruitment. Here 
we demonstrate that the addition of exogenous IL10 at the site of nerve injury polarizes the 
macrophages towards anti-inflammatory response. It also promotes macrophage recruitment, axon 
extension, neuromuscular junction (NMJ) formation and the number of regenerating motor units 
reaching their target. Moreover, we indicate a dose dependent effect of exogenous IL10 in functional 
recovery and axon extension.  
 
Materials and Methods 
Animals 
Experiments were conducted in mice and rats. The following mouse strains were obtained from 
Jackson Laboratories: C57BL/6J (JAX # 0664) and mice expressing Green Fluorescent Protein 
(GFP) under the human S100β promoter (JAX #05621). Mice were bred in house in stable colonies, 
and genotypes were confirmed by PCR (Transnetyx, Cordova, TN). To generate IL10RF/F cre+ 



(experimental) and IL10RF/F cre- (control) mice, Jax stock J028146; B6(SJL)-Il10ratm1.1Tlg/J – also 
known as IL-10Rαflox, was crossed with Jax stock J004781; B6.129P2-Lyz2tm1(cre)Ifo/J, then 
backcrossed to create litters with animals homozygous for the flox gene, and with (experimental) and 
without (control) the cre gene. Mouse genotypes from tissue biopsies were determined with specific 
probes designed for each gene by a commercial genotyping service (Transnetyx, Cordova, TN). 
 
Sprague-Dawley rats, expressing GFP in their axons under the Thy-1 promoter were also used. We 
use Thy1-GFP rats as they allow direct assessment of axon extension and the formation of NMJs 
24. Transgenic Thy1-GFP rats are generated by pronuclear injection of the plasmid of the Thy1-GFP 
mouse line (BOR1-tg plasmid) 25. Thy1-GFP rats have similar motor and sensory neuronal 
architecture, over ground and skilled locomotion, muscle force, muscle weights and 
histomorphometric assessments to wild type Sprague-Dawley rats 24.   
 
Animals were allowed to acclimatize for 3 days after being brought into the research unit prior to any 
procedure. Rodent cages were replaced weekly. Animals were on a 12/12h light-dark cycle and 
allowed food and water ad libitum. Group housing of 2-5 mice and rats provided socialization. Daily 
record logs of medical procedures were maintained. 
 
This study was performed in accordance with the Public Health Service Policy on Humane Care and 
Use of Laboratory Animals, the NIH guide for Care and Use of Laboratory Animals, federal and state 
regulations, and was approved by the Cornell University Institutional Animal Care and Use 
Committee.  
 
Agarose Preparation 
Agarose is a biocompatible copolymer that cross-links in a temperature-dependent fashion, and 
reduces scar tissue formation following nerve injury 37. An agarose concentration of 0.7% was 
chosen, as increasing agarose concentration has been previously found to be inversely related to 
extent and rate of neurite extension 38. Agarose (Seaprep, Rockland ME) was added to DPBS 
(Corning) to 1.4% weight by volume, twice the desired final concentration as per the standard 
protocol for autoclave-sterilization of agarose. The agarose solution was autoclave sterilized for 
surgery, and cooled to room temperature prior to use. 
 
Murine Nerve Injury Model 
Mice were anesthetized with 3% isoflurane and maintained under anesthesia with 2% isoflurane and 
oxygen. Analgesia was provided by subcutaneous buprenorphine simbadol (0.1mg/kg) injection pre-
operatively and 24 hours after surgery. The left sciatic nerves of mice were exposed and transected 
proximal to the bifurcation and immediately repaired. Proximal and distal nerve stumps were aligned 
and sutured 1mm into 5mm nerve conduits with 10-0 suture (Ethilon) to create a non-critical defect 
(3mm). Body temperature was maintained by an electrical heating pad placed below mouse within 
the surgical field; body temperature and heating pad temperature were monitored to maintain 
physiologic body temperature. The conduit was filled with 0.7% agarose loaded with IL10 at 0.5, 1, 
3, 15 and 30 µg/mL, unloaded (negative control), or empty conduit (additional negative control).  
Animals were allowed to recovery for 8 weeks and then repair assessed using retrograde labelling 
36. All surgeons were blinded to treatment groups during surgical procedures and tissue harvests. 
 
Determination of Number of Regenerated Motor Neurons 
To determine the quality of repair, retrograde labelling was performed in mice at 8 weeks after injury 
as previously described 36. Briefly, mice were anesthetized and the sciatic nerve was transected 
5mm distal to the repair site. The nerve stump was soaked in 10% FluoroRuby in 2% DMSO for 1 
hour, rinsed, and replaced under the biceps femoris muscle. Mice were sacrificed 5 days later, 
perfused with chilled saline followed by 4% paraformaldehyde, and the spinal cord was harvested 
5mm cranial and 5mm caudal to the L4-S3 region, which encompassed all retrograde labeled motor 
neurons. Explanted cords were fixed in 4% paraformaldehyde overnight and optically cleared with 
increasing concentrations of tetrahydrofuran followed by dichloromethane, and finally dibenzyl ether 
36. Spinal cords were imaged at 10X magnification with 6.4 µm z-stacks using a confocal microscope 
(Zeiss 510, Thornwood, NY; 561nm). The entire motor neuron pool of all labeled cells was counted 
by a single blinded observer using a customized automated cell counting program in MATLAB 



(Release 2015a, The MathWorks, inc., Natick, MA) based on 3D Laplacian Gaussian object 
detection. Cranial tibial muscle weights were also obtained. The cranial tibial muscles were removed 
prior to perfusion and weighed immediately. Cranial tibial muscle weights of the injured limb were 
standardized to the contralateral limb. 
 
Macrophage and Schwann Cell Gene Expression Analysis 
Macrophage and Schwann Cell Isolation from Murine Regenerative Bridges 
S100β eGFP mice were euthanized at 3 days after repair to determine differences in the early 
immune response to nerve injury. The regenerative bridge was harvested within the conduit by 
transecting the proximal and distal sciatic nerve stumps 1mm from the end of the 5mm conduit. The 
epineurial sutures were cut and the regenerative bridge was removed from the conduit and placed 
in a petri dish with 1mL RPMI-1640 (Corning) and was cut into 0.5mm pieces. The tissues were then 
transferred to a 50mL conical with 10mL of digestion buffer. Digestion buffer comprised of 3mg/mL 
collagenase type I (Sigma), 1mg/mL hyaluronidase (Sigma), and 0.5mL of 1mM HEPES in RPMI-
1640. After 1 hour digestion in a 37°C water bath, tissues were strained through a 70μm mesh 
strainer (BD Biosciences) to obtain a single cell suspension. Cells were centrifuged at 300g for 10 
minutes. The cell pellet was resuspended in 0.5% BSA (Sigma) in PBS and cells were plated on a 
v-bottom 96-well plate (Nunc, ThermoFisher Scientific) for FACS. Cells were labeled for FACS for 
45 minutes at 4°C using species-specific antibodies to label macrophages and other immune cells 
[Ref Method Paper]. Exclusion markers included Ly6G (granulocytes), Siglec F (eosinophils), CD19 
(B lymphocytes), CD3e (T lymphocytes), Ter119 (RBC), and Thy1.2 (fibroblasts). Positive selection 
markers for macrophages included CD16/32, CD11b, CD14, and F4/80. Schwann cells were sorted 
using the GFP signal of the S100β eGFP mice and exclusion of other cell types. Antibody details are 
provided in Table 1. All wash steps were performed with 0.5% BSA in PBS. Following sorting, 
aliquots of up to 2.0x104-3.0x104 cells were placed into 1:2.5 solution of RLT buffer in DPBS, and 
stored at -80°C until processed for gene expression analysis. 
 
Gene expression analysis using nanoString 
Extracted RNA was incubated with custom panels of 101 (Schwann cell codeset) and 101 
(Macrophage codeset) bar-coded probes (nanoString Technologies, Seattle, WA; Supplemental 
Information, Table S1) specific for genes associated with SC and macrophage phenotype and 
function, respectively, with an emphasis on the context of peripheral nerve repair 26–33. Six 
biological replicates of each sex per condition were evaluated. RNA quality was evaluated with a 
fragment analyzer and degraded samples were replaced with an alternative sample if available. 
Standard nanoString protocols were followed 34,35.  Reporter probes, hybridization solution, 
sample, and capture probes were mixed together and hybridized overnight at 65°C. Following 
hybridization, samples were transferred and processed in the nanoString nCounter Prep Station. 
The Prep Station washed away excess probes and purified the target/probe complexes using 
magnetic beads. The purified target/probe complexes were deposited in a cartridge, laid flat and 
immobilized for data collection. Data collection was carried out in the nanoString nCounter Digital 
Analyzer. Images were processed and the barcodes were tabulated. NanoString nSolver 4.0 
Analysis Software (nanoString Technologies) was used to process raw data. Background was 
calculated from the raw data for each group (strain and stimulation) as the average mRNA count 
across all negative controls plus twice the standard deviation of the negative controls. Genes with 
average expression in all groups below background expression were removed from analysis. Five 
potential housekeeping genes were included on the panel. Data was normalized using the 
housekeeping genes Actb, Ankrd27, Gapdh, Tbp, and Rictor, which were expressed in all samples 
and had <60% CV. Normalized data were analyzed.  
 
Macrophage Recruitment and Schwann Cell Migration in Murine Regenerative Bridge 
S100β eGFP mice were euthanized at 10 days after repair to determine macrophage recruitment 
and SC migration. The regenerative bridge was harvested within the conduit by transecting the 
proximal and distal sciatic nerve stumps 1mm from the end of the 5mm conduit. The epineurial 
sutures were cut and the regenerative bridge was removed from the conduit and fixed overnight in 
4% paraformaldehyde. To stain macrophages, the bridge was then incubated in goat blocking serum 
and casein mixture for 5 hours. Sample was washed in PBS and then incubated in macrophage 
specific primary antibody (1:50 CD68, abcam) over night. After the wash step, the regenerative 



bridge was transferred into secondary antibody solution (1:200 Biotinylated Goat Anti-Rabbit IgG, 
Vector Laboratories) and incubated overnight. Sample was washed again in PBS and transferred 
into Texas-Red conjugate solution (1:200, Life Technologies) and incubated overnight. The sample 
was then washed and incubated in DAPI solution (1:1000) overnight. After the final wash in PBS, the 
sample was immersed into DIX solution (a mixture of n-methyl-d-glucamine, diatrizoic acid, 60% 
iodixanol and 2% sodium azide) [REF] to make the tissue clear. All the wash steps were done twice 
in PBS over a rocking table for 30 minutes each. All the incubation steps were done at room 
temperature on a turning wheel at 20-40 rpm.  
Samples were then mounted on slides while immersed in DIX solution and the entire regenerative 
bridge was imaged using tiled, Z stack imaging (Zeiss 710 confocal). The macrophage and SC 
presence and distribution within the regenerative bridge was quantified by the summation of the 
fluorescent intensity of each channel (GFP green: SC, Texas red: macrophage, DAPI blue: all cells) 
at 250µm intervals from the distal end of the proximal stump using ImageJ. The result was analyzed 
by a blind observes to the treatment groups.  
 
Rat Nerve Injury Model 
Thy-1 GFP rats were anesthetized with 5% isoflurane, maintained under anesthesia with 1-2% 
isoflurane. Analgesia was provided by Meloxicam (2mg/kg) pre-operatively and 24 hours post-
operatively.  The sciatic nerve was exposed and a 10mm silicone conduit placed between the 
transected nerve ends and sutured with single 10/0 sutures to create an 8mm defect. The conduits 
were either filled with 0.7% agarose hydrogel, or three different concentrations of rat-specific IL-10 
(1 ug/mL, 3ug/mL, 7ug/mL, recombinant rat IL-10, Peprotech, part #400-19) with 0.7% agarose as a 
carrier. The muscle and skin were re-apposed using 6-0 Ethilon sutures. Body temperature was 
maintained by an electrical heating pad placed below rat within the surgical field; body temperature 
and heating pad temperature were monitored to maintain physiologic body temperature. All surgeons 
were blinded to treatment groups during surgical procedures and tissue harvests. 
 
Assessment of Axon Extension 
To determine axon extension after injury five groups of animals (IL10 at 1, 3 or 7ug/mL in 0.7% 
agarose, unloaded agarose or empty conduit, n=6-8 animals/group) were allowed to recover for 21 
days.  Animals were then anesthetized and euthanized (pentobarbital (250mg/mL, 4mL/kg) and the 
regenerative nerve bridge harvested. Bridges were placed in a well with PBS and imaged using 
confocal microscope (Zeiss LSM510 confocal). One spectral window for the emission profile of GFP 
(488nm) and the entire extension of the regenerative bridge was imaged using tiled, Z stack images. 
Axonal outgrowth from the distal stump was quantified by evaluating axonal regenerative profiles 
extending through contiguous regions of interest (ROI) at 250µm intervals from the distal end of the 
proximal stump using BitPlane (Imaris) and calculating GFP+ volumes for each ROI.  Differences 
between groups were determined by evaluating GFP+ volume and the interaction between dose and 
contiguous ROI in a mixed effect model, in the same group of animals. 
 
Immunohistochemistry and Macrophage Labeling in Rat Regenerative Bridge 
Using the same rats as used for the initial dose curve, once the regenerative bridge was imaged it 
was fixed in 4% paraformaldehyde for 14-16 hours, then transferred to 70% ethyl alcohol. The tissues 
were sectioned and immunohistochemistry labeling for CD68 and CD206 was performed as 
previously described 39. Briefly, samples were embedded in paraffin and sectioned longitudinally at 
4µm for immunofluorescent labeling to assess the host macrophage. Three slides from each rat were 
generated. After deparaffinization and rehydration, antigen retrieval was performed by steaming in 
10 mM citrate (pH 6.0) for 20 min followed by incubation for 20 min at room temperature. Sections 
were then processed with a MicroProbe System (Fisher Scientific) and PBS containing 0.05% Tween 
20 (PBST) was used for washing between each of the steps described below. Slides were blocked 
in a solution of 23 casein and 10% antibody host species matched serum for 30 min at room 
temperature. The sections were then incubated with a mixture of antibodies specific for macrophages 
(CD68, (ED1, mouse, IgG1, monoclonal 1:50 BioRad) and CD206 (C-20, goat, IgG polyclonal 1:50 
Santa Cruz)), for 90 min at room temperature. Incubation in appropriate AlexaFluor 488 and Texas 
Red conjugated secondary antibodies was performed sequentially for 30 min each at room 
temperature. Sections were cover slipped in an aqueous mounting media containing DAPI 
(Vectashield, Vector Laboratories). For negative control, the primary antibodies were replaced with 



a mixture of isotype IgG at equivalent concentrations. High resolution images of the entire proximal 
stump and regenerative bridge were obtained from fluorescently labeled slides (Zeiss 510). The Two 
regions of interest (0.5mmx0.5mm) at the margin of the regenerative bridge and at its center were 
selected and manually counted for CD68+ and CD206+ cells performed by a blinded observer.  
 
Formation of Neuromuscular Junctions in Rats 
We assessed the formation of neuromuscular junctions (NMJ) at 8 weeks (n=8 animals/group). NMJ 
in the extensor digitorum longus (EDL) muscle was assessed for terminal axons (green) innervating 
post synaptic acetylcholine receptors (AChRs), labelled with rhodamine-ɑ-bungarotoxin (red) 
conjugated to Alexa Fluor-594 25. Briefly, the EDL muscles were harvested bilaterally for whole 
mount confocal microscopy. The muscles were dissected into four separate muscle bellies to create 
thinner samples. The muscles were placed on Pyrex resin coated dishes and stained with rhodamine 
alpha-bungarotoxin conjugated to Alexa Fluor-594 (2.5µg/mL; Thermo Fischer Scientific, CA) at 
room temperature for 30 minutes to label the acetylcholine receptors in the post synaptic membrane. 
The muscles were rinsed with phosphate buffered saline and mounted under a coverslip for confocal 
microscopy. The concentration of alpha-bungarotoxin conjugate was validated using a dose curve 
in untreated GFP rats. The muscles were imaged using a Zeiss LSM510 confocal microscope. Two 
spectral windows using the Zeiss Zen image software were used; one using the emission profile of 
Alexa Fluor 594 (590nm) and the emission profile of GFP (488nm). To evaluate the thicker muscle 
samples, four equidistant z-series (stack) were taken across the muscle sample to acquire images 
of a minimum of 100 motor end plates. The observer was blinded to the treatment group at time of 
acquisition of imaging and during image analysis. The images were used to count the number of 
innervated and non-innervated motor end plates; innervation was determined by extension of a GFP-
expressing axon to a positively labeled motor end plate. The proportion of innervated NMJ was 
standardized to each contralateral control. 
 
To promote the widespread use of this work, all macrophage data are reported according to the 
guidelines described by Murray et al (111) and animal data according to the ARRIVE guidelines 
(155) including animal strain, sex and age. 
 
Results 
Exogenous IL10 Promotes Motor Unit Regeneration and Axonal Extension 
The number of regenerating motor neurons, in mice, significantly increased in a dose dependent 
manner reaching a peak at 15µg/mL (p=0.01, Figure 1a) and then declining. No differences were 
observed between empty and agarose filled conduits; as also seen in previous work 36.  A similar 
pattern was seen in standardized cranial tibial muscle weight (L:R ratio) although no significant 
differences were observed (Supplemental Information, Figure S1). Therefore, 15µg/mL IL10 mixed 
in 0.7% agarose was used for subsequent experiments in mice.  
The axonal extension, in rats, also increased significantly in a dose dependent manner. The initial 
dose curve showed that supplying exogenous IL10 both at 1µg/mL  and 3µg/mL significantly 
improved the axonal extension in rats, with 3µg/mL improving both the size per region of interest and 
overall length of the regenerative nerve bridge (p=0.02, Figure 1c, d). To this end, a dosage of 
3µg/mL IL10 was used for subsequent experiments in rats.  
 



 
Figure 1.  Modulation of 
macrophage phenotype with 
exogenous IL10 promotes axon 
extension and produces a dose-
dependent improvement in 
motor neuron regeneration. (a) 

The sciatic nerve was transected in 
WT mice and repaired immediately 
with a 5mm conduit filled with 0.7% 
agarose loaded with IL-10 at 0.5, 
1,3,15 or 30µg/mL, unloaded 
(negative control), or empty 
conduit (additional negative 
control) (n=5-8 mice per group). 
Repair was assessed by the 
number of regenerated motor 
neuron on spinal cord using 
retroDISCO at eight weeks. 
Significant differences from a 
conduit filled with agarose only 
control are shown (Dunnet’s test). 
The 15µg/mL IL10 dose indicates 
the best concentration for better 
recovery in mice. (b) 

Representative regenerative bridges from transgenic rats expressing green fluorescent protein (GFP) under the Thy-1 
promotor (Thy1-GFP) in their peripheral axons. Flattened z-stack obtained using confocal microscopy 21 days after 
placement of a 10mm conduit after sciatic transection. Conduit filled with agarose only or agarose and IL10 (3µg/mL). 
White dotted line denotes proximal stump. (c) Dose dependent effect of exogenous IL10 at three doses of 1, 3 and 7µg/mL 
(n=6-8/group). GFP expression depicted as volume of GFP (y axis) per 250μm region of interest extending from proximal 
stump (x axis). (d) Total volume of GFP+ axons within regenerative bridge. Data are mean and standard error (se).  ** 
denotes significantly different from agarose only control (Dunnet’s test, * p<0.05, ** p<0.01 ). The 3µg/mL IL10 dose 
indicates the best concentration for better recovery in rats. 

 
Exogenous IL10 Polarizes Macrophages Towards Anti-Inflammatory Response 
Gene expression analysis at the early stages after repair (day 3) indicates significantly higher 
expression of genes associated with anti-inflammatory response in macrophages, including Stat3, 
Stat6, IL35, Tgfb1, Cxcl16 and Chi3l1 (Figure 2a, p<0.05). Also, genes associated with ECM 
breakdown (Ccl7, Mmp12) and angiogenesis (Cxcl5, Cxcr4) show significantly higher expression in 
macrophages after exogenous IL10 delivery. Gene expression analysis in Schwann cells indicate no 
significant differences in any of the genes (Figure 2c). Moreover, no sex effect can be seen in either 
macrophage or Schwann cell gene expression analysis (Figure 2b, d).    
 

Figure 2.  Exogenous IL10 
alters macrophage gene 
expression but not Schwann 
cell gene expression. Volcano 

plot of nanoString data 
comparing the fold difference in 
(a) macrophage and (c) 
Schwann cell gene expression in 
mice between the two groups of 
agarose only and agarose+IL10 
(15µg/mL) 3 days after sciatic 
nerve repair. P-values were 
obtained from nSolver software. 
Significance set at p < 0.05 
indicated by the horizontal red 
line. Macrophages and Schwann 
cells were sorted from sciatic 
nerves of mice that were 
transected and repaired 3 days 
before harvest (n=12 per group). 
(b, d) No significant sex effect 
can be concluded from gene 
expression in both macrophages 

and Schwann cells (Males: blue, Females: red). 



Exogenous IL10 Promotes Macrophage Recruitment 
S100β eGFP mice were used to determine macrophage recruitment and SC migration within the 
regenerated nerve bridge 10 days (mid-stages) after repair. Analysis of the confocal images of the 
whole nerve bridge indicates significantly higher presence of macrophages (CD68+, red) along the 
nerve bridge in presence of exogenous IL10 (p<0.005, Figure 4b). The Schwann cell (GFP+, green) 
and macrophage (CD68+, red) distribution along the nerve bridge, especially at the middle of the 
bridge, was positively affected by IL10, demonstrates that IL10 promotes migration and recruitment 
of both cell types (Supplemental Information, Figure S2). Analysis of the nerve bridge in GFP rats 
also shows significant increase in the total number of macrophages (CD68+, green) in the presence 
of exogenous IL-10 (p=0.04, Figure 4d) at 21 days after sciatic injury.  

 
Figure 4. Exogenous IL10 promotes 
macrophage recruitment in both 
mice and rats. (a) Representative 

regenerative bridges from S100b GFP 
mice after IHC with CD68+ 
macrophages (red), GFP+ Schwann 
cell and macrophages (green) and 
DAPI (blue) 10 days after placement of 
a 5mm conduit after sciatic transection. 
Total number of recruited CD68+ 
macrophages is increased (b) in the 
presence of exogenous IL10 
(p=0.0005). (c) Representative 
regenerative bridges from transgenic 
rats after IHC with CD68+ 
macrophages (green) 21 days after 

placement of a 10mm conduit after sciatic transection. Total number of CD68+ macrophages is increased (d) in the 
presence of exogenous IL10 (p=0.04). Counts obtained from two 500µm x 500µm regions of interest (ROI) per section (3 
sections/animal, n=4-6/group) per group.  ROI placed on the periphery of the proximal stump of the regenerative bridge 
and centrally.  

 
Effect of Exogenous IL10 on Functional Recovery of the Myeloid Specific IL10 Knockout Mice 
To confirm if the results here are the direct effect of exogenous IL10, retrograde labelling was 
performed in IL10RF/F cre+ (experimental) and IL10RF/F cre- (control) mice at 8 weeks after injury. 
Results indicate that in knockout mice, the number of regenerated MN in spinal cord was significantly 
reduced compare to the control group. (p<0.03, Figure 5)   
 
Axonal Extension/Reinnervation Measurement (NMJ)  
Direct visualization of re-innervation, confirmed by positive expression of GFP extending to a labeled 
motor end plate showed that the amount of innervated motor end plates was significantly greater at 
8 weeks after 10mm sciatic gap with 3ug/mL IL-10 compared to agarose only. 
 

Figure 5. Modulation of 
macrophage response 
using IL10 promotes 
functional recovery 
including formation of 

neuromuscular 
junctions (NMJ) and 
number of regenerated 
motor neurons (MN) in 
spinal cord. Extensor 

digitorum longus (EDL) 
muscle of Thy1-GFP rats 
8 weeks after sciatic 
nerve transection and 
conduit repair. 
Representative images of 

terminal axons (green) innervating post synaptic Acetylcholine receptors labeled with rhodamine-ɑ-bungarotoxin (red) 
conjugated to Alexa Fluor-594 in control (a) and treated (b) groups. (c) Proportion of innervated NMJ standardized to 
contralateral control. (n=8/group, ** p<0.01, t-test). (d) Exogenous IL10 increases the number of reconnected MN in the 
spinal cord in mice (harvested at week 8) (n=6-8/group). 

 



C. Significance 

This work demonstrates that the addition of exogenous Interleukin-10 can modify macrophage 
migration and phenotype, promote axon extension, neuromuscular and neuromuscular function in 
mice and rats.  This work will now be extended to horses. 

D. Publications and Other Grant Submissions 

A manuscript describing this work is in preparation. 
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A. Specific Aims of the Study and Modifications     

Specific Aims: If the aims have not been modified, state so. If they have been modified, provide the 
revised aims and the reason for the modification.   
 
Overall Goals:  To refine the development of an absorbable nerve wrap which will provide sustained 
release of IL10 during the period of macrophage migration to the site of nerve repair and promote 
recovery of CAD muscle function after graft to the Recurrent Laryngeal Nerve in the horse. 
 
Specific Aim 1. Determine the effects of sustained release IL10 on axon extension, the 
formation of neuromuscular junction and time to functional recovery after nerve repair.   
 
The original plan to fulfill Aim 1 included construction of bilayer nerve wrap with alginate membrane, 
and an agarose layer over it.   Difficulties were encountered during the constructions of the wrap with 
the original protocol: it was difficult to create nerve wraps with proper balance between flexibility (to 
be rolled) and mechanical strength. Several attempts had to be made to optimize the protocol and 
instrumentation to design a new nerve wrap. Troubleshooting such difficulties required extensive 
time and the final results did not meet the expectation. Considering the in vitro results, the in vivo 
testing was performed on a reduced number of rats. (See details in the Scientific Findings section). 
 
Specific Aim 2. Determine time to recovery after graft to the equine recurrent laryngeal 
nerve.   
 
The overall aim was not revised but, as already anticipated in the original protocol, due to the 
unsatisfying results from aim 1, the nerve wrap was not used in the horses.  
 
The main modifications made on aim 2 are: 

- Direct injection of  0.7% agarose loaded with IL10 on the nerve graft site (no “agarose only” 
group)   

- Surgery performed with the horse standing under constant-rate infusion of sedatives 
- Addition of first cervical nerve electrical stimulation as method to assess time to reinnervation 
- Addition of incremental exercise over high-speed treadmill to assess CAD function. 

(See details in the Scientific Findings section).  

B. Summary of Scientific Findings 

Aim 1. Determine the effects of sustained release IL10 on axon extension, the formation of 
neuromuscular junction and time to functional recovery after nerve repair.   
 
This study aimed to construct a biocompatible and biodegradable nerve wrap that could also be used 
as a conduit. The original wrap design was made out of alginate gel cross-linked by calcium salt to 
adjust its mechanical strength. The wrap was made in a relatively short period of time (10-15 minutes) 
in various length with various wall thicknesses using a small jig that can be disassembled.  
 
The nerve wraps were first made using a special mold designed for this application. However, due 
to the specific features of this mold in which a flat sheet of alginate was made to be rolled into a 
wrap, it was difficult to create nerve wraps with proper balance between flexibility and mechanical 
strength. Several alginate incubation times in calcium salt were tested to achieve that balance. 



However, the final results were not satisfying. To this end, a new mold was designed and 
manufactured to resolve this issue. The new mold had circular cavities instead of flat sheet, with 
various options to create nerve wraps with different inner and outer diameters.   
 
Using the new mold, the nerve wraps were made with different wall thicknesses, and they were 
tested in live animals (rats). The left sciatic nerve in Lewis rats (n=4) was transected and then 
repaired using the nerve wrap. The proximal and distal stumps of the nerve were sutured inside the 
two ends of the nerve wrap, and the animals were monitored up to 10 days after surgery. The nerve 
wraps were also tested as a wrap around the uninjured sciatic nerve (n=2). The preliminary results 
showed no inflammation even after 10 days. However, due to the fact that the alginate material is 
biodegradable, the nerve wrap could not hold its integrity during the repair period.  
 
Several incubation time in calcium salt were tested (from 15 min up to 24 hours) to alter the alginate 
cross-linking and improve mechanical integrity. However, this could not promote the necessary life 
of this biodegradable material to provide proper integrity, and ultimately, long enough axonal 
guidance during the repair period.  
 
Aim 2. Determine time to recovery after graft to the equine recurrent laryngeal nerve (RLn).   
 
In this aim we determined the time to reinnervation of CAD muscle after RLn graft with C1 assessed 
by arytenoid abduction on videoendoscopy at rest, during exercise and induced by electrical 
stimulation of C1. 
 
Animals.  Four horses of different breed, sex and laryngeal function were enrolled for this study (see 
table 1). The first two horses underwent surgery under general anesthesia (GA), but after facing few 
transient  complications during the recovery phase from anesthesia on the horse #2, it was decided 
to move away from GA and perform the nerve graft with the horse standing. For the standing 
procedure, the horse was maintained under sedation using a constant-rate infusion of sedatives, and 
the laryngeal area and proximal neck were numbed using a local anesthetic block of the C1-C2 
plexus and C3 nerve.  

 
Table 1.  

 
Surgical procedure – nerve graft. The surgical approach was the same with the horse under GA 
or standing. A lateral approach to the larynx was made in a standard fashion, ventral to the 
linguofacial vein. The main branch of the recurrent laryngeal nerve (RLn) was identified just distally 
to the larynx and gently lifted away from the surrounding tissue using nerve hooks. The RLn was 
transected 1 cm caudal to the caudal aspect of the cricoid cartilage and immediately repaired using 
a graft from the ventral branch of the first cervical nerve (C1) identified before its insertion into the 
omohyoid muscle.  The identity of RLn and C1 was confirmed by stimulating the nerve (1–5 mA, 1–
3 Hz, 1 ms pulses) using a blunt bipolar stimulating tool (Bipolar probe, Neurosign, UK) and 
observing respectively arytenoid abduction (RLn) and omohyoid muscle contraction (C1). Thereafter 
the first cervical nerve was isolated and transected near its muscular insertion and anastomosed to 
the RLn stump using multiple 9/0 ethilon sutures. The RLn and C1 nerves were easily identified in 
all 4 horses. 

Horse Signalment Pre-operative 

Laryngeal grade 

function  

Surgery First response to 

C1 stimulation 

Initial 

Threshold  

1 Saddlebred, F, 5yo Left II.2 GA 14 wks  0.6 mA 

2 Saddlebred, G, 3yo Left II.1 GA 16 wks 0.4 mA 

3  Saddlebred cross, G, 

4yo 

Left III.1 Standing 10 wks 0.8 mA 

4 Draft cross, F, 6yo Left III.1/B Standing 14 wks 1.8 mA 



The adductor (closing) branch of the RLn was identified in all 4 horses through electrical stimulation 
and consequent arytenoid adduction, thereafter it was transected and ligated to prevent axonal 
misdirection toward the cricoarytenoid lateralis muscle. The subcutaneous tissues of the surgical 
incision were re-apposed using 2/0 monocryl in a simple continuous pattern and skin closed with 
staples.  
 
After completion of the anastomosis, the distal (RLn) and proximal (C1) stump of the graft were 
injected sub-epineurally with 0.7% agarose hydrogel loaded with recombinant equine IL-10 at 
3ug/mL (R&D Systems, #Q28374). After injection, some of the loaded agarose was used to cover 
the graft site. The total volume of loaded agarose used in each horse was 250uL. 
 
Assessment of time to recovery.   
Endoscopic assessment. Laryngeal function was determined at rest before the surgery, 24h after 
surgery and then every two weeks after the nerve graft.  Laryngeal function was recorded during 
spontaneous breathing, and subsequently, to promote arytenoid abduction, during swallow and 
transient partial nasal occlusion. Three horses were also subjected to endoscopy during incremental 
exercise on high-speed treadmill; horse #1 could not be exercised due to historical chronic 
tendinopathy.  
 
The endoscopy at rest was performed every 2 wks, while the incremental exercise endoscopy every 
4 wks. 
 
Left and right maximal arytenoid abduction angle were measured during inspiration and after swallow 
on still images captured from the endoscopy video at each time point.  
  
C1 nerve stimulation. Reinnervation was assessed by percutaneous stimulation of the first cervical 
nerve (C1) at the alar foramen. Each horse was restrained in a stock and administered detomidine 
hydrochloride (0.01 mg/kg, IV) and butorphanol tartrate (0.01 mg/kg, IV). The head of the horse was 
rested on a height-adjustable head support to generate extension of the neck. A videoendoscope 
(Olympus GIF-140c) placed into the right nostril monitored the laryngeal movement. A 10x10cm area 
of skin over the left wing of the atlas was clipped and prepared aseptically. Ultrasonography of the 
area was performed with a curvilinear array transducer (8C-RS, 4-11 MHz, Vivid 7 GE), covered with 
a sterile sleeve. The intervertebral and alar foramina were visualized on the cranial aspect of the 
wing of the atlas in a plane perpendicular to the skin and at an angle of 60-80° to the sagittal plane 
in a craniolateral-to-caudomedial direction. A 25-gauge, 75mm stimulating monopolar needle (Ambu 
® Neuroline) was inserted 2 to 3 cm medial to the probe at approximately 30° to 45° to the horizontal 
plane and in a medial-to-lateral direction, until its tip was verified on ultrasound just next to the nerve. 
Electrical stimulation at 1 Hz, 0.2 ms pulse duration, was delivered at an initial amplitude of 0.2 mA, 
than gradually increased  to identify the minimal amplitude (threshold) able to induce contraction of 
the CAD muscle resulting in arytenoid abduction.  
 
Results 
Horse #1 recovered uneventfully from surgery, while horse #2 required a tracheostomy during 
recovery from general anesthesia due to complications with the endotracheal tube used to deliver 
inhalatory anesthetic. Horse # 3 and 4, had no complications with the standing surgery, sedation and 
local block. All four horses showed minimal post-operative edema of the left laryngeal area that 
resolved in few days. No evidence of discomfort or complications associated with the surgery were 
detected throughout the study. No local or generalized signs of intolerance (infection, drainage, fever, 
altered physiologic parameters etc) towards agarose and IL-10 was recorded. 
 
Response to C1 electrical stimulation. All four horses tolerated the procedure very well. Correct 
position of the stimulating needle nearby the ventral branch of C1 was confirmed through direct or 
ultrasonographic visualization of contraction of the homo-hyoid and thyro-hyoid muscles. Amplitude 
of the electrical pulses was increased in 0.2 mA steps until visualization of the arytenoid abduction, 
otherwise it was discontinued once the strap muscle contraction became too strong, inducing pulling 
of the larynx caudally as assessed through endoscopy. All four horses showed C1 induced arytenoid 
abduction for the first time between 10-16 weeks post-op (see table 1). The initial threshold amplitude 



to induce arytenoid abduction ranged 0.4-1.8mA, but it decreased overtime in the first three horses 
that showed abduction already at 0.2 mA electrical pulses 18weeks post-op. The response to C1 
electrical stimulation indicates that the distal stump of RLn and CAD muscle have been reinnervated 
by C1 axons in all four horses, as soon as 10weeks after anastomosis in one horse. The decrease 
overtime in the stimulation amplitude necessary to induce the threshold response is suggestive of a 
progressive increase in the degree of reinnervation. 
 
Laryngeal function. As expected, transection of the RLn induced loss of function of the left CAD 
muscle, with consequent significant reduction of the left arytenoid abduction following surgery (Fig 
1).  Reinnervation induced progressive return of the left CAD response and consequent increased 
abduction, more evident after swallow and transient hypercapnia. The left arytenoid abduction after 
20 wks is still significantly reduced compared to pre-op values indicating an incomplete reinnervation 
of the left CAD. 
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Figure 1. Left arytenoid abduction during spontaneous breathing, swallow and transient hypercapnia.  RLn 

transection induces significant reduction in arytenoid abduction. Gradual increase in arytenoid abduction within 20 

weeks is indicative of reinnervation of the CAD through the C1 graft. Left arytenoid abduction after transient 

hypercapnia increases and becomes significantly higher than in the immediate post-operative period at 16 wks. Data 

expressed as mean ± SD. * (p<0.05). 

Laryngeal function during incremental exercise after surgery (6 weeks post-op) was characterized 
by a progressive decrease of arytenoid angle during the test, with collapse of the arytenoid at 9 m/s 
speed, and consequent airway obstruction that required interruption of the test (fig 2).  Already at 10 
weeks post-op, the arytenoid function improved, the horses were able to reach a speed of 10 m/s, 
and despite a reduction of the arytenoid angle at end exercise, the arytenoid did not collapse below 
15 degree, indicating an improvement in the CAD strength and ability to tolerate higher inspiratory 
load. Left arytenoid angle continued to improve at 18weeks post-op suggesting a higher degree of 
reinnervation.   
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Figure 2. Left arytenoid abduction during incremental exercise on high-speed treadmill.  (A) RLn 

transection induces significant reduction in arytenoid abduction and progressive collapse during exercise at 

increasing inspiratory load (black line). Reinnervation through C1-RLn anastomosis induces an 



improvement of the arytenoid function overtime with significant increase in final arytenoid angle at 18wks. 

(B) Reinnervation of the CAD muscle through C1-RLn anastomosis induces improvement of muscle function 

overtime indicated by increase of the left arytenoid angle overtime at each speed interval. Data expressed as 

mean ± SD. * (p<0.05). 

 

C. Significance 

Emphasize the significance of the findings and their potential impact. 

The nerve wrap as it was initially designed for this study resulted in poor mechanical integrity. Despite 
several attempts to improve integrity and life of the wrap, this nerve wrap lifespan resulted not long 
enough to support IL-10 delivery and axonal guidance during the repair period. More work is required 
to search different biocompatible materials and optimize the design. 

This study shows that RLn and CAD muscle can be reinnervated by C1 axons and that agarose 
loaded with recombinant Equine IL-10 is well tolerated and does not preclude reinnervation. 
Reinnervation timeline showed variability among horses, with initial signs of reinnervation starting 
within a range of 10-16 weeks. To demonstrate if IL-10 has any effect on reinnervation when injected 
into the anastomosis site, a larger number of horses will need to be tested, including a control group 
injected with only agarose. 

D. Publications and Other Grant Submissions 

 
None so far. The equine reinnervation work is being continued. 
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Background: Equine herpesvirus type 1 (EHV-1) continues to cause severe outbreaks of abortions 
or myeloencephalopathy in horses despite widely used vaccination. Current EHV vaccines have 
decreased abortion storms but neurological EHV outbreaks have continued to occur in recent years. 
Equine industry and the equine veterinary community have responded with a tendency to increase 
vaccination frequency. The American Association of Equine Practitioners (AAEP) recommends EHV 
vaccination every 6 months for competing horses. Some vaccine suppliers recommend vaccinating 
every 3 months. However, data to support that frequent administration of EHV vaccines improves 
immunity and protection from disease are widely missing. 
 
Preliminary data: We previously vaccinated 15 pregnant mares in short intervals of 60-90 days 
between vaccinations as currently recommended by the AAEP EHV vaccination guidelines. Because 
of the EHV-1-free status of our Cornell Icelandic herd, all horses have been monitored monthly for 
EHV-1-specific antibodies and cellular immunity. This revealed a surprising result: Frequent EHV 
vaccination with an inactivated commercial EHV vaccine resulted in declining antibody values and 
cellular immunity at several time points after vaccination and immune parameters declined despite 
additional vaccine boosts. This ‘adverse immunity to EHV vaccination’ occurred mainly if vaccination 
intervals of 60 days were used (Wagner et al. 2015, Vaccine 33: 5588-5597). 
 
Hypothesis: We hypothesize that frequent EHV vaccination in short intervals can also result in 
adverse immunity in non-pregnant horses and that intervals of 60 days or less increase the risk of 
adverse immunity. 
 
The hypothesis was tested in this project by two independent aims to evaluate host immunity after 
frequent vaccination with equine herpesvirus (EHV) vaccines. For both aims, we evaluated local and 
systemic EHV-1 specific antibody and cellular immune responses induced by different EHV 
vaccination protocols.  
 
Aim 1 was to vaccinate non-pregnant mares and geldings with the same vaccination schedule (60 
or 90 day intervals) as used previously for pregnant mares to identify if pregnancy status or gender 
influences adverse immunity to frequent vaccination. 
 
Results Aim 1: The goal of Aim 1 was to investigate whether the previously observed adverse 
immune response was due to pregnancy or is a rather general outcome of frequent EHV vaccination. 
The results indicated that non-pregnant horses developed stable immune responses to frequent 
vaccination using the same time intervals, vaccine and protocol as previously used for pregnant 
mares. In particular, the rather steep decreases in antibody responses after 60 day re-vaccination 
observed in the pregnant mares were not observed in non-pregnant mares and geldings, although 
some smaller antibody decreases were seen after the last vaccination. There was no difference 
between the immune response to EHV vaccination in the non-pregnant mares and geldings. The 
type of the immune response in non-pregnant horses, e.g. immunoglobulin isotypes and T-cell 
immunity induced, was similar to the response of pregnant mares. 
 
Conclusions Aim 1: Experimental EHV vaccination of non-pregnant horses in 60-90 day intervals 
induced increases in immunity or steady immune values without any observed differences in gender. 
The adverse and decreasing immune reactions previously observed in pregnant mares using the 



same vaccination protocol could not be repeated in non-pregnant horses. The results suggest that 
immune responses to EHV vaccination are different during pregnancy and warrant to re-evaluate the 
current frequent vaccination practice of pregnant mares using new quantitative assays established 
during this and prior EHV-1 projects funded by the Zweig Memorial Fund for Equine Research at 
Cornell University. 
 
Aim 2 was to test if short vaccination intervals of 30 or 45 days will consistently induce adverse 
immunity in horses.  
 
Results Aim 2: The goal of Aim 2 was to evaluate if short EHV vaccination intervals, as practiced 
for some horse populations in the US at the time this application was submitted, provide any 
advantage compared to vaccinating every 6 months. Two groups of horses with low existing 
immunity from the prior vaccination in Aim 1 were vaccinated for Aim 2. The first group received four 
EHV vaccinations in intervals of 30 days and then one at 6 months post the initial vaccination. The 
second group received one initial EHV vaccine and a second vaccination after 6 months. The results 
clearly showed that both groups responded similarly to vaccination. Most horses responded to 
vaccination with clear increases in antibodies. However, individual horses in both groups showed 
only mild antibody increases after vaccination. These ‘poor responders’ were observed in both 
groups and frequent vaccination did not change the response to EHV vaccination in these 
individuals.  Overall, frequent EHV vaccination every 30 days provided no advantage for the 
magnitude or duration of immunity compared to EHV vaccination every 6 months. 
 
Conclusions Aim 2: EHV vaccination every 6 months provided overall high immunity in horses as 
expected. The duration of the immune response in horses that respond well to EHV vaccination 
warrants longer vaccination intervals than 6 months in most regularly vaccinated horses. Frequent 
vaccination every 30 days does not induce a significant increase in immunity and should thus not be 
performed on a regular basis. Individual horses responded poorly to EHV vaccination and this 
immunological phenotype could not be overcome by frequent vaccination. Poorly responding horses 
are likely not completely protected against EHV-1 infection and provide a potential risk for 
reactivating and spreading EHV-1 under stress. Identification of these poorly responding horses and 
developing an optimized vaccination plan, e.g. by identifying the best vaccine brand and vaccination 
intervals to increase their immune response against EHV-1, can protect these individuals and overall 
prevent EHV-1 outbreaks. Quantitative serological assay as used in this project can support the 
identification of ‘good’ and ‘poor responders’ to EHV vaccination and improve the EHV vaccination 
practice for both groups. 
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A. Progress Report  

Specific Aims:   

Aim 1 (Completed):  Measurement of trans-laryngeal pressures, airflow, and arytenoid angles in 
the 20 cadaver larynges under control, standard “suspension laryngoplasty” at 80% opening, and 
“injection laryngoplasty” also at 80% opening. (Phase 1). 

Revised Aim 1: The start if Aim 1 was delayed many months due to the delay in obtaining import 
permit to received cadaver larynges from the abattoir from Canada (Cornell vendor regulations and 
paperwork across countries). Ten larynges (instead of 20) were used in phase 1 for the in-vitro study. 
We reduced the number of larynges in Aim 1 because a) the results were so consistent in the 10 
larynges that we had statistical significance proving efficacy of treatment in-vitro with 10 larynges, b) 
it became clear that we needed more cadaver larynges than planned for the multiple trials to improve 
the surgical approach and design of special guiding channels for injection needed of in-vivo 
application (Aim 3), and c) The reduced budget required some saving in some of the planned steps.  

 
Aim 2 (Completed): Measure PMMA cure times and temperature at various dilutions used for 
delivering the substance to the ventral aspect of the epiglottis. (Phase 2) 

Aim 2 was not modified and complete results were reported in the previous preliminary report (see 
under studies and results).  

 
Aim 3 (in progress): Determine efficacy by measuring tracheal pressure and arytenoid angles 
during exercise at 80%, 90% and 100%Hrmax prior to neurectomy (control), and every two months 
after “injection laryngoplasty”. (Phase 3) 

Revised Aim 3: Reduced budget lead to reduce the post-operative monitoring in the enrolled horses 
from 6 months to 3 months, and the exercise tests are scheduled at monthly interval.  

 
Aim 4 (deleted to be included in phase 2 if funded): Assess laryngeal competency by performing 
tracheal wash exam prior to any treatment, after creating RLN, and one week and at month 2, 4 and 
6 after treatment. (Phase 3) 

Revised Aim 4: the tracheal wash exams and evaluation could not be included in the pilot study 
because of the reduce budget approved by the Zweig found. 

 
Aim 5 (in progress): Recording morbidity (swelling, coughing, extrusion, etc.) of the procedures by 
daily physical examination, monthly endoscopic exam over a six-month period followed by gross and 
histopathological evaluation for assessments of local morbidity. (Phase 3) 

Revised Aim 5: Because of as for Aim 3, the post-operative period was reduced from 6 to 3 months. 
The horse that already had surgery, is currently clinically monitored. However, we have added 
endoscopic and ultrasonographic assessment of the surgical area that are performed at a weekly 
basis.  

 



Aim 6 (deleted): Assess the structural integrity of the repair using robotic CT assessments.  
(Phase 3) 
Revised Aim 6: Robotic CT evaluation could not be included in the pilot study due to reduced budget 
and transient unavailability of the robotic CT equipment at the Cornell Ruffian facility. 
 
B. Studies and Results 

Measure PMMA cure times and temperature at various dilutions (Aim 2): 

Polymethyl methacrylate (PMMA) Bone Cement Properties Using Varying Concentrations of 
Powder  
 
Introduction 
Polymethyl methacrylate (PMMA) bone cement has been used successfully in human orthopedic 
surgery since the 1960’s namely in hip replacements as a means for fastening implants to bone1. In 
the present study, the ultimate goal is to use PMMA in equine larynges for vocal cord bulking to 
reduce or eliminate tracheal aspiration in horses with dysphagia due to glottic incontinence following 
laryngoplasty or arytenoidectomies. Vocal fold bulking has been performed in human medicine; its 
first application was used by Brunings in 1911 for treatment of vocal fold paralysis2. In the 1960’s, 
Teflon was originally introduced as a bulking agent, which remained the standard for 30 years3–5 . 
However long-term studies revealed granulomatous reactions in some patients and therefore 
multiple products are been evaluated in humans2,6–9.  One of the problems encountered with the 
materials used in humans is that they are designed to last around 6 months to 2 years, after which 
time laryngeal reinnervation has occurred. The need in horses is permanent, henceforth clinically 
diluted PMMA has been utilized10.  
 
PMMA has been used by the author as a bulking agent in horses that aspirate post-operatively from 
laryngoplasty or arytenoidectomy. In these horses, tracheal soiling occurs as a result of the inability 
to fully protect their trachea during swallowing; also known as glottic incontinence. Due to tracheal 
soiling, these horses often present with coughing during eating/drinking and also during exercise. 
Furthermore, they can result in dorsal displacement of the soft palate due to tracheal descent – 
caudal retraction of the larynx – as a sensory reflex mechanism to protect the airway. Injection of 
PMMA in the vocal fold can help offer a barrier thus preventing food contamination into the trachea. 
Approximately 30 horses have undergone the procedure, which has been well tolerated and 
successful in the standing horse.  
 
PMMA was selected as a material because it is a solid, durable, inert substance and rarely results 
in inflammatory tissue reaction, and in human research survival probabilities of implanted cement 
have been upwards of 50 years11. However, the chemical reaction occurring from mixing the 
polymethyl methacrylate polymer with the liquid monomer is quite exothermic, yielding temperatures 
reportedly greater than 124 degrees Celsius11,12. Furthermore, bone cement was initially formulated 
for use in hip replacements to fasten the implant to the bone1. For this purpose, it is used while it is 
in a dough-like state. Its use in the larynx requires a viscous state to facilitate injection through an 
18-gauge 3.5-inch spinal needle; furthermore, it needs to form a physical barrier (i.e., bulking) and 
not diffuse as a pure liquid would. It was postulated using a lower concentration of powder with the 
same volume of liquid would yield a substrate that could be injected and offer a longer working period 
before fully setting. The specific aim of this study was to determine the setting time (tset), working 
time (tinject), and peak temperature (Tpeak) of varying concentrations of powder.  
 
Materials and Methods 
Stryker Surgical Simplex® P polymethyl methacrylatea radiopaque bone cement was used for this 
study. It is packaged into two components: a 20 ml liquid ampule (97.4% v/v methyl methacrylate 
monomer, 2.6% v/v N. N-dimethyl-p-toluidine, and 75+/- 15 ppm Hydroquinone) and a 40-gram 
packet of fine white powder (15% w/w Polymethyl methacrylate, 75% w/w Methyl methacrylate – 
styrene – copolymer, and 10% w/w Barium Sulfate U.P.S.).  Four different concentrations of powder 
were investigated: 5, 6.66, 8.32, and 10 grams of the powder polymer which corresponds to a volume 
of 15, 20, 25, and 30 milliliters respectively. All concentrations were mixed with a volume of 10ml 



liquid. For reference, the full-strength dosing is 40g packet of powder with a 20ml ampule of the liquid 
henceforth two experiments were run from each package.  
 
Temperature data was collected using a 4-channel Omega data logger thermometer with 20-gauge 
TT insulated type K-wire thermocouples.  The designated volume of bone cement was weighed and 
hand mixed using a bowl exposed to ambient atmosphere. Once the powder was fully dissolved, the 
formulation resulted in a total volume of 12-14 ml which was transferred to three 6 ml syringes with 
a total volume of 4 ml in each syringe. The K-wire thermocouples were inserted into the injection port 
of the syringes for temperature recording from the center of the volume of cement. Data acquisition 
was started at 2 minutes after initial combination to allow for complete mixing and transferring of 
bone cement. Temperature readings were recorded at 5 second intervals for approximately 30 
minutes, or until the bone cement equilibrated back to room temperature after reaching peaking. The 
fourth probe was used to measure ambient temperature. Peak temperature and set time were 
determined in accordance with the specifications detailed in ISO 5833. The data was transferred to 
an excel document for statistical analysis.  

The force data was collected using the same mixing methods. Once the bone cement was fully 
mixed, it was transferred to two 6 ml syringes attached to 18-gauge 3.5-inch spinal needles. A Torbal 
FB200 force meter was used to measure the force required to push 0.2 ml through the spinal needle. 
Force measurements were collected in Newtons at 1-minute intervals until the bone cement could 
no longer be expressed through the needle. Each experiment was run concurrently with a 
temperature data collection experiment providing the ambient temperature for both data sets. Each 
experiment was run twice. The data was consolidated to an excel document for statistical analysis.  

Statistics 
One-way ANOVA Kruskal-Wallis test for non-parametric data with post hoc Tukey application was 
used to compare differences between the selected data points (P <= 0.05). A linear regression 
analysis applied to the force data controlling for time was created with a 95% confidence interval.  
Data points used for statistical analysis included peak temperature, setting time (measured by the 
time at which the temperature is midway between ambient and peak temperature), injecting time 
(time able to push 0.2 ml through the syringe) and force measurements.   

Results 
In accordance with ISO 5833, each experiment was run at 23° C +/- 1; between two experiments a 
peak temperature within a 10°C range and a setting time within 1 minute is required to accept the 
experiment. If there is a discrepancy, the experiment must be run in duplicate. Henceforth, each 
concentration was run 4 times apart from 8.32g of powder, which only needed to be run twice. The 
average peak temperatures (Table 2) did not increase on a linear scale and were 57.4 ±2.5, 83.5 ±4, 
99.2±5.1 and 98.5±4.3°C respectively for 5, 6.66, 8.32, and 10 grams of powder. There was 
significant difference between all concentrations except for 8.32g of powder and 10g of powder 
(P≤0.05). The average setting times (Table 2) were 26.1 ±3.6, 20.4±3.3, 17.1±0.9, and 14.0±1.9 
minutes for the same progression of concentrations. Based on the graphical information, the setting 
times decreased as the concentration increased. The setting time for 5g of powder was not 
significantly different from 6.66g. There was no significant difference between 6.66 and 8.32g of 
powder and no significant difference between 8.32 and 10g of powder, however there was significant 
difference between 6.66g and 10g of powder. The average injecting times (Table 2) decreased as 
concentrations increased and were as follows 16.5±0.7, 10.5±3.5, 6.5±0.7, and 4±1.4 for 5, 6.66, 
8.32, and 10 grams of powder. There was no significant difference between 5g and 6g of powder. 
No significant difference between 6.66, 8.32, or 10g of powder. See Table 1 for complete results. A 
linear regression analysis yielded a significant difference between the intercepts calculated from the 
force data acquired at 1-minute intervals indicating a significant difference in the force required to 
inject as it changes over time.  
 
 
 
 



 

Table 1 concentration of powder used and resulting values of the properties of the cement 

 

Concentration of powder (g) Tpeak (C°) tset (min) tinject (min) 

5 60.4 a 30.6 a 17 a 

5 57.2 a 27.4 a 16a 

5 54.5 a 22.8 a  

5 57.6 a 23.6 a  

6.66 77.7b,c 16.1 a,b 8 a,b 

6.66 84.3 b,c 23.8 a,b 13 a,b 

6.66 86.6 b,c 20 a,b  

6.66 85.5 b,c 21.8 a,b  

8.32 102.8 b,c,d 17.7 b,c 7 b,c 

8.32 95.6 b,c,d 16.4 b,c 6 b,c 

10 92.6 c,d 11.7 c 3 b,c 

10 98.1 c,d 14.1 c 5 b,c 

10 102.6 c,d 13.6 c  

10 100.7 c,d 16.4 c  

a,b,c same superscript are not significantly different from each other 

 

Table 2 PMMA property averages 

Concentration of Powder (g) Peak temperature (C) Setting Time (min) Injection Time (min) 

5 57.4 ±2.5 26.1 ±3.6 16.5±0.7 

6.66 83.5 ±4 20.4±3.3 10.5±3.5 

8.32 99.2±5.1 17.1±0.9 6.5±0.7 

10 98.5±4.3 14.0±1.9 4±1.4 
 

Discussion 
The International Organization for Standardization for acrylic resin cements used for implant surgery 
defines the peak temperature as the maximum temperature reached during an experiment, and the 
setting time as the mid-way point between ambient temperature and peak temperature13. Injection 
time has not been defined as bone cement is traditionally used in a dough state, and as such the 
doughing-time is defined as the time it takes for bone cement to no longer stick to a gloved finger13. 
For this study, the injection time was defined as the time in which 0.2 ml could be injected from a 6 
ml luer-lock syringe connected to an 18-gauge, 3.5-inch spinal needle. This syringe, needle, and 
volume combination was selected based on the author’s experience and use in a clinical setting for 
PMMA injection into the equine larynx, with 0.2 ml being a standard, repeatable volume to inject in 
in vitro testing.   
 
In human medicine, the approach for vocal fold bulking is either through oral approach or the 
cricothyroid membrane; the latter approach can also be carried out in the equine species using an 
18-gauge 3.5-inch spinal needle2. In horses, the procedure can be performed under standing 
sedation in combination with the use of local anesthetic. Because of this, a concentration of bone 
cement that minimizes peak temperature, minimizes the time to set, and maximizes the injection 
time is desirable, as the sedated horse can be unpredictable compared to a patient under general 
anesthesia.  
 
Based on the results, with clinical interpretation, the concentration 8.32 grams (25ml) powder in 10ml 
solvent appears to be the best suited concentration for its application in the equine larynx. There are 
no statistically significant differences between peak temperatures, setting time, or injection time for 
8.32 and 10 grams of powder; nevertheless, in a clinical setting, the difference between 4 minutes 
and 6.5 minutes to inject can be significant. Henceforth, using 10 grams of powder has an increased 
risk of setting before the desired volume of cement had been injected. When comparing 6.66 and 



8.32 grams of powder, there are also no statistically significant differences between peak 
temperature, setting time, or injection time. The average time to set is approximately 20 minutes and 
17 minutes for 6.66 and 8 grams of powder respectively. Again, in a clinical setting, the minimum 
amount of time for the PMMA to set may result in a more desirable outcome due to the unpredictable 
nature of a sedated horse. Henceforth, it can be concluded 8.32 grams of powder maximizes the 
amount of time to inject and minimizes the time to set; peak temperatures being equal. Additionally, 
the injection requires the bone cement to be in a viscous state. Though PMMA rheological properties 
were not specifically measured in this experiment, it is the authors’ experience 8.32g of powder has 
sufficient augmenting or bulking effect when injected submucosally, as compared to more dilute 
concentrations which tend to diffuse under the submucosa.  
 

Peak temperatures in in vitro testing have been reported in the literature as upwards of 124C. It is 
unclear why thermal necrosis and sloughing of the mucosa does not occur. However, in one study 
investigating thermal necrosis with PMMA in femoral head implants, in vivo intra-operative 

temperatures reached 54.12C at the cement/bone interface, but 110.2C in the mixing bowl; in 
which the bone interface temperature is not likely to result in thermal necrosis14.  It is speculated this 
is a reflection of the body’s ability to conduct heat, likely through perfusion14.  
 
Ambient temperature has been proven to alter the handling, thermal, and physical properties of 
PMMA15. As ambient temperature rises, the exothermic reaction is accelerated resulting in more 
rapid setting times, in turn decreasing working times; interestingly peak temperatures remain 
unchanged15. Considering this factor also aided in the selection of 8.32 grams of powder, as an 
increased concentration may set more rapidly precluding complete injection.  
 
In conclusion, it is our opinion a dilution of 8.32 grams (25ml) of powder to 10 milliliters of solvent is 
the most favorable concentration for injection into the equine larynx.  
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Measurement of trans-laryngeal pressures, airflow, and arytenoid angles in the 20 cadaver larynges 
under control, standard “suspension laryngoplasty” at 80% opening, and “injection laryngoplasty” 
also at 80% opening. (Aim 1) 
 

Injection (i.e. Bone Cement) Laryngoplasty – Cadaver Phase 
 
Materials and methods 
A total of 10 larynges were utilized for the in-vitro experiments. Each larynx was dissected to remove 
the cricopharyngeus muscle and esophagus and the trachea was sectioned at the 3rd or 4th tracheal 
ring. The experiments were conducted in vitro utilizing a flow chamber as previously described 
(Cheetham et al, 2008). The chamber is constituted by a closed wooden box (30x 15x 15cm) with a 
Plexiglas lid. The box has two opening (cranial and caudal) made by PVC pipe (50mm internal 
diameter). The caudal opening is connected externally to a vacuum system (two 16-gallon vacuum 
cleaners) attached in parallel with a rheostat used to generate negative pressure and so produce an 
inspiratory flow that could be varied. The PVC pipe a contains a cycling valve (PVC disk, 1mm radial 
clearance) contacting valve seals at the fully closed position to occlude air flow. The valve cycled at 
2 Hz producing intermittent airflow, to simulate the breathing frequency reached by horses during 
intense exercise.  
 
The vacuum system was connected in line to a rotameter (KDG Flowmeters, West Sussex UK) to 
measure the liter/min flow obtained by the vacuum system. Within the box, the PCV pipe is 
connected to the caudal aspect of the tracheal portion of the cadaver larynx by a clamp. The tip of 
the epiglottis is secured to a wooden board with a stainless-steel pin to prevent retroversion. Two 
Teflon catheters (1.3mm ID, 1.9mm OD, Cole-Palmer International, Chicago, IL) were placed through 
the cranial opening so that one catheter lay cranial to the larynx (simulating pharyngeal area), and 
the second one within the trachea. The catheters were then attached to differential pressure 
transducers (Celesco LCVR, Celesco Products Inc., Canoga Park, CA) referenced to atmospheric 
pressure and calibrated from -70 to 70mmHg using a manometer. Catheters were in phase from 1 
to 20Hz. An endoscope was passed through the cranial opening to lay cranial to the larynx and 
visualize the arytenoids and glottal opening. 
 
Each larynx was used to create 3 distinct condition in order: 1) bilateral traditional laryngoplasty (to 
simulate normal laryngeal function), 2) left sided hemiplegia (by removing the left sided 
laryngoplasty), and 3) injection laryngoplasty.  
 
For each condition, the larynx was placed in the box, secured with stainless-steel pins and clamps 
to the PCV and underlying board. The vacuum system was activated to create and maintain a flow 
of 30L/sec. Once the flow was steady, recordings of the endoscopic images of the larynx and the 
pharyngeal and tracheal pressures were collected for 1 minute.  
 
The test was initially performed on the larynx with bilateral traditional laryngoplasty, thereafter the 
left laryngoplasty suture was transected and removed, to simulate left sided paresis. The last 
condition created in each larynx was a left sided injection laryngoplasty.  
 
An incision was made in the ventral thyroid cartilage, at the level of the vocal fold, approximately 
5mm lateral to the thyroid notch. A blunt periosteal elevator was used to tunnel, submucosally, a 
path up to the ventral aspect of the corniculate process of the left arytenoid. A plastic tube (4mm 
outer diameter) was tunneled to reach the arytenoid. A suture anchor was advanced into the plastic 



tubing and anchored into the corniculate process. Bone cement was injected into the tubing, while 
pushing the arytenoid in abduction, at a dilution of 25ml (8.32g) powder in 10 ml diluent.  
 
Data analysis  
Descriptive data are expressed as means with standard deviation (SD). Endoscopic images and 
airway pressures recorded at the end of the one-minute test for each condition, ie. traditional 
laryngoplasty, left side paresis and injection laryngoplasty, were analyzed. Endoscopic images of 
the rima glottidis were captured from the recordings using editing software (Video Wizard, Womble 
Multimedia, CA, USA) to measure arytenoid abduction. Image frames corresponding to three 
inspiratory phases during flow cycling were evaluated and averaged. Breathing phases were 
identified using synchronized airway pressure traces overlying the video recordings. The degree of 
arytenoid abduction was measured drawing a line connecting the dorsal- and ventral-most points of 
the rima glottidis. This line is then extended dorsally for a distance of one third of the dorso-ventral 
height of the rima glottis. A tangential line to the arytenoid cartilages is drawn, and the angle between 
the dorsoventral line and the tangential line is measured. Airway pressures peaks recorded for 8 
consecutive seconds at the end of the 1-minute test were averaged for each condition. The line 
connecting the dorsal- and ventral-most points of the rima glottidis and the medial border of the 
corniculate process and vocal cords were used to draw and measure the cross-sectional area of 
each side of the rima glottis; the ratio between the left and right portion of the glottis was calculated 
for each condition (XSA L/R).  
 
A mixed-effect model (with laryngeal specimen as a random effect and experimental condition as 
the fixed effect) was fitted to the data for each outcome measure (Pharyngeal pressure, tracheal 
pressure, arytenoid angle, XSA (L/R)) in both the static and cycling testing states. The rationale for 
using a mixed model analysis of the data is to control for potential clustering of observations by 
specimen that could be due to factors that affect the response of the specimen other than 
experimental ones. A Tukey’s post hoc test was used to make multiple comparisons between the 2 
conditions to test whether injection or standard laryngoplasty resists the forces produced by 
physiological laryngeal flows and pressures. 
 
Statistical analysis was performed using JMP (SAS Institute, Cary, North Carolina, USA). 
Significance was set at p<0.05 throughout. 
 
Results 
The bilateral traditional laryngoplasty, simulating normal laryngeal function considered as our control 
condition. Table 1 summarizes the data recorded for each condition.  
 
On mixed effect model, controlling for the laryngeal specimen, a significant effect of the condition 
was detected for all the outcome measures taken into consideration (Pharyngeal pressure, tracheal 
pressure, arytenoid angle, XSA (L/R)). On Tukey’s post hoc test, comparisons between the 3 
conditions showed a significant difference between the hemiparesis (RLN) and the two treatments 
(traditional laryngoplasty and injection laryngoplasty) (p<0.001; Fig 1). No significant difference 
instead was detected between the performances of the two treatments (p>0.2).  

Table 1. In vitro performance of injection laryngoplasty against cyclic airflow, compared to traditional 

laryngoplasty (control) and left sided arytenoid paresis (RLN) 

 
Pharyngeal (I) 

(mmHg) 

Tracheal (I) 

(mmHg) 
XSA (L/R) 

Left arytenoid angle 

(degree) 

Control -5.7 ± 0.77  -9.77 ± 1.09  1.04 ±0.08 55.89 ± 3.25 

RLN -3.02 ± 1.26  -22.05 ± 10.11 0.07 ± 0.07 14.41 ± 5.6 

Bone Cement -5.86 ± 0.87  -10.78 ± 1.27 0.99 ± 0.14 52.83 ± 3.64 

Data are mean ± standard deviation.  



 

 
Discussion 
We hypothesized that by supporting the 
arytenoid cartilage by strategic placement of 
PMMA into the ipsilateral vocal cord would allow 
treatment of both vocal cord and arytenoid 
cartilage collapse during exercise. In this phase 
of the study we tested the impact on airway 
mechanics of this procedure (injection 
laryngoplasty) compared to the standard 
procedure (traditional laryngoplasty) in cadaver 
larynges.  
 
The results we obtained proved that the 
injection laryngoplasty can ameliorate the 
arytenoid abduction, glottic area and tracheal 
airway pressure compared to the condition of 
left sided paresis. Moreover, we demonstrated 
that in-vitro, not only the performance of the 
injection laryngoplasty are similar to the 
suspension (traditional) laryngoplasty, but also 
that there is no significant difference regarding 
the airway mechanics between the two surgical 
approaches.  
 
These results, confirming our initial hypothesis, 
gives support to translate this in-vitro model to 
an in-vivo study, to evaluate morbidity, long term 
stability and performace during exercise of the 
injection laryngoplasty. 
 
Figure 1. Tracheal inspiratory pressure, left arytenoid 

angle and glottis cross sectional area of equine cadaver 

larynx tested into a flow chamber. In (A), simulation of 

left sided hemiplegia (RLN) induced a significant 

decrease in the tracheal pressure compared to control, 

while the injection laryngoplasty returned the pressure to 

normal values. In (B), simulation of left sided hemiplegia 

(RLN) induced collapse of the left arytenoid during the 

test. The injection laryngoplasty re-created an abduction 

angle not significantly different from the traditional 

laryngoplatsy (Control). In (C), bilateral traditional 

laryngoplasty (Control) maintained a symmetrically 

opened rima glottis, with the two halves of the rima glottis 

showing a left to right ratio around 1. Simulation of left sided hemiplegia (RLN) caused arytenoid and vocal cord collapse 

with significant reduction of the left glottic area, indicated by a left/ratio ratio approaching zero. The injection 

laryngoplasty improved the left glottic area, making it similar to the right one, with a ratio not significantly different from 

the control condition. Data are mean ± SD. Different letters indicate statistically significant differences between 

conditions. 

 

C. Significance 

The results from the in vitro phases that we completed, indicate that from a mechanical point of view 
the injection laryngoplasty could represent a valid alternative to the traditional laryngoplasty. Of 
course, these mechanical results should be demonstrated in-vivo and assessed for long-term 
stability. Jointly to the mechanical performances, the biocompatibility of this new surgical approach 
and the possible morbidity associated with it needs to be verified before a real clinical application.  



 
For these reasons the completion of the in-vivo study that is currently being conducted is extremely 
important to be able to draw comprehensive conclusions about the applicability of this new treatment. 
 

D. Plans 

Revised Aim 3: the pilot in vivo study was started with a significant delay, because of the delays in 
completing phase 1 and 2, and this lead to reduce the post-operative monitoring in the enrolled 
horses from 6 months to 3 months, and the exercise tests were scheduled at monthly interval.  
 
Revised Aim 5: as for Aim 3, the post-operative period was reduced from 6 to 3 months. The horse 
that already had surgery, is currently clinically monitored. Endoscopic and ultrasonographic 
assessment of the surgical area are performed at a weekly basis.  
 
The in vivo pilot study (Phase 3 of the project) is being conducted at this time, and the data necessary 
to fulfill the revised Aims 3 and 5 are under collection. 

  



Harry M. Zweig Memorial Fund for Equine Research  

2018 Annual Progress Report for Zweig Committee  
 

Principal Investigator: Dr. Philippa Johnson 

Title: Equine Brain White Matter: A Comparative Tractography and 

Gross Dissection Study 

Project Period: 12/1/16 – 11/30/19 

Reporting Period: 1/1/18 – 12/31/18 

 
I. Provide a lay summary of progress made over the last year.   
Over the last year we have focused on processing and optimizing our pipelines. Because the equine 
brain has a different shape and structure to humans, new processing pipelines need to be built and 
optimized. This has been our focus for the last few months.  
 
II. Explain the significance of findings. 
Distortion of the data was identified on some sequences within the frontal lobe region. As a result, 
we have performed multiple optimization and quality assurance steps. We have created a brain atlas 
and template from the MRI data in preparation for histopathological comparisons. 
 
III. Outline goals for the remainder of the funding period. 
Our next stage is to perform histopathological correlation with the MRI data and then write the final 
manuscript for this project. 
 
IV. List anticipated grant applications and publications resulting from Zweig funding. 
We are planning on submitting an abstract to the American College of Veterinary Internal Medicine 
Forum Phoenix Arizona 2019. Manuscript submission is planned for early 2019.   



Harry M. Zweig Memorial Fund for Equine Research  

2018 Annual Progress Report for Zweig Committee  
 

Principal Investigator: Dr. Gillian Perkins 

Title: Validation of an Equine Stall-side Major Crossmatch Test 

Project Period: 12/1/17 – 11/30/19 

Reporting Period: 1/1/18 – 12/31/18 

 

I. Provide a lay summary of progress made over the last year.  Please note, the information 

you provide in this section may be shared in public forums. 

Over the past year, we have completed aim 1 and 2 of the study.   

In Aim 1 EXPECTED OUTCOMES: we performed 69 cross-matches using both the stall-side KIT 

and the laboratory (LAB) cross-match test on horses that had been previously blood typed and 

had an expected outcome.   

In Aim 2 FIELD TRIAL: we performed 160 cross matches by the two methods on horses that had 

unknown blood types. The initial data analysis has been performed.  

 

II. Explain the significance of findings. 

The stall-side crossmatch kit has fair agreement with the laboratory crossmatch test and is much 

simpler to perform. The performance of both tests with expected reactions is blood type 

dependent with most agreement with anti-Ca antibodies. The stall-side crossmatch kit had a 

slightly higher sensitivity than the LAB crossmatch test with expected positive reactions.  

Agreement between tests was fair for both expected and unknown reactions. The stall-side 

crossmatch kit could be used to detect incompatibilities before administering a blood transfusion 

to a horse in a private practice hospital setting.   

 

III. Outline goals for the remainder of the funding period. 

The Zweig funds will be used to perform blood typing and crossmatching of horses in aim 2 (field 

trial) that were discrepant in order to understand the limitations of the KIT and LAB methods.  

This will assist with the discussion of the manuscript.   

The work will be presented at the ACIVM Forum in Phoenix, Arizona in June of 2019 and the 

grant will be used to support travel (hotel, airfare and registration) of Melissa Fenn (resident) up 

to $1000.   

Melissa Fenn will also be preparing the manuscript for publication in the Journal of Veterinary 

Internal Medicine (up to $1700). 

 

IV. List anticipated grant applications and publications resulting from Zweig funding. 

The information was presented at the Cornell University Clinical Investigator Day (resident 

research seminar) in Oct 2019 where Melissa Fenn received the “best presentation style” award. 

Abstract submission to the ACVIM for oral presentation by Jan 20th for presentation at the ACVIM 

Forum in June 2019 in Phoenix, Arizona.  Followed by submission to the Journal of Veterinary 

Internal Medicine.  

The authors continue to be interested in advancing the field of transfusion medicine in equids 

along with improving our ability to detect incompatible blood types using a crossmatch test.  We 

hope to apply for further funding for these types of projects. 

  



Harry M. Zweig Memorial Fund for Equine Research  

2018 Annual Progress Report for Zweig Committee  
 

Principal Investigator: Dr. Heidi Reesink 

Title: Proximal Sesamoid Bone Microdamage and Fracture 

Toughness in Thoroughbred Racehorses 

Project Period: 6/1/18 – 11/30/19 

Reporting Period: 6/1/18 – 12/31/18 

 

 
 
 
 
 
 
 



  



Harry M. Zweig Memorial Fund for Equine Research  

2018 Annual Progress Report for Zweig Committee  
 

Principal Investigator: Dr. Susan Fubini 

Title: The Relationship between Obesity and Post-Operative 

Incisional Infections Following Abdominal Surgery in the 

Horse 

Project Period: 1/1/17 – 12/31/19 

Reporting Period: 1/1/18 – 12/31/18 

 

I. Provide a lay summary of progress made over the last year.  Please note, the 
information you provide in this section may be shared in public forums. 
See attached. 

 
II. Explain the significance of findings. 

To be determined. 
 
III. Outline goals for the remainder of the funding period. 

Analyze data, prepare abstract and manuscript. 
 
IV. List anticipated grant applications and publications resulting from Zweig funding. 

1. ACVS abstract fall 2019 
2. Publication:  Veterinary Surgery fall 2019 

 

 
 
Letter to Zweig Committee – 10/10/2018 
 
Dear Zweig Committee – First of all thank you for the support you have given me and so many of my 
colleagues over the years.  We are so very appreciative of the opportunities you have provided.  I 
have two ongoing studies: 
 
The first is a retrospective study of abdominal surgery cases from Cornell University and The 
University of Georgia looking at the incidence of incisional infection in horses and if obesity is a risk 
factor.  Data analysis on 242 cases shows there is a trend towards an association between incisional 
infection and obesity.  In order to strengthen our data, and in consultation with Dr. Hayes, we are 
added the last year of cases (until August 2018) at both Universities.  Data collection is complete, 
we now have 298 cases.  The data has been entered by Dr. Hill in to a statistical program which Drs. 
Hill and Hayes will analyze shortly.  Our hope is to have Dr. Hill present the findings at the American 
College of Veterinary Surgeons meeting in October 2019. 
 
The prospective study has been more challenging.  Like many schools our colic caseload has 
dropped dramatically.  As of August 1, 2018 we only had 20 horses enrolled in the study and we 
were aiming for 100!  For this reason, as mentioned, we added those cases to the retrospective 
study, along with cases during the same time frame from the University of Georgia.  We have found 
it to be nearly impossible to involve other referral centers or academic institutions when 
measurements are needed and blood samples taken and transported.  For the retrospective study 
we just paid a student or technician to review records.   
 
Because of the decreased number of surgical colics and difficulty getting multi center participation 
we will be discontinuing the prospective study and returning unused funds to the Zweig Committee.  
We have considerable money to return as we have used very little.  We hope to be able to keep the 
allowed amount for publication costs and travel to the ACVS meeting in October of 2019 for Dr. Hill. 

  



Harry M. Zweig Memorial Fund for Equine Research  

2018 Annual Progress Report for Zweig Committee  
 

Principal Investigator: Dr. Hussni Mohammed 

Title: Factors Associated with Musculoskeletal Injuries & 

Catastrophic Events in Racing Horses  

Project Period: 1/1/16 – 12/31/19 

Reporting Period: 1/1/18 – 12/31/18 

 
A. Progress Report   

The original aims below have not been modified: 

1. First, determine the incidence and nature of MIs and CEs among horses racing at New York 

Thoroughbred Racing Tracks in collaboration with the veterinary staff at NYRA and Finger 

Lakes Thoroughbred tracks. 

2. Second, identify modifiable factors that predispose horses to the risk of particular MIs or CEs 

including intrinsic and environmental factors. 

3. Third, investigate the the potential use of pNF-H as a biological marker and predictor of the 

risk of MIs and CEs for the purpose of making management recommendations to mitigate 

their adverse consequences while accounting for the potential role of oxidative stress.  

 

B. Studies & Results 

Aim 1. We have complete the 

retrospective component of the 

study and submitted a couple of 

papers which are under review. 

The first is entitled “Risk factors 

associated with biaxial proximal 

sesamoid bone fractures in 

Thoroughbred racehorses at 

New York Racetracks 2010-

2016”. A total of 79 cases with 

the bilateral proximal sesamoid 

bone (BPSB) were enrolled in 

the study. A pair of matched 

controls was selected at 

random from each race in which 

a case horse was injured.  Several hypothesized risk factors were identified and analyzed (forty-

three continuous (interval) and 17 categorical). Factors found significantly associated with increased 

likelihood of BPSB fractures included intact male horses, the number of high speed furlongs prior to 

the first start, age of the horse and the number of fetlock abnormalities recorded by regulatory 

veterinarians during the pre-race inspection on the day of the incident race. Career weeks in training, 

racing as a 4-year-old, and age at the time of the first start were associated with a decreased risk for 

biaxial proximal sesamoid bone fracture. For example, Figure 1 shows the relation between the 

probability of BPSB fracture and the total number of fetlock abnormalities.  

  

The second paper was entitled “Prerace inspection findings associated with BPSB fracture in 

thoroughbred race horses”. We evaluated the association between the prerace fetlock abnormality 

and the risk of BPSB fracture in 90 more cases and 180 matched control horses. The presence of 

fetlock joint effusion and any gait abnormality found during pre-race inspection by regulatory 

veterinarians was associated with an increased risk for BPSB fracture.  The finding of multiple fetlock 

 



clinical abnormalities by regulatory veterinarians during the pre-race inspection was associated with 

progressively increased probability for fatal biaxial proximal sesamoid bone fracture.   

 

Aim 2. We have been collecting data on putative risk factors that are associated with these 

catastrophic injuries and other musculoskeletal (MI) for the period from Jan 2016 to Dec 2018. The 

purpose was to determine the incidence of injuries among racing thoroughbred and standardbred.  

We are reserving the interpretation of this finding until the complete collation and analyses of the 

data.   

 

Aim 3. We standardize the 

enzyme immunosorbent 

assay (ELISA) for detection 

of neurofilaments (pNF-H) 

among the normal and 

neurologic horses. A paper 

was published in the use of 

the pNF-H as a diagnostic 

marker for neurologic 

disorder in samples 

collected from serum and 

cerebrospinal fluids (CSF). 

Figure 2 shows the relation 

between the probability of 

neurologic disorders and 

pNF-H in serum samples. 

 

We have also been 

investigating the levels of 

the pNF-H among horses 

experiencing BPSB 

fracture and control 

horses. Preliminary 

indications showed that 

there might be an 

association between the 

injuries and the proteins 

(Figure 3). We want to 

forewarn the readers these       

   are preliminary results. 
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Figure 3. Preliminary results of pNF-H median concentrations in bilateral

proximal sesamoid bone (BPSB) fractures from New York State

Thoroughbred (NYST) racing horses and healthy control NYST horses.



Harry M. Zweig Memorial Fund for Equine Research  

2018 Annual Progress Report for Zweig Committee  
 

Principal Investigator: Dr. Alan Nixon 

Title: Next Generation Arthritis Control through Lubricin and IL-1 

Receptor Antagonist Overexpression in Carpal OA 

Project Period: 1/1/18 – 12/31/19 

Reporting Period: 1/1/18 – 12/31/18 

 
1) Progress toward completing this aim has been good. A redesign of the AAV vector to include a 

ribosomal skipping region allowed expression of both genes as plasmid transfected agents. 

Production of the viral preparations have been completed at the UPenn vector core. We are 

awaiting invoices for these preps which are covered in this grant. 

2) The research plan in the NCE will include testing of the viral preparation on cell cultures. 

3) Two viral preps are in production. Each will cost $4,600. Reagents and technician time during 

culture and testing will run around $1,550. This will expend the budget as planned. 

  



APPENDIX C 

Summary of 2018 Expenditures 
 

 
 

 

 

2018 Research Awards      $630,050 

2019 Public Relations and Administrative Budget $31,500 

2018 Incentive Awards  $10,000 

  

Total Expenditures:  $671,550   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

APPENDIX D 

2018 Research Presentations 
 

 
 

 

November 14, 2018  

College of Veterinary Medicine 

Cornell University 

Ithaca, New York  

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



Cornell University & Harry M. Zweig Memorial Fund for Equine Research  

Research Presentations, Poster Session, and Annual Meeting 

       
Faculty from Cornell University’s College of Veterinary Medicine presented a series of 

equine-related research projects and lectures on November 14, 2018 at the College. The 

research presentations and the poster session were well attended by committee members 

of the Harry M. Zweig Memorial Fund for Equine Research, College faculty and staff, and 

others from the Cornell community. 

   

Speakers for the afternoon presentations included: Ms. M. Kelly Young – Executive Director 

of the Agriculture & New York State Horse Breeding Development Fund and current Zweig 

committee member, Dr. Alan Nixon – Professor and Director of the Comparative 

Orthopedics Laboratory, Dr. Douglas Antczak – Dorothy Havemeyer McConville Professor 

of Equine Medicine, Dr. Heidi Reesink – Assistant Professor of Large Animal Surgery and 

newly appointed Zweig Assistant Professor (2019-2021), and Dr. Bettina Wagner – 

Professor and Chair of the Department of Population Medicine and Diagnostic Sciences and 

former Zweig Assistant Professor. A list of topics is enclosed with this report. 

 

Eighteen posters were presented at the Poster Session following the presentations with 

topics in infectious diseases and immunology, joint health, genomics, reproductive health, 

and pathogens affecting equine health. 

 

The annual meeting was held on Thursday, November 15, 2018 at the College of Veterinary 

Medicine, Ithaca, NY. Dean Lorin Warnick thanked current and new members for the 

dedication, expertise and knowledge they bring to the Zweig Committee, and their 

contribution to the success of the Zweig Fund in supporting projects related to equine 

research. 

The Harry M. Zweig Memorial Fund for Equine Research honors the late Dr. Harry M. Zweig, 

a distinguished veterinarian, and his numerous contributions to the state’s equine industry. 

In 1979, by amendment to the pari-mutuel racing and wagering law, the New York State 

legislature created the Harry M. Zweig Memorial Fund for Equine Research to promote 

equine research at the Cornell University College of Veterinary Medicine. The Harry M. 

Zweig Committee was established for the purpose of administering the fund and is 

composed of individuals in specified state agencies and equine industry positions and others 

who represent equine breeders, owners, trainers, and veterinarians. The Fund contributes 

a percentage of its revenue to support a variety of equine-related research. The Fund is 

proud to support the Harry M. Zweig Memorial Fund for Equine Research. This first-rate 



research helps to provide protection and preventative planning for the equine industry, which 

in turn helps to ensure a healthy and positive future for the horse racing industry.  

The committee administering the fund always includes the Chairman of the New York State 

Racing and Wagering Board or his designee, the Dean of the College of Veterinary Medicine 

at Cornell University or his designee, a member or the Executive Director of the Agriculture 

and New York State Horse Breeding Development Fund, a member or the Executive 

Director of the New York State Thoroughbred Breeding and Development Fund, and at least 

five New York State breeders, owners, trainers, or veterinarians in equine practice. Dean 

Lorin Warnick currently serves on the committee, representing the College and its many 

researchers who have received the Fund’s support for research projects advancing equine 

health and athleticism. 

  



10th Annual Harry M. Zweig Memorial Fund for Equine Research 

Faculty Presentations and Poster Session 

College of Veterinary Medicine, Cornell University 

Ithaca, New York 

 

Wednesday, November 14, 2018  

CVM Center  Lecture Hall 6 (Room S1-222)  3:00 p.m. 

Everyone is welcome to attend 
 

3:00 p.m. Opening Remarks 

Dr. Robert S. Weiss, Associate Dean for Research and Graduate 

Education 

3:05 p.m. Agriculture & New York State Horse Breeding Development 

Fund’s Impact on Agriculture  

M. Kelly Young, Executive Director, Agriculture & New York State 

Horse Breeding Development Fund, and Zweig committee 

member. 

3:25 p.m. Cell and Gene Based Approaches to Arthritis Control – Are We 

Close to a Cure? 

Alan J. Nixon, BVSc, MS, Professor, Large Animal Surgery; 

Director, Comparative Orthopedics Laboratory 

3:45 p.m. The Horse Genome Project: Part II 

Doug Antczak, VMD, PhD, Dorothy Havemeyer McConville 

Professor of Equine Medicine 

4:05 p.m. Catastrophic Sesamoid Bone Fracture is Associated with 

Osteoarthritis and CT-Measured Bone Parameters 

Heidi L. Reesink, VMD, PhD, DACVS-LA, Assistant Professor, 

Large Animal Surgery 

4:25 p.m. Immune Biomarkers for EHV-1 − New Tools for Managing 

Outbreaks and Protection 

Bettina Wagner, DVM, Dr. med. vet. habil., Professor and Chair, 

Population Medicine and Diagnostic Sciences 

4:45-6:00 p.m. Poster Session and Reception in the Atrium 

  



 

APPENDIX E 

2019 Research Awards 
 

 
 

CONTINUATIONS  2019 AWARD 

   

Reesink, Heidi  Intra-articular recombinant lubricin to 

restore joint lubrication and prevent 

osteoarthritis in  

horses 

$88,254 

Van de Walle, Gerlinde  The Mesenchymal Stem Cell Secretome 

Against Equine Herpesvirus Type I 

Infections 

$74,578 

Wagner, Bettina  Towards a neonatal vaccine against 

equine herpesvirus type 1 (EHV-1) 

$99,923 

   

 Subtotal: $262,755 

   

NEW AWARDS  2019 AWARD 

   

Antczak, Douglas  Functional gene annotation in the horse $72,954 

Cheetham, Jonathan  Accelerating recovery after Laryngeal 

Nerve Graft in Horses 

$98,385 

Delco, Michelle  The role of mitochondrial Damage 

Associated Molecular Patterns 

(mDAMPs) in equine joint injury and 

disease 

$57,540 

Reesink, Heidi  Does Proximal Sesamoid Bone Mineral 

Loss Lead to Increased Fracture Risk? 

$61,351 

Wagner, Bettina  Intranasal biomarkers of EHV-1 

susceptibility and protection 

$72,568 

   

 Subtotal: $362,798 
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By Starr Todd

The first annual Asharqia Arabian Horse Festival drew 
40,000 breeders, horse owners, artists, and tourists to 
Dammam, Saudi Arabia for four days of horse shows, 
races, art exhibits, and talks, all celebrating the majestic 
Arabian horse.

Doug Antczak, the Dorothy Havemeyer McConville 
Professor of Equine Medicine with the Baker Institute 
for Animal Health, was an invited speaker at the 
festival, where he presented his research on the genetic 
relationships between Arabians and other horse breeds.

“Legend has it that the Arabian is the oldest recognized 
breed of horse,” said Antczak. Bred by Bedouin tribes on 
the Arabian Peninsula, the horse has long been a fixture 
of Arabian culture. They even appear in rock art dating 

to 3,500 years ago. The breed has a distinctive “dished 
face,” high tail, and arched neck, and its endurance and 
toughness make it popular for long-distance racing events.

During the workshop component of the festival, Antczak 
spoke with horse breeders from Saudi Arabia and other 
countries in the Middle East, Europe, and the U.S. about 
the basics of horse genetics. He presented his latest 
research into the genetic and historical relationships 
between Arabians and other horse breeds. “That project 
has involved sample collection from horses in the Middle 
East, Europe, and the United States,” he said. “We spent 
many days of travel in the Middle East meeting horsemen 
and gaining their trust, often over cups of tea and plates of 
Arabian dates.”

He began the project in 2013 with Samantha Brooks, 
a former Cornell faculty member and colleague at the 
University of Florida, when they received funding from the 
Qatar National Research Foundation to study the genetics 
of the Arabian horse, dromedary camel, and Arabian oryx. 
Antczak first gained entry to the world of Arabian horses 
through his work on lavender foal syndrome, a deadly 
genetic defect that causes foals to be born with severe 
neurological problems and a lavender-tinted coat. In 2010, 
Antczak and Brooks discovered the mutation that causes 
the syndrome. They also developed a molecular genetic 
test that is used widely by Arabian breeders to identify 
carriers of the mutation. This allows breeders to select sires 
and dams that cannot produce affected offspring, and thus 
prevent the birth of foals with this lethal inherited disease.

Breeders were very interested to learn the results of 
Antczak’s work on genetic relationships between different 
horse breeds. “It has already lead to new invitations to 
speak to other Arabian breeders,” said Antczak, “and to 
potential new collaborations to collect samples from rare 
strains of Arabians that we haven’t studied yet.”

From the Harry M. Zweig 
Memorial Fund for Equine 
Research at Cornell University 
College of Veterinary Medicine

No. 65 June 2018

Doug Antczak. Photo by University Photography

Doug Antczak gives talk 
on equine genetics at 
Arabian Horse Festival



Harry M. Zweig Memorial Fund for Equine
Research Awards

NEW
$37,997 to Jonathan Cheetham for “Accelerating 
Recovery after Laryngeal Nerve Graft”

$79,006 to Thomas Divers for “Characterizing 
Tropism and Transmission of Equine Parvovirus-
Hepatitis (EqPV-H)” 

$55,000 to Alan Nixon for “Next Generation 
Arthritis Control through Lubricin and IL-1 
Receptor Antagonist Overexpression in Carpal 
Osteoarthritis”

$60,054 to Heidi Reesink for “Intra-Articular 
Recombinant Lubricin to restore Joint Lubrication 
and Prevent Osteoarthritis in Horses”

$67,136 to Gerlinde Van de Walle for “The 
Mesenchymal Stem Cell Secretome against 
Equine Herpesvirus Type 1 Infections”

$99,314 to Bettina Wagner for “Towards a 
Neonatal Vaccine against Equine Herpesvirus 
Type 1 (EHV-1)”

CONTINUED
$60,083 to Douglas Antczak for “Functional Gene 
Annotation in the Horse”

$48,899 to Jonathan Cheetham for “Regenerative 
Approach to Recurrent Laryngeal Neuropathy”

$16,528 to Susan Fubini for “The Relationship 
Between Obesity and Post-Operative Incisional 
Infections Following Abdominal Surgery in the 
Horse”

$49,634 to Heidi Reesink for “Quantitative 
Computed Tomography and Bone Quality 
Assessment for the Prediction of Fetlock 
Breakdown Injuries in Racehorses”

$56,399 to Gerlinde Van de Walle for 
“Microencapsulated Stem Cells to Promote 
Wound Healing”

Pictured above: Jonathan Cheetham studies horse 
airways by having a horse run on a treadmill. Photo by 
University Photography.
Opposite page: A horse grazes at the Cornell Equine 
Park. Photo by University Photography.2



To save paper by receiving electronic 
copies of this newsletter, email 
lam78@cornell.edu with “subscribe  
Zweig newsletter” in the subject line 
or download at bit.ly/ZweigNews

   www.vet.cornell.edu/public/research/zweig

By the Agriculture and NYS Horse Breeding Development Fund

The Agriculture and New York State Horse Breeding 
Development Fund Board of Trustees, which runs the 
New York Sire Stakes series, unanimously approved the 
appointment of harness racing expert M. Kelly Young as the 
Fund’s Executive Director.

Young, a fifth-generation participant in harness racing, 
grew up on a leading horse breeding farm outside 
Goshen. She most recently served as Deputy Director of 
Public Policy for the New York Farm Bureau where her 
legislative and regulatory portfolio has included dairy, 
forestry, aquaculture and food policy, and access. She has 
held various positions over the past decade with the Farm 
Bureau and has expertise in general agricultural matters, 
which are critical to the Fund’s mission to support the 
state’s harness racing industry.

“I am excited to help New York’s storied harness racing 
industry grow and thrive in this new position,” said Young. 
“I thank the Board of Trustees for their confidence in my 
abilities, and look forward to working with horsepersons, 
breeders, tracks, fans, and everyone in the industry to 
uphold harness racing’s important place in our state’s 
agricultural sector.”

Richard A. Ball, Commissioner of the New York State 
Department of Agriculture and Markets and Fund Trustee, 
said, “Kelly’s extensive knowledge and understanding of 
both the Standardbred breeding industry and New York 
agriculture make her a great fit for this position. I have 
no doubt that she will be a tremendous asset to the Fund. 
Her energy, enthusiasm, and focus will help us identify 
new opportunities for New York’s Standardbred farms to 
prosper and strengthen the overall racing industry for years 
to come. I am excited to work with her as she takes on this 
new role.”

Barry Sample, Chairman of the New York State Gaming 
Commission and Fund Trustee, said, “Kelly’s knowledge 

of New York’s harness racing is second-to-none, and her 
dedication to the sport is commendable as evidenced 
through her career including service on the New York 
Racing Fan Advisory Council. Her leadership skills are 
exactly what the industry needs at this exact time and I look 
forward to continuing to work with her in her new role.”

Young previously served as Executive Director for the 
Harness Horse Breeders of New York State and was 
Associate Editor of The Horseman and Fair World, where 
she developed and wrote stories on harness racing.

Young was selected for a 2013 McCloy Fellowship in 
Agriculture and was a member of Class 13 of the Empire 
State Food and Agricultural Leadership Institute. She 
received multiple awards for her writing from the American 
Farm Bureau Federation, the U.S. Harness Writers 
Association, and the New York Agricultural Society.

Young is currently a member of the New York State Racing 
Fan Advisory Council, which provides recommendations to 
the New York State Gaming Commission on matters related 
to growing the fan base of horse racing. She also serves as 
president of the Saratoga Harness Hall of Fame and is a 
member of the U.S. Harness Writers Association. Young 
holds a B.A. from Boston University.

Established in 1965, the Fund’s primary mission is to 
promote and preserve agriculture through the promotion 
of horse breeding and equine research in New York state. 
It directs the state’s premier harness racing program 
designed to stimulate the breeding, buying, and racing of 
Standardbred horses in New York. Because of the state’s 
unparalleled breeding industry, there is strong international 
demand for New York-bred Standardbred horses.

The Fund provides assistance to county agricultural 
societies to maintain and repair racing facilities and also 
contributes to both the 4-H program and the Dr. Harry 
M. Zweig Memorial Fund for Equine Research at Cornell 
University.

M. Kelly Young named executive director of the 
Agriculture & NYS Horse Breeding Development Fund
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Researchers are exploring the use of stem cells to 
treat skin wounds in horses with techniques that may 
eventually translate to human patients.

Rebecca Harman ’92, M.S. ’11 and a team of researchers 
in the Van de Walle Lab at the College of Veterinary 
Medicine are finding that factors secreted by adult stem 
cells, also known as mesenchymal stomal cells (MSC), are 
able to fight bacteria commonly found in skin wounds.

Bacteria often complicate the treatment of chronic skin 
wounds in humans, driving a need for new therapies that 
reduce bacteria in wounds. Although previous research 
has explored the therapeutic value of MSC in wound 
healing, few studies examined the potential for MSC to 
inhibit bacterial growth. Harman and the Van de Walle 
Lab are examining the antibacterial properties of equine 
MSC secreted factors, like antimicrobial peptides, to 
develop therapies for horses and to serve as a model for 
human studies.

“This equine skin wound healing model offers a readily 
translatable example for MSC therapies in humans,” 
said Harman, a research support specialist at the Baker 
Institute for Animal Health. “Although mice are smaller 
and less expensive model organisms, the horse is more 
physiologically relevant when it comes to human skin 
wound healing.”

MSC are already commonly used as a biologic therapy 
for equine joint and tendon injuries. Practitioners isolate 
MSC from bone marrow and inject them at injury 
sites. However, bone marrow extraction is an invasive 
technique, and injection-site complications – such as 
immune responses against the MSC – may reduce the 
efficacy of the therapy.

Harman’s work sidesteps these issues by isolating MSC 
from blood rather than bone marrow, making the collection 
of MSC less invasive. In addition, she is applying the 
factors secreted by MSC, rather than the cells themselves, 
to the wounds, which reduces the chance of a host immune 
response against the therapy.

MSC provide a range of benefits that extend beyond those 
of conventional antibiotics. Their secreted antimicrobial 
peptides can directly inhibit the growth of bacteria in skin 
wounds, and other secreted factors fight bacteria indirectly 
by attracting resident immune cells that are primed to clear 
pathogens.

By further experimenting with different delivery 
methods, the lab’s research may make things easier on the 
practitioner as well. The antimicrobial peptide molecules 
secreted by MSC have proven to be fairly stable and can 
maintain their activity through a variety of conditions, such 
as extended freezing or being dried into a powder. This 
enables long-term storage options that are more efficient 
for practitioners than having to isolate MSC and collect 
secreted factors every time a wound needs to be treated.

The research team will soon partner with Bettina Wagner, 
chair of Population Medicine and Diagnostic Sciences at the 
College, to begin in vivo testing on her equine herd. Every 
summer, Wagner’s Icelandic horses naturally develop skin 
wounds as part of an allergic reaction. The wounds will be 
directly treated with the secreted factors of MSC and the 
lab will monitor bacteria levels over time to see if there are 
differences between treated and untreated wounds.

“What we learn from the Icelandic herd about the wound-
healing properties of MSC secreted factors could reasonably 
be tested in human medicine,” said Harman.

Equine stem cells rein in bacteria
By Melanie Greaver Cordova

Rebecca Harman. Photo by Rachel Philipson
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Longtime committee member steps down

Paul Mountan DVM is stepping down this year from the Harry 
M. Zweig Committee. After 22 years of service, Mountan has 
made his mark on the committee with his leadership and 
dedication.

Members of the committee had nothing but praise for Mountan 
and expressed gratitude for his work over the years.

“No way to replace an old-school, wise, and practical 
veterinarian with a golden touch on this committee. Your 
presence will be missed!” said Gabriel Cook.

“In your long and storied career, you have really helped 
support the health and welfare of horses through your work as 
a practitioner, your influence in the sport horse arena, and your 
committee work for the Zweig Fund. Salut!” said Ann Dwyer. 
Patricia Wehle seconded these comments.

“You are a great mentor and will be missed,” said Robert Tugel.

“Paul has been a standout member of the Zweig Committee for 
a long, long time. We will miss him!” said William Wilmont, 
with which Brian Zweig wholeheartedly agreed.

Pictured on this page: Paul Mountan DVM after a trail ride with 
Theresa, a retired Argentine polo mare he adopted from her 
former owner after her eye was injured in a polo game. Photo 
provided.

To mark the 40th anniversary of the Zweig Fund and its partnership with Cornell University, we 
have many events planned for late 2019, including research presentations by faculty supported by 
the fund, lectures on other equine-related research topics, a tour of the new facilities, and a reception 
to commemorate the event.

Wednesday, November 13, 2019
Cornell University College of Veterinary Medicine | Ithaca, New York 14853

Information: 1-877-888-3766  |  www.vernondowns.com/racing

Zweig Memorial Trot 2018
Vernon Downs, Vernon, N.Y. | Friday, August 17, 2018 | Post time: 6:45 p.m.
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Heidi Reesink is doing big-picture research at a microscopic 
level to improve equine joint health. “Horses are often 
confronted with bone and joint injuries that have limited 
treatment options,” said Reesink, assistant professor at the 
Cornell University College of Veterinary Medicine. “I want 
to develop therapies that will restore joint function and 
prevent the development of career-ending arthritis.”

Zweig awarded funds to Reesink for her study “Intra-
Articular Recombinant Lubricin to Restore Joint Lubrication 
and Prevent Osteoarthritis in Horses,” which will determine 
if recombinant lubricin is an effective therapy for horses. 
Naturally produced by the body, lubricin, a sugar-coated 
glycoprotein, helps lower friction in joints and protects 
cartilage. Reesink’s project looks to use recombinant 
lubricin – lubricin produced in the lab – in treating joint 
inflammation and lameness.

“We’re working on ways to restore effective joint lubrication 
through sugar-rich lubricating molecules,” she said in 
reference to the glycoprotein. Lubrication is paramount to 
joint health; joint fluid nourishes and preserves cartilage 
structure for decades. Cartilage and bone injury can lead to 
lameness, which is the leading cause of retirement in horses. 
Around 60 percent of those cases are due to arthritis, said 
Reesink.

The two-year study will analyze how hyaluronic acid and 
recombinant lubricin behave in horses. “My long-term 
objective is to translate lubricin therapy to equine clinical 
patients,” said Reesink.

Although results have been promising in rodent and mini 
pig models, this therapy has yet to be tested in horses, in 
part due to technical challenges associated with producing 
sufficient quantities of recombinant lubricin in the lab for 
such a large animal, and because of competing demands for 
testing recombinant lubricin in human clinical trials.

“As a large animal orthopedic surgeon and clinician scientist, 
my objective is to translate promising basic research from 
the bench to stallside,” said Reesink. Her work has been 
largely interdisciplinary, and she’s collaborated with 
researchers across the university, specifically chemical and 
biomedical engineers, to apply engineering principles to 
the field of osteoarthritis and joint lubrication. She currently 
runs an additional Zweig-funded study to leverage these 
collaborations in a project called “Quantitative Computed 
Tomography and Bone Quality Assessment for the 
Prediction of Fetlock Breakdown Injuries in Racehorses.”

Photos by Elvina Yau

Project pioneers equine osteoarthritis therapy

IN CASE YOU MISSED IT

Lecture Schedule at the 9th Annual Harry M. Zweig Memorial Fund for Equine Research Poster Session & Talks,  
held on Wednesday, November 29, 2017:

•  How Zweig Funding Changed Accepted Paradigms in Regenerative Medicine (Lisa Fortier, James Law Professor of Large 
Animal Surgery)

•  The Mesenchymal Stem Cell Secretome in Equine Wound Management (Gerlinde Van de Walle, Harry M. Zweig Assistant 
Professor in Equine Health)

•  Regenerative Approaches for Recurrent Laryngeal Neuropathy (Jonathan Cheetham, Associate Professor, Section of Large 
Animal Surgery)

•  Equine Biobanking - Paving the Way to Personalized Medicine (Marta Castelhano, Director of the Cornell Veterinary 
Biobank)

•  Vaccination of Horses with Lyme Vaccines for Dogs Induces Short-Lasting Antibody Responses (Cassandra Guarino, 
Extension Associate)

By Elvina Yau and Melanie Greaver Cordova
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CORNELL UNIVERSITY
COLLEGE OF VETERINARY 
MEDICINE 
2018 HARRY M. ZWEIG 
MEMORIAL  
FUND COMMITTEE

Scott Ahlschwede, DVM 
Rood & Riddle Equine Hospital 
Saratoga Springs, NY

Chad Brown  
Saratoga Springs, NY

Gabriel Cook, DVM
New England Equine Practice 
Patterson, NY

Janet Durso, DVM 
Middletown, NY

Ann Dwyer, DVM 
Genesee Valley Equine Clinic, LLC 
Sottsville, NY

Laura Javsicas, VMD 
Rhinebeck Equine LLP 
Rhinebeck, NY

Ronald Ochrym 
Executive Director 
New York State Gaming Commission 
Schenectady, NY

Robert Tugel, DVM 
Avon, NY

Lorin D. Warnick, DVM, Ph.D. 
Austin O. Hooey Dean of Veterinary Medicine 
Cornell University College of Veterinary 
Medicine 
Ithaca, NY

Patricia Wehle 
Fairport, NY

William Wilmot, DVM 
NYS Thoroughbred Breeding & Development 
Fund Corporation  
Saratoga Springs, NY

M. Kelly Young 
Executive Director  
Agriculture & NYS Horse Breeding 
Development Fund 
Schenectady, NY

Brian Zweig 
Rensselaer, NY

Correction - In the October 2017 story “Zweig funding enables advanced 
treatment for horses with atrial fibrillation at Cornell,” Dr. Bruce 
Kornreich’s name was misspelled on the page five photo caption.

The Harry M. Zweig Memorial Fund for Equine Research honors the late Dr. Harry 
M. Zweig, a distinguished veterinarian, and his numerous contributions to the state’s 
equine industry. In 1979, by amendment to the pari-mutuel revenue laws, the New 
York State Legislature created the fund to promote equine research at the College of 
Veterinary Medicine, Cornell University.  The Harry M. Zweig Committee is established 
for the purpose of administering the fund and is composed of individuals in specified 
state agencies and equine industry positions and others who represent equine breeders, 
owners, trainers, and veterinarians.
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Chad Brown
While in high school, Brown got his first 
experience around horses working with 
standardbred trainer Paul Kelley. While 
at Cornell University, Brown worked 
summers for Hall of Fame trainer Shug 

McGaughey. While intending to undertake veterinary 
studies - even interning with Steve Allday - he instead took 
fulltime employment with Hall of Fame trainer Bobby Frankel 
following graduation.

Brown opened his own racing stable in November 2007. In 
ten years, Brown has achieved over 1,000 wins including eight 
Breeders Cup races and the 2017 Preakness Stakes. This year’s 
Preakness success follows a career year for Brown. In 2016 he 
was the leading trainer in America by earnings and number 
of graded stakes wins, and earned the Eclipse Award for 
Outstanding Trainer.

M. Kelly Young
In the two decades since she graduated from 
Boston University with a biology degree, 
Young has worked on horse or farming 
issues. She first started as an Associate 
Editor with The Horsemen and Fair World, 

before moving on to the position of Executive Director of the 
Harness Horse Breeders of New York State. For the last decade, 
Young has been affiliated with the New York Farm Bureau, 
working up to her most recent position as Deputy Director of 
Public Policy from Associate Director of Communications and 
Senior Associate Director for National Affairs.

Young is a three-time winner of the John Hervey Award for 
Journalistic Excellence, awarded by the United States Harness 
Writers Association and is presently the President of the 
Saratoga Harness Hall of Fame. Young is a fifth-generation 
horseperson and grew up on Castleton Farm of New York, a 
Standardbred breeding farm located just outside Goshen, NY.

Welcome to our new Zweig Committee members

Our site provides information on the projects and publications resulting from the Zweig 
Memorial Fund, and demonstrates the objectives of the Fund in promoting equine health in the 
racing industry. The Zweig News Capsule is published twice a year, and can be downloaded at 
bit.ly/ZweigNews. Please encourage other equine enthusiasts to visit the site.

Cornell University is an equal-opportunity, affirmative-action educator and employer.
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New heights of inquiry:
Untangling roaring’s genomic origins
By Lauren Cahoon Roberts

Thanks in part to Zweig funding, Cornell veterinarian 
and scientist Dr. Dorothy Ainsworth, professor of large 
animal medicine, and a team of collaborators have begun 
to unveil the genomic underpinnings of recurrent laryngeal 
neuropathy (RLN), or roaring.

Roaring is a common and economically important cause 
of exercise intolerance, and tends to occur more frequently 
in taller horses. The left side of a horse’s laryngeal muscles 
become ‘sluggish’ due to the degeneration of the nerve 
controlling those muscles, causing issues with breathing 
during exercise. Treatments usually involve a surgery that 
‘ties back’ the ineffective muscle, or more experimental 
techniques to re-innervate the atrophying larynx (see 
“Rethinking roaring treatment” on page 4).

As a veterinary internist, Ainsworth knew the clinical 
aspects of the disease very well, including the anecdotal 
evidence that taller horses were usually more likely to 
suffer from roaring. However, very little was known about 
why this was the case. This mystery led her to collaborate 
with Michigan State University scientists Dr. Ed Robinson 
and Ms. Ashley Braman, and Cornell geneticists Dr. Adam 
Boyko and Dr. Samantha Brooks (now at the University of 
Florida), to learn more about the disease on a genetic level. 
They first looked at the disease in Thoroughbreds, which 
have a prevalence of roughly 11 percent of RLN within the 
breed.

Thanks to help from numerous equine practitioners, horse 
owners/trainers and scientists at the Cornell Veterinary 
Biobank (Drs. Rory Todhunter, Marta Castelhano and Ms. 
Liz Corey), Cornell Biotechnology Resource Center (Dr. 
Peter Schweitzer), and GeneSeek (Dr. Jeremy Walker), the 

team analyzed over 500 samples of Thoroughbred DNA in a 
genome-wide association study (GWAS) to determine what 
genomic factors might be at play in the condition — and 
to tease out how horses’ heights were involved. In a study 
published in BMC Genomics in 2014, the group reported 
that the two traits were strongly aligned in the genetic 
code — each associated with a single locus on chromosome 
three (ECA3). This association could mean several things, 
Ainsworth explained. One explanation could be that the 
genes cause a horse to be tall, thus making their laryngeal 
nerves extra-long and potentially (but not inevitably) more 
vulnerable to wear and tear. A second explanation is that the 
genes on ECA3 not only code for growth but allow for the 
transcription of other genes affecting diverse physiological 
functions, including nerve function. A third explanation 
could be that there are two separate genes on the ECA3 locus 
that independently underwent mutations (affecting height 
and nerve function) but have been ‘linked’ due to the limited 
genetic diversity in Thoroughbreds.

To further investigate the relationship between height and 
RLN, and at the suggestion of Cornell colleague Dr. Rory 

Lor-Rob Dairy Farm Belgians
Photo provided by Jocelyn Barie
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Todhunter, the team opted to examine another breed that 
frequently suffers from RLN — the American Belgian draft 
horse, which experiences a prevalence of roaring as high as 
40 percent.

With help from Jean Young, an LVT at the college, 
Ainsworth and a second team (her collaborators at MSU 
Drs. Robinson, Stick, Ms. Braman), independently traveled 
around the Northeast and Midwest conducting laryngeal 
endoscopic examinations, measuring wither heights and 
collecting blood samples from over 500 American Belgian 
draft horses. They published their results in the journal 
Physiological Genomics in fall of 2018. “Just like with the 
Thoroughbreds, we found that roaring was associated 
with a specific chromosome,” said Ainsworth. Yet in this 
breed, it was chromosome 15, not chromosome three. “The 
association of RLN with the genetic marker on ECA15 was 
strongest for males, suggesting that estrogen may have a 
protective effect on the associated candidate gene function,” 
Ainsworth explained.  “However, this is only a hypothesis 
that requires further investigation.”

To complicate matters further, when the team conducted 
a GWAS for height in the American Belgian draft horses, 
they did not see a neat one-to-one genotypic correlation 

to roaring as they had in Thoroughbreds (even though 
taller draft horses are more likely to have RLN). Instead, a 
strong association pattern emerged on an entirely different 
chromosome — chromosome one.  “This indicates that, for 
American Belgian draft horses, a growth trait correlated with 
height, but not necessarily absolute height itself, increases 
the risk of roaring,” said Ainsworth.

As the genetic plot thickens for roaring, Ainsworth would 
like additional investigations of chromosome 15 in draft 
horses to be conducted: Perhaps a custom-designed genetic 
array would allow investigators to further tease out possible 
associations in the genetic code, and pave the way to more 
clarity on the multi-layered link of equine height and 
roaring.

So, does breeding horses to be tall condemn them to a fate of 
roaring? Not necessarily, said Ainsworth. “RLN is a complex 
genetic trait, and the genomic analysis only explains 45 
percent of the variation in the RLN type in Thoroughbreds, 
and only 26 percent in the American Belgian Draft Horse.” 
Clearly, despite genetic predisposition, environmental 
factors also play a role — but what those factors are remains 
to be determined.

Dr. Dorothy Ainsworth



As an equine surgeon, Michelle Delco ’98, D.V.M. ’03, Ph.D. 
’16, frequently treats horses with arthritis and fractures that 
go into the joint. As a researcher, she hopes to figure out 
how to help her patients much sooner. “There are many 
reasons why horses break down on the track,” said Delco, 
an assistant research professor in the Department of Clinical 
Sciences, “but in many cases, the first domino to fall is 
probably a low-grade cartilage injury.”

Joints that have suffered even mild damage often develop 
arthritis, but it can take months, years, sometimes decades 
for the first, painful symptoms to show up. At that point, the 
joint damage is irreversible. Currently no replacement exists 
for healthy cartilage, which cushions the ends of bones and 
ensures frictionless joint movement. When cartilage is lost, 
the underlying bone is exposed to repeated microtrauma 
and may become brittle and ripe for fracture.

“So my motivation is to try to find out why we get ongoing 
tissue damage after a joint injury,” Delco explained. “What 
can we do to prevent and treat it before it’s too late?” The 
answers, she believes, lie in the mitochondria.

Often referred to as “the powerhouses of the cell,” 
mitochondria evolved from bacteria that lived symbiotically 
in other organisms, converting nutrients and oxygen into 
energy for normal tissue functioning and repair. “I totally 
geek out when I talk about mitochondria, because they’re 
just amazing little organelles,” Delco said. “They even have 
their own genome, which is separate and different from the 
DNA in our chromosomes.”

This unique attribute, however, can cause problems when 
mitochondria dysfunction and release mitochondrial 
damage-associated molecular patterns (mDAMPs). The 
body’s immune system interprets mitochondrial DNA as a 
foreign invader and fights back, creating inflammation and 
ongoing tissue damage.

While this process is known to take place in other tissues, 
Delco’s research on mDAMPs in cartilage is new. The 
concept stems from her previous work. “We know that 
mitochondria in cartilage cells dysfunction when you 
already have arthritis, but we were the first to look at 
mitochondria immediately after a joint injury,” she said. 
These earlier studies showed that impact injury to live 
cartilage causes chondrocytes (cartilage cells) to undergo 
mitochondrial dysfunction. The next piece of the puzzle is 

to determine how this cell dysfunction turns into a joint-
wide problem with self-perpetuating tissue damage — that’s 
where mDAMPs come in.

Delco is running four experiments to assess the role of 
mDAMPS in early joint injury and arthritis: First, she 
is stressing chondrocytes on a dish with chemicals that 
cause mitochondria to fail in different ways. “I’ll see what 
makes them spit out mitochondrial DNA, which will tell 
me some of the mechanisms going on inside the cell,” she 
explained. Zooming out, another study will determine if 
mitochondrial dysfunction caused by mechanical injury to 
chunks of cartilage results in mDAMP release. Delco hopes 
these studies will reveal the most sensitive indicators of 
mitochondrial dysfunction and early cartilage injury.

To gauge the relationship between cartilage injury and 
mDAMPs in live animals, Delco is drawing on joint fluid 
samples collected a few years ago for her doctoral work on 
experimental high-speed injuries to articular cartilage in 
horses. Finally, she plans to look at mDAMPs in samples 
collected from horses being treated for naturally occurring 
joint injuries.

Ultimately, Delco hopes her research will help turn 
mDAMPs in joint fluid into a useful biomarker — a non-
invasive diagnostic and prognostic tool after joint injury. “If 
mDAMPs are signaling ongoing inflammation and tissue 
damage, acting as the fuel of arthritis, can we figure out how 
to cut this off at the pass?” Delco said. “If we can understand 
some of these early links in the chain, it gives us new ways 
to intervene — not only in horses but also in humans.”

3

Addressing joint issues through mitochondria

Michelle Delco ‘98, D.V.M. ‘03, Ph.D. ‘16

By Olivia Hall
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Jonathan Cheetham, Ph.D. ‘08, associate professor of large 
animal surgery, is pushing the boundaries of roaring 
therapy thanks to the Zweig Foundation.

His research focuses on accelerating the recovery of 
laryngeal nerve grafts — a procedure used to treat 
roaring, a major cause of poor athletic performance in 
race and sport horses. The work may also benefit human 
patients as well.

“The treatment for recurrent laryngeal neuropathy 
in horses has remained unchanged for decades with 
minimal refinements,” says Cheetham. “This proposal 
allows us to transform the way we treat these cases, 
improve the recovery time, and will help avoid common 
complications.”

Touching a nerve

Roaring, also known as recurrent laryngeal neuropathy 
(RLN) causes a gradual degradation of the nerves that 
control the airway muscle known as the cricoarytenoid 
dorsalis, or CAD.

Clinicians have treated this issue by placing a permanent 
laryngoplast suture (a “tie-back”) that holds the larynx 
open — or they attempt to restore function by grafting 
functioning nerves into the denervated airway muscles.

“This method only innervates a small portion of the 
CAD muscle,” says Cheetham, “so recovery is slow and 

limited, and the technique has not yet gained widespread 
acceptance.”

Cheetham wants to change that rate of recovery through a 
new technique. They would adopt the nerve graft approach, 
but instead of innervating one portion of the atrophied 
muscle, he would graft onto the pre-existing nerve root so 
that it would reach all portions of the CAD muscle.

“This change alone should produce a much faster recovery 
than previous nerve-grafting approaches,” says Cheetham.

Tuning up the healing process

In addition to this new surgical approach, Cheetham wants 
to pair the technique with the application of immune cells 
that can fight inflammation and speed healing (known as 
immunomodulation).

“Over the last three years, thanks to support from the Harry 
M. Zweig Memorial Fund and the National Institutes of 
Health, we have begun to understand the basic mechanisms 
behind the role of a particular type of immune cell — the 
macrophage — in peripheral nerve repair,” Cheetham 
explains.

“These cells are the major cell type migrating to the repair 
site and are the ‘conductors of the orchestra,’ laying down 
tiny capillary networks along which other cell types can 
migrate.”

Cheetham’s team developed a sophisticated technique to 

Jonathan Cheetham, Ph.D. ‘08

Rethinking roaring treatment
By Lauren Cahoon Roberts
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isolate macrophages from the site of peripheral nerve 
injury.

Using this technique, they evaluated how genes expressed 
by these macrophages change over time after injury and 
how genes that control the types of macrophages at the 
injury site affect repair after nerve graft.

“We have also shown that these cells change when there 
is a delay between injury and nerve graft, leading to 
modification of the microenvironment at the injury site 
and decreased recovery,” Cheetham says. “Fortunately, 
we’ve found that these effects can be reversed using a 
small molecule, the cytokine interleukin-10, that reduces 
inflammation, and that this reversal leads to improved 
recovery.”

In his latest efforts with this line of inquiry, Cheetham 
wants to change the type of macrophages at the site of 
the nerve graft to improve healing by applying a stable 
hydrogel containing interleukin-10, which will alter the 

   www.vet.cornell.edu/public/research/zweig

To save paper by receiving electronic copies of this 
newsletter, email kjr58@cornell.edu with “subscribe to 

Zweig newsletter” in the subject line
or download at bit.ly/ZweigNews

Straight from the winner’s circle: Fun was had by all at this year’s annual Zweig Trot event hosted by Anna Zweig ’52 and Brian 
Zweig ’80 at Vernon Downs. Zephyr Kronos, above, was the winner of this year’s event. Many faculty members, staff and friends 
attended the event, including Dean Lorin D. Warnick, D.V.M., Ph.D. ‘94, and Associate Dean Dr. Robert Weiss. Photo provided.

type of macrophages present at the injury site.

“We hypothesize that by manipulating the 
microenvironment at the site of nerve graft and changing 
the function of macrophages, this will allow re-growing 
nerve axons to cross the repair site more rapidly and 
functional recovery will be faster and better,” Cheetham 
says. 

Benefits on the horizon

Cheetham’s research team has already tested and proven 
this approach in mice, rats and dogs. With his latest 
Zweig grant Cheetham will now test this hypothesis in 
horses. His hope is that this new approach will result in a 
quicker healing time.

If successful, this equine therapy could also eventually 
benefit human patients who suffer from peripheral nerve 
injury. “The ability to alter the type of macrophages at the 
injury site and improve recovery would be of great benefit 
to these patients,” Cheetham says.

Correction:
In issue 65, we spelled Dr. William Wilmot’s
name incorrectly. We apologize for the error.
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Cornell scientists help reduce racetrack fatalities
By Olivia Hall

New York’s four Thoroughbred racetracks (Aqueduct, 
Belmont, Saratoga and Finger Lakes) provide not only 
popular entertainment, but – with an estimated impact of 
$4.2 billion per year — an important economic engine to 
the state. Equine fatal injuries, however, put a damper on 
the sport’s finances and reputation and threaten its very 
existence.

For the past five years, scientists at the Cornell University 
College of Veterinary Medicine have partnered with the 
New York State Gaming Commission (NYSGC) to tackle 
this issue, a top priority shared by the racing industry. The 
researchers — the core team consists of associate professor 
Sean McDonough; assistant professor Heidi Reesink, 
Ph.D. ‘16; professor Hussni Mohammed; adjunct professor 
and NYSGC Equine Medical Director Scott Palmer, 
Ph.D. ‘08; as well as regulatory racetrack veterinarians 
— have conducted three Zweig-funded, complementary 
epidemiological studies to identify the types of prior 
injuries, changes to bone structure and other factors that 
increase the risk for catastrophic breakdowns. “Identifying 
horses at increased risk for catastrophic injury before it 
happens provides an opportunity for intervention,” said 
Palmer.

The Cornell-NYSGC collaboration began after a well-
publicized rash of 21 fatalities at the Aqueduct Racetrack’s 
2011-2012 winter meet prompted the Governor’s Office 
to appoint the New York Task Force on Racehorse Health 
and Safety. Under Palmer’s leadership, the Task Force 
recommended the creation of a mandatory necropsy 

program, which brought all horses that died at New York 
racetracks to Cornell’s Animal Health Diagnostic Center 
(AHDC) for a postmortem examination. For the past five 
years, this program has documented the immediate cause 
of death as well as other suspected predisposing factors.

Fetlock breakdown injuries emerged as the most common 
cause of New York equine exercise fatalities, especially 
biaxial proximal sesamoid bone (BPSB) fractures. Fracture 
of both of these two tiny, triangular bones at the back of 
the fetlock causes a mechanical disruption of the joint and 
generally requires the horse to be humanely euthanized, 
due to the extensive degree of both bone and soft tissue 
injury.

“One of the most significant pathologic findings of this 
study was subchondral bone sclerosis associated with many 
of the fetlock fracture cases,” Palmer said. Making trainers 
and veterinarians aware of the risk of training horses 
with this pathology in the joint was a first step toward 
improving fatality rates, though identifying associated 
clinical signs and early radiographic changes remains a 
challenge.

Working with computer scientists at The Jockey Club, 
the researchers went on to develop an algorithm to tease 
out links between the exercise histories of horses with 
BPSB fractures and specific exercise protocols or other 
confounding factors. “With this information in hand, we 
were able to begin to identify horses at increased risk for 
this most common type of fatal musculoskeletal injury, 
such as horses that experienced an unusually high amount 
of high-speed training in the interval between their first 
official recorded workout and their first race,” Palmer said.

A parallel research effort has been taking a closer look 
at the gross and histologic anatomy of the proximal 
sesamoid bones (PSB) of horses that have experienced PSB 
fractures. So far, the bones’ size and shape appear to play 
a significant role in their propensity to fracture, furthered 
by the presence of osteoarthritic changes. PBS bone volume 
fraction is also influenced by horses’ exercise regimens.

With multiple pre-existing conditions contributing to 
fatal injuries, the pre-race inspection of Thoroughbred 
racehorses by regulatory veterinarians prior to competition 
emerges as a critical tool for mitigating risk. In a third Scott Palmer, Ph.D. ‘08
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study comparing the pre-race inspections of 90 horses 
that experienced fatal BPSB fractures with those of 180 
control animals, horses with abnormal clinical findings 
of the fetlock joint and gait abnormalities were not only 
more likely to suffer a BPSB fracture, but the probability 
increased with the number of abnormalities recorded.

Palmer and his colleagues are pleased with the positive 
impact their close collaboration with the NYSGC has had 
on the racing industry. Their research findings have made 
their way directly into regulatory policy and have provided 
content for a required continuing education program for 
horse trainers. “Racing fatalities are no longer considered 
to be the inevitable result of a ‘bad step;’ rather they are 
subject to intervention,” Palmer said.
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Thanks to these efforts, combined with implementation 
of many other Task Force recommendations, the number 
of Thoroughbred fatalities at New York racetracks has 
fallen by 42 percent since the fateful Aqueduct winter 
meet, bringing the state’s losses in line with or below the 
national average.

But Palmer and his colleagues aren’t stopping there. 
In future studies, they plan to define a “healthy horse” 
training profile for Thoroughbreds — comparing exercise 
regimens for fatally injured and uninjured horses — to 
provide additional objective criteria to more accurately 
identify horses at increased risk for catastrophic injury and 
help provide trainers with guidelines that will reduce that 
number even further.

The Harry M. Zweig Memorial Fund for Equine Research honors the late Dr. Harry M. Zweig, 
a distinguished veterinarian, and his numerous contributions to the state’s equine industry. In 
1979, by amendment to the pari-mutuel revenue laws, the New York State Legislature created 
the fund to promote equine research at the College of Veterinary Medicine, Cornell University.  
The Harry M. Zweig Committee is established for the purpose of administering the fund and is 
composed of individuals in specified state agencies and equine industry positions and others 
who represent equine breeders, owners, trainers and veterinarians.

To mark the 40th anniversary of the Zweig Fund and its partnership with Cornell University,
we have many events planned for late 2019, including research presentations by faculty supported by the fund,

lectures on other equine-related research topics and a reception to commemorate the event.
Wednesday, November 13, 2019| Cornell University College of Veterinary Medicine | Ithaca, New York 14853
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Welcome to our new Zweig Committee member
Louis M. Jacobs

Jacobs, who holds both a bachelor’s degree and master’s degree in business administration from Harvard 
University, is Co-Chief Executive Officer of Delaware North, a family-owned, global leader in hospitality 
and food service. Delaware North has annual revenue of $3 billion and more than 55,000 employees, and it 
serves half a billion customers annually on four continents.

Jacobs has worked for Delaware North for over thirty years, having served as executive vice president 
and president of Delaware North Companies International, and chairman of the Australian division. His initial focus was on 
Delaware North’s pari-mutuel and gaming operations, with responsibilities for operations, business strategy and expansion of 
the company’s pari-mutuel holdings.

Jacobs has long been active in equestrian sports and has represented the United States in several international events. He 
currently serves as vice president of the board of directors for the National Horse Show, as well as vice chairman of the board of 
directors for the Lake Placid Horse Show Association. He is a member of the board of directors for the Hampton Classic Horse 
Show and the United States Equestrian Team Foundation. He is also a member of the finance committees for the United States 
Hunter Jumper Association and its charitable foundation.

Our site provides information on the projects and publications resulting from the Zweig 
Memorial Fund, and demonstrates the objectives of the Fund in promoting equine health in the 
racing industry. The Zweig News Capsule is published twice a year, and can be downloaded at 
bit.ly/ZweigNews. Please encourage other equine enthusiasts to visit the site.

Cornell University is an equal-opportunity, affirmative-action educator and employer.
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