Cover Letter
0B

Office of Research & Graduate Education
Schurman Hall, Box 38
Ithaca, NY 14853-6401
Research t. (607) 253-3755
Graduate Education t. (607) 253-3276
f. (607) 253-3756

December 10, 2021
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 2020 annual report for the Harry M. Zweig Memorial Fund for
Equine Research, covering the award period of January 1, 2020 through December 31, 2020.
Included with the report are copies of the spring and fall issues of the Zweig News Capsule. We also
hosted a Zoom webinar of faculty research presentations highlighting equine research at Cornell on
November 18, 2020, at the Cornell University College of Veterinary Medicine in Ithaca, New York.
Additional information about the Harry M. Zweig Memorial Fund for Equine Research can be found on
the Zweig Memorial Fund public site at https://bit.ly/zweigfundcornell.
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

&
The Harry M. Zweig
Memorial Fund for
Equine Research

2020 Annual Report

Page 2

2020 Annual Report – Harry M. Zweig Memorial Fund for Equine Research

Table of Contents
Cover Letter ........................................................................................................................................... 1
Table of Contents................................................................................................................................. 3
Summary Report .................................................................................................................................. 4
Research Awards ................................................................................................................................. 5
Progress in 2020 .................................................................................................................................. 6
External Funding .................................................................................................................................. 8
Publications........................................................................................................................................... 9
Patents .................................................................................................................................................. 10
Harry M. Zweig Assistant Professor ............................................................................................. 11
Cornell Clinical Fellow in Equine Health ..................................................................................... 12
APPENDIX A: Lay Summaries for New Awards......................................................................... 13
APPENDIX B: Final & Progress Reports from 2020 ................................................................. 33
APPENDIX C: Summary of 2020 Expenditures .......................................................................... 73
APPENDIX D: 2020 Research Presentations .............................................................................. 74
APPENDIX E: 2021 Research Awards .......................................................................................... 75
APPENDIX F: Zweig News Capsules ............................................................................................ 76

Page 3

2020 Annual Report – Harry M. Zweig Memorial Fund for Equine Research

SUMMARY REPORT
The 2020 Annual Report covering the period of January 1, 2020, through December 31, 2020, is
provided herein.
For this reporting period, the Harry M. Zweig Memorial Fund for Equine Research Committee awarded
funding for seven of fifteen submitted projects. Six of the seven projects were new, first-time
submissions and one was a renewal. Two of the five were recommended for partial funding. The total
amount allocated for new awards for calendar year 2020 was $673,427. This report includes the “lay
summaries” for the public website (Appendix A). There were also three continuation awards approved
for second year funding in the amount of $252,101, allocated at the 2019 annual meeting. The Fund
further supported two resident grants in 2020, submitted through the CVM Resident Research Grants
Program, totaling $19,695. The abstracts are included with the lay summaries of the new awards.
The College hosted a virtual seminar on Friday, August 21, 2020, preceding the Annual Zweig Memorial
Trot at the Vernon Downs Racetrack in New York. Dr. Elaine Claffey, Assistant Clinical Professor at
Cornell Ruffian Equine Specialists (CRES), gave a presentation on upper airway function and
dysfunction in horses.
Additionally, on Wednesday, November 18, 2020, the Veterinary College hosted a Zoom webinar with
scientific talks celebrating the collaboration between the Harry M. Zweig Memorial Fund for Equine
Research and Cornell University College of Veterinary Medicine by showcasing faculty research to the
College community and to the Zweig Committee.
Both webinars can be viewed on the Zweig Virtual Presentations page.
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RESEARCH AWARDS
CONTINUATIONS
Principal Investigator

Project Title

2020 Award

Antczak, Douglas

Functional gene annotation in the horse

$68,537

Cheetham, Jonathan

Accelerating recovery after Laryngeal Nerve Graft in
Horses

$99,643

Reesink, Heidi

Does Proximal Sesamoid Bone Mineral Loss Lead to
Increased Fracture Risk?

$83,921

SUBTOTAL:

$252,101

NEW AWARDS
Principal Investigator

Project Title

2020 Award

Antczak, Douglas

2020 Horse Genome Project Workshop at Cornell

Delco, Michelle

The role of mitochondrial Damage Associated
Molecular Patterns (mDAMPs) in equine joint injury
and disease

$55,768

Felippe, Julia

Diagnostic markers in mares with placentitis

$78,244

Kelly, Kathleen

Genomics of Autopsy–Negative Sudden Cardiac
Death in Racing Thoroughbreds

$76,782

Reesink, Heidi

Unraveling lubricin signaling in equine joint injury

$57,621

Van de Walle, Gerlinde

Studying the replication kinetics of equine parvovirus
hepatitis (EqPV-H)

$49,552

Wagner, Bettina

Nasal immunity and its function in preventing
transmission of EHV-1 in immune horses

$71,571

SUBTOTAL:

$7,000

$396,538

NEW RESIDENT RESEARCH AWARDS
Principal Investigator

Project Title

2020 Award

Perkins, Gillian

Equine gammaherpesviruses and equine gastric ulcer
syndrome (EGUS) -- is there a link?

Diel de Amorim,
Mariana

Can inflammatory markers in low-volume uterine
lavage fluid be used to diagnose mares with
endometrial fibrosis and with acute inflammation?
SUBTOTAL:

$10,000
$9,695

$19,695
$668,334
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PROGRESS IN 2020
PI

Project Title

Term Date

Report Type in
Appendix B

Antczak,
Douglas

Functional Gene Annotation in the Horse

12/31/20

Final report
attached

Antczak,
Douglas

2020 Horse Genome Project Workshop at
Cornell

12/31/21
with NCE*

Progress report
attached

Cheetham,
Jonathan

Accelerating Recovery after Laryngeal Nerve
Graft in Horses

12/31/21
with NCE*

Progress report
attached

Delco,
Michelle

The role of mitochondrial Damage Associated
Molecular Patterns (mDAMPs) in equine joint
injury and disease

12/31/20
with NCE*

Final report
attached

Delco,
Michelle

The role of mitochondrial Damage Associated
Molecular Patterns (mDAMPs) in equine joint
injury and disease

12/31/21
with NCE*

Progress report
attached

Diel de
Amorim,
Mariana

Can inflammatory markers in low-volume
uterine lavage fluid be used to diagnose
mares with endometrial fibrosis and with acute
inflammation?

5/31/21

Final report
attached

Fubini, Susan

The Relationship between Obesity and PostOperative Incisional Infections Following
Abdominal Surgery in the Horse

6/30/20
with NCE*

Final report
attached

Perkins,
Gillian

Validation of an Equine Stall-side Major
Crossmatch Test

5/31/2020
with NCE*

Final report
attached

Perkins,
Gillian

Equine gammaherpesviruses and equine
gastric ulcer syndrome (EGUS) -- is there a
link?

12/31/21
with NCE*

Progress report
attached

Reesink,
Heidi

Proximal sesamoid bone microdamage and
fracture toughness in Thoroughbred
racehorses

5/31/20
with NCE*

Final report
attached

Reesink,
Heidi

Does Proximal Sesamoid Bone Mineral Loss
Lead to Increased Fracture Risk?

12/31/21
with NCE*

Progress report
attached

Van de Walle,
Gerlinde

The Mesenchymal Stem Cell Secretome
Against Equine Herpesvirus Type I Infections

12/31/21
with NCE*

Progress report
attached

Van de Walle,
Gerlinde

Studying the replication kinetics of equine
parvovirus hepatitis (EqPV-H)

12/31/21
with NCE*

Progress report
attached
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Wagner,
Bettina

Intranasal Biomarkers of EHV-1 Susceptibility
and Protection

12/31/20
with NCE*

Final report
attached

Wagner,
Bettina

Towards a neonatal vaccine against equine
herpesvirus type 1 (EHV-1)

12/31/20

Final report
attached

*NCE = No Cost Extension
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EXTERNAL FUNDING
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.
Heidi Reesink (current Zweig Assistant Professor), May 2020 – $5000
Zweig Award: Does proximal sesamoid bone mineral loss lead to increased fracture risk? ($145,272)
Grayson Jockey Club Research Foundation Award: Bisphosphonates and Fatal Musculoskeletal Injury
($61,977, 4/1/20-3/31/21)
Gerlinde Van de Walle (former Zweig Assistant Professor), May 2020 – $5000
Zweig Award: Studying the replication kinetics of equine parvovirus hepatitis (EqPV-H) ($49,552)
USDA-NIFA-AFRI Award: Epidemiology and pathogenicity of equine parvovirus-hepatitis
($500,000, 7/1/20-6/30/23)
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PUBLICATIONS
Divers, T.J. and Tomlinson, J.E., 2020. Theiler's disease. Equine Veterinary Education, 32(2), pp.63-65.
Radtke, A., Fortier, L.A., Regan, S., Kraus, S. and Delco, M.L., 2020. Intra‐articular anaesthesia of the
equine stifle improves foot lameness. Equine veterinary journal, 52(2), pp.314-319.
Vengust, M., Jager, M.C., Zalig, V., Cociancich, V., Laverack, M., Renshaw, R.W., Dubovi, E.,
Tomlinson, J.E., Van de Walle, G.R. and Divers, T.J., 2020. First report of equine parvovirus‐hepatitis‐
associated Theiler’s disease in Europe. Equine veterinary journal, 52(6), pp.841-847.
Tallmadge, R.L., Antczak, D.F. and Felippe, M.J.B., 2020. Genetics of immune disease in the horse.
Veterinary Clinics: Equine Practice, 36(2), pp.273-288.
Hill, J.A., Tyma, J.F., Hayes, G.M., Radcliffe, R. and Fubini, S.L., 2020. Higher body mass index may
increase the risk for the development of incisional complications in horses following emergency ventral
midline celiotomy. Equine veterinary journal, 52(6), pp.799-804.
Fenn, M.S., Bortsie‐Aryee, A.D., Perkins, G.A., Mann, S., Tomlinson, J.E., Wood, E.M., Mix, S.E. and
Stokol, T., 2020. Agreement of stall‐side and laboratory major crossmatch tests with the reference
standard method in horses. Journal of veterinary internal medicine, 34(2), pp.941-948.
Raza, F., Ivanek, R., Freer, H., Reiche, D., Rose, H., Torsteinsdóttir, S., Svansson, V., Björnsdóttir, S.
and Wagner, B., 2020. Cul o 2 specific IgG3/5 antibodies predicted Culicoides hypersensitivity in a group
imported Icelandic horses. BMC veterinary research, 16(1), pp.1-12.
Harman, R.M., Patel, R.S., Fan, J.C., Park, J.E., Rosenberg, B.R. and Van de Walle, G.R., 2020. Singlecell RNA sequencing of equine mesenchymal stromal cells from primary donor-matched tissue sources
reveals functional heterogeneity in immune modulation and cell motility. Stem Cell Research & Therapy,
11(1), pp.1-15.
Tomlinson, J.E., Jager, M., Struzyna, A., Laverack, M., Fortier, L.A., Dubovi, E., Foil, L.D., Burbelo, P.D.,
Divers, T.J. and Van de Walle, G.R., 2020. Tropism, pathology, and transmission of equine parvovirushepatitis. Emerging microbes & infections, 9(1), pp.651-663.
Tomlinson, J.E., Wolfisberg, R., Fahnøe, U., Sharma, H., Renshaw, R.W., Nielsen, L., Nishiuchi, E.,
Holm, C., Dubovi, E., Rosenberg, B.R. and Tennant, B.C., 2020. Equine pegiviruses cause persistent
infection of bone marrow and are not associated with hepatitis. PLoS pathogens, 16(7), p.e1008677.
Corbin, L.J., Pope, J., Sanson, J., Antczak, D.F., Miller, D., Sadeghi, R. and Brooks, S.A., 2020. An
Independent Locus Upstream of ASIP Controls Variation in the Shade of the Bay Coat Colour in Horses.
Genes, 11(6), p.606.
Cosgrove, E.J., Sadeghi, R., Schlamp, F., Holl, H.M., Moradi-Shahrbabak, M., Miraei-Ashtiani, S.R.,
Abdalla, S., Shykind, B., Troedsson, M., Stefaniuk-Szmukier, M. and Prabhu, A., 2020. Genome diversity
and the origin of the Arabian horse. Scientific reports, 10(1), pp.1-13.
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PATENTS
Wagner, Bettina. 2019. Quantitative Biomarkers of EHV-1 Susceptibility and Protection. US Patent
16,975,589, file date February 26, 2019, 371 date August 25, 2020.
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Heidi L. Reesink, VMD, PhD, DACVS-LA
Harry M. Zweig Assistant Professor in Equine Health 2019-2021
Heidi Reesink has been named the Harry M. Zweig Assistant Professor in
Equine Health in honor of her ambitious research program to detect horses at
risk for catastrophic injuries and to develop new treatments for arthritis.
The professorship is a three-year, endowed position for a junior faculty
member who shows great promise for advancing equine research. It can be
instrumental in helping junior faculty secure funding and develop high-level
publications necessary for long-term success. Reesink has received grants
previously from the Zweig Memorial Fund to support individual research
projects. She has also received support from the Grayson-Jockey Club
Research Foundation, the Cornell Center for Advanced Technology, the
Cornell Center for Materials Research and the National Institutes of Health
through a Mentored Clinical Scientist Development Award, a highly
competitive grant to advance the careers of promising researchers.
“Dr. Reesink is recognized as a rising star among junior faculty and an
important contributor to our college community,” says Robert Weiss,
Associate Dean for Research and Graduate Education. “One of the main
concerns of the Harry M. Zweig Memorial Fund is catastrophic racehorse injury. Solving this problem is a critical need in
the racing industry and she’s doing some exciting work in that area.”
Catastrophic musculoskeletal injuries – mainly broken legs – are the main cause of death for racehorses. “We would like to
understand how these fractures occur and to develop better methods to screen for racehorses at risk of fracture,” says
Reesink.
She is working with Dr. Scott Palmer, the equine medical director for the New York State Gaming Commission, in addition
to epidemiologists and pathologists to examine horses that died after sustaining fractures to their proximal sesamoid bones
(PSBs) – two knobby, triangular bones at the back of the fetlock joint. Often, racehorses with this injury have no telltale
signs of lameness during pre-race examinations or X-rays. Reesink is comparing the PSBs from the uninjured leg of those
horses to PSBs from horses that died of other causes, using advanced CT scans. She hopes to develop better screening
procedures to identify horses susceptible to fractures.
Reesink is also looking into new treatments and early detection methods for arthritis. “Joint disease and osteoarthritis are
the leading cause of lameness in horses, but there are limited options for treating arthritis in horses and in humans,” says
Reesink. “A long term goal is to develop better therapies, that will both provide longer and better pain relief and that, ideally,
will prevent or delay the development of arthritis.”
After an injury, many – but not all – horses develop arthritis, so Reesink is examining the synovial fluid that bathes the joints
to identify biomarkers that would indicate which horses are at risk and might benefit from preventive therapies. She is also
investigating lubricin, a sugar-coated protein in the synovial fluid that provides lubrication, to see if an injection of lubricin
can treat lameness. Additionally, along with pharmaceutical industry colleagues, Reesink is testing whether horses benefit
from human arthritis medicines that are not available on the veterinary market.
Reesink is passionate about “one medicine,” the concept that human and veterinary biomedical research can each inform
the other. She believes that while providing treatment for animals, she can also offer insights to advance human health, and
hopes her work will translate into clinical applications that benefit both horses and people.
As a former athlete herself, Reesink has fractured bones and injured joints while playing volleyball, competing in tae kwon
do events, snowboarding and running, and so she understands the challenges and potential for developing better treatments
for sports injuries. “I saw equine orthopedic surgery as a way to combine my love of the horse as well as my desire to
advance the science of sports medicine.”
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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 twoyear 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 2020.
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APPENDIX A
Lay Summaries for New Awards
Antczak, Douglas

2020 Horse Genome Project Workshop at Cornell

Delco, Michelle

The role of mitochondrial Damage Associated Molecular Patterns
(mDAMPs) in equine joint injury and disease

Felippe, Julia

Diagnostic markers in mares with placentitis

Kelly, Kathleen
(PI change to Rory
Todhunter 12/15/20)

Genomics of Autopsy–Negative Sudden Cardiac Death in Racing
Thoroughbreds

Reesink, Heidi

Unraveling lubricin signaling in equine joint injury

Van de Walle, Gerlinde

Studying the replication kinetics of equine parvovirus hepatitis
(EqPV-H)

Wagner, Bettina

Nasal immunity and its function in preventing transmission of EHV-1 in
immune horses

Perkins, Gillian

Equine gammaherpesviruses and equine gastric ulcer syndrome
(EGUS) -- is there a link?

Diel de Amorim, Mariana

Can inflammatory markers in low-volume uterine lavage fluid be used
to diagnose mares with endometrial fibrosis and with acute
inflammation?
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Principal Investigator:
Title:
Project Period:

Dr. Douglas F. Antczak
2020 Horse Genome Project Workshop at Cornell
1/1/20 – 12/31/20

LAY SUMMARY
Cornell has been a leader in equine genetics and genomics research for over two decades. This
leadership continues with current Zweig-funded research on functional annotation of the equine genome
sequence. The goal of this project is to identify DNA sequences that control the expression of genes in
the various organs and tissues of the horse. This research is part of a major international collaboration
of the Horse Genome Project. The results from this project are expected to contribute to our
understanding of the molecular basis of complex equine conditions that have both genetic and
environmental influences, including musculoskeletal, cardiovascular, and respiratory diseases that
affect the performance of racehorses.
In January 2019 during equine sessions of the Plant and Animal Genome conference in San Diego, the
Antczak laboratory submitted a successful bid to host the 13th International Horse Genome Workshop
meeting in Ithaca at the College of Veterinary Medicine. This continuing series of workshops has been
held every two years in various venues around the globe, but never at Cornell. The Workshop will be
convened in summer 2020 by the Dorothy Russell Havemeyer Foundation, Inc., which will provide
$35,000 to cover most of the expenses of the meeting. In addition, the Baker Institute will provide the
venue for the scientific sessions at no additional cost. In August 2019 Dr. Ernie Bailey, leader of the
equine section of the USDA NRSP8 National Animal Genome Project, committed an additional $10,000
towards the Workshop.
The Horse Genome Workshop will consist of two and one half days of meetings with several sessions,
including keynote lectures by prominent equine geneticists from around the world, small group
breakouts, and hands-on instruction in bioinformatic analysis of equine genome data. The workshop
will also include analysis of data from laboratories at several sites, including Cornell, on functional
annotation of the equine genome.
Without additional funding, the workshop will be restricted to standing members of the International
Horse Genome Workshop community and limited to approximately 75 people in total. Thus, here we
apply to the Zweig Fund in 2019 for $7,000 to be added to the funds already committed by the
Havemeyer Foundation and the USDA NRSP8 National Animal Genome Project. With these additional
funds we would be able to invite participation from as many as 25 Cornell equine faculty and trainees,
up to a total of 100 people (maximum capacity of the Baker Institute Thaw Lecture Theater, where the
main sessions will be held). The monies would be used to provide meals for the local participants
(continental breakfast, lunches, coffee and tea breaks, evening dinners, and social events) and to defray
other costs associated with a larger audience. No registration fees are charged at Havemeyer
Workshops. We are also seeking additional funds from other sources, including the US Dept. of
Agriculture and horse organizations.
The funds we request would leverage resources already in place for this meeting. Participation in the
workshop will provide Cornell equine scientists and clinicians with cutting edge information about equine
genomics and foster the formation of new research projects and interdisciplinary collaborations that will
help Cornell strengthen its position as a leading institution for equine research and clinical application.
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Principal Investigator:
Title:
Project Period:

Dr. Michelle L. Delco
The role of mitochondrial Damage Associated Molecular Patterns
(mDAMPs) in equine joint injury and disease
1/1/20 – 12/31/20

LAY SUMMARY
Background:
There is arguably no more urgent health issue to the short- and long-term welfare of equine athletes,
and therefore the future of the horseracing industry, than that of traumatic joint injury. Cartilage provides
near-frictionless joint surfaces and cushioning to protect underlying bone. Evidence suggests that even
mild cartilage damage can impair its ability to dissipate loads, exposing the underlying bone to repeated
micro-trauma, which can ultimately lead to fracture and break-down injury. Therefore, understanding
how cartilage responds to mechanical forces and perpetuates damage signals throughout the joint is
critical to preventing joint trauma in equine athletes. Recent work by our group revealed that
mitochondrial dysfunction is one of the very earliest responses of cartilage to overloading. Mitochondria
are best known as the “powerhouses” of cells, because these organelles produce the energy required
for normal tissue function and repair. Remarkably, mitochondria also act as mechanotransducers; they
sense physical forces applied to tissue and convert those signals into biological responses. In other
tissues, injury-induced mitochondrial dysfunction causes cells to release danger signals, or mDAMPs
(mitochondrial Damage Associated Molecular Patterns). These mDAMPs can act as molecular triggers,
inducing inflammation and perpetuating tissue damage. However, the role of mDAMPs has not been
investigated in association with joint trauma in horses, or in other species.
Hypothesis:
mDAMPs are released from chondrocytes in response to injury-induced mitochondrial dysfunction.
Furthermore, mDAMPs in equine synovial fluid are associated with 1) cartilage and bone changes
after experimental cartilage injury, and 2) clinical signs after naturally-occurring joint injury.
Specific Aims:
Broadly, Aim 1 will investigate the types of injury that lead to extracellular mDAMP release by cartilage.
More specifically, Aim 1a will test the hypothesis that mitochondrial dysfunction is a specific trigger for
mDAMP release. Chondrocytes grown in culture will be stressed with several compounds, including a
general inflammatory stimulus (IL-1β), an oxidant (hydrogen peroxide), and three specific inducers of
mitochondrial dysfunction (oligomycin, rotenone, FCCP). Culture media will be analyzed for three
mDAMPs: 1) Mitochondrial DNA (mtDNA) will be measured by quantitative PCR, 2) The mitochondrial
protein cytochrome C will be quantified by ELISA, and 3) the mitochondria-specific phospholipid
cardiolipin will be quantified by TTAPE-Me assay. Aim 1b will investigate if mDAMP release from
cartilage occurs after mechanical overloading. Previous work by our group revealed that mitochondrial
dysfunction is an immediate response of cartilage to impact-injury. In that study, live cartilage explants
were injured, then maintained in culture for one week and media was harvested and frozen. This banked
media will be analyzed for mDAMPs, as described above. Results of Aim 1 will provide insight into how
mDAMP release is triggered, and therefore how it may be manipulated therapeutically.
Specific Aim 2 will analyze mDAMPs in equine joint fluid, in order to determine if mDAMPs are a useful
indicator of early cartilage/bone injury. Joint fluid previously collected from 1) horses that have had
experimental injury to their articular cartilage, and 2) horses with naturally occurring joint injuries will be
analyzed as described in Aim 1. The concentration of mDAMPs will be compared to microscopic
changes in cartilage and bone after experimentally induced joint injury, and to clinical findings
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(lameness, joint swelling, radiographic bone sclerosis, cartilage damage at arthroscopy, etc.) in clinical
patients presenting with joint injury. Three sources for clinical samples will be utilized: cases presenting
to the Cornell Hospital for Animals in Ithaca, NY, cases presenting to Cornell Ruffian Equine Specialists
in Elmont, NY and historic samples already available through the Cornell Biobank. Results of Aim 2 will
determine if mDAMPs are a useful indicator of subclinical joint injury in horses, and which horses may
benefit from early intervention.
Building on previous work and utilizing samples (in Aims 1b and 2) that have been previously harvested
and banked will allow us to complete the proposed studies, while obtaining the maximum amount of
information within the 2-year time frame of this proposal.
Relevance to equine health and racing:
Understanding the role of mDAMPs has the near-term potential to change the way we diagnose and
treat joint injury in horses. Currently available therapies only mask pain, and are instituted after
irreversible cartilage and bone damage have already occurred, predisposing horses to further injury.
The goal of this research is to identify early/subclinical joint injury, and to develop targeted disease
modifying therapies to break the cycle of ongoing damage. For example, several drugs are being
investigated which could block mDAMP release, and act as anti-inflammatories while protecting
cartilage and underlying bone. mDAMPs are promising candidate biomarkers, and screening in joint
fluid could serve as a practical test for early joint damage, to identify horses requiring therapy or modified
training programs. This grant will provide data in support of a larger NIH grant proposal (R01) to further
investigate these questions.
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Principal Investigator:
Title:
Project Period:

Dr. Julia Felippe
Diagnostic markers in mares with placentitis
1/1/20 – 12/31/21

LAY SUMMARY
Pregnancy loss and neonatal mortality have a significant economic impact on the equine industry, with
economical and emotional significance to horse owners. Placentitis in pregnant mares is the most
common cause of abortion, stillbirths, and neonatal infections. The major clinical challenge when
managing pregnant mares is the identification of the early stages of infection and inflammation of the
placenta, i.e. determining the diagnosis of subclinical placentitis. Early diagnosis of placentitis allows
prompt treatment intervention before severe inflammation establishes, and increases the chances of
carrying on the pregnancy for fetal development.
Published parameters in experimentally-induced placentitis have not been thoroughly tested in
naturally-occurring placentitis, and available data show discordancy between parameters tested in
experimentally- and naturally-occurring placentitis. Also, studies in the field indicate that: a) there is not
a known blood parameter that can provide an early diagnosis of naturally occurring placentitis; b) that
dynamic changes in blood parameters are likely to happen during the early and later stages of
placentitis, which complicates interpretation of results; and c) it is uncertain how some of these
parameters are different from those in healthy pregnancies. Our 2-year study involving a large herd of
broodmares and a group of investigators with complementary experience in this area will gather the
missing information, with the goal to identify a combination of parameters that are revealing of abnormal
pregnancy in a timely manner for treatment intervention.
Our overall hypothesis is that a combination of clinical, immunological and hormonal parameters will
improve the diagnosis of placentitis at its early onset (i.e. subclinical placentitis) in pregnant mares.
First, we need to better understand how these parameters change physiologically during normal
pregnancies. Then, by measuring differences in these parameters between normal pregnancy and
pregnancy with placentitis, we will identify a combination of markers that can improve the ability to
diagnose placental inflammation and/or infection as early as possible during gestation.
First Hypothesis (H1): Physiological parameters change during the different phases of a healthy
pregnancy.
Second Hypothesis (H2): Differences from physiological parameters of a healthy pregnancy indicate
(subclinical) placentitis.
First Hypothesis (H1): Physiological parameters change during the different phases of a healthy
gestation. Objective 1: to establish physiological parameters in pregnant mares without placentitis or
other illnesses by longitudinally measuring clinical, immunological, and hormonal parameters before,
during and after gestation. Physical and reproductive examinations, and peripheral blood samples will
be collected from the same mare (n=10) during heat (5 to 7 days prior-ovulation); 30 days postovulation; 90, 150, 210, 240, 270 and 300 days gestation; and 7 days post-parturition. This design will
allow measuring changes through time in one same mare, and establish baseline physiologic
parameters through gestation among a group of healthy mares. To date, published data only describe
partial parameters at limited phases of gestation without accounting for individual values through time;
therefore, understanding normal values is essential to be able to identify abnormal values.
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Second Hypothesis (H2): Differences from physiological parameters of a healthy pregnancy indicate
(subclinical) placentitis. Objective 2: to measure clinical, immunological, and hormonal parameters that
indicate early stages of (subclinical) placentitis when compared to mares with a healthy pregnancy.
Pregnant mares (n=50) will be randomly enrolled and evaluated monthly for signs of placentitis. Physical
exam, reproductive exam and blood samples will be collected at 90,150, 210, 240, 270 and 300 days
of gestation. Given that we will be looking for naturally-occurring placentitis, and the number of
placentitis cases can be variable, we will screen at least 50 mares in order to achieve a goal of at least
10 mares in each group (see sample size calculation below). Mares will be assigned ‘subclinical
placentitis’ (affected, expected n=10)’ or ‘healthy pregnancy’ (age-matching healthy pregnancy control,
at least n=10) according to the reproductive exam through pregnancy. Data analyses will identify a set
of signature parameters of subclinical placentitis that differ from physiologic parameters to be used in
the early diagnosis of placentitis. This design focuses on the data collected at the onset of placentitis
and not on those parameters after placentitis develops. Therefore, we will measure changes between
the previously normal data point (before the onset of placentitis) and the data point at the diagnosis of
placentitis. Previous published studies used a limited number of inflammatory or hormonal parameters
(one or two at a time) either in naturally-occurring placentitis after its development, or in experimentallyinduced placentitis; in addition, very few studies have measured immunological parameters.
Collectively, the current data show disagreement between diagnostic parameters in the natural versus
experimental settings, preventing an optimal clinical application; we have designed our study to
overcome these limitations.
The following parameters will be measured in both objectives:
a) Clinical parameters – vital parameters and history of disease; premature mammary gland
development; mammary gland secretion; vulvar conformation; vulvar discharge; rectal ultrasonography
(combined thickness of the uterus and placenta, placental/uterine edema, placental separation, cervical
opening, fetal fluid appearance); and placental histology and culture panel.
b) Immunological parameters – complete blood cell count, peripheral blood T cell and B cell
distributions, serum cytokine, globulin, haptoglobin, and serum amyloid A concentrations.
c) Hormonal parameters – serum estradiol-17-beta, total estrogens, progesterone, alpha-fetoprotein,
and prostaglandin metabolite concentrations.
Detection of sufficient cases of naturally-occurring placentitis for this study requires a large herd of
broodmares under intense reproductive management provided by a specialist. Karen Wolfsdorf assists
breeding farms in Kentucky with approximately 100 broodmares altogether. The mares will be routinely
evaluated throughout gestation, using a systematic protocol that includes physical examination,
ultrasonographic evaluation, and blood analyses. Blood samples will be shipped to Julia Felippe, equine
immunologist and internist for immunologic and inflammatory parameter testing, sample storage, and
data analyses. Some of the samples will also be shipped for hormonal testing to commercial laboratories
or to Igor Canisso, also a theriogenologist, who has published several studies on experimental
placentitis in mares. This study will have the involvement of a graduate student, Lorena Feijo, who is a
veterinarian with training in equine medicine, neonatology and theriogenology. The statistical analysis
will be performed with the expertise from Cornell Statistical Consulting Unit (see letter), also consulted
for the study design.
In the fall of 2018, starting at 7 months of pregnancy, we practiced the proposed study design and
collected data and samples every other week until foaling from 3 mares with subclinical placentitis and
3 mares with a healthy pregnancy of same gestational age (paired control). The immunologic data from
this pilot study showed promising differences between a pregnancy with placentitis and a normal
pregnancy. With this preliminary data, we were able to calculate the number of mares needed per group
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for the study (power analysis) to be 10 mares. Therefore, a 2-year study using the herds managed by
Wolfsdorf should allow data collection of sufficient number of cases in each group. A client consent form
will explain the study and, upon agreement, signed by the owner before enrollment of the mare in the
study. We have an approved IACUC protocol for use of vertebrate animals in research. Given the
natural conditions of this prospective study, information of other variables (e.g. stage of pregnancy when
placentitis is diagnosed, use of treatment, mare illness, neonatal survival, etc.) will also be collected
since they are of clinical relevance, and may allow the elaboration of subsequent hypotheses for this
subject.
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Principal Investigator:
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Project Period:

Dr. Kathleen Kelly
Genomics of Autopsy–Negative Sudden Cardiac Death in Racing
Thoroughbreds
1/1/20 – 12/31/21

LAY SUMMARY
Racing Thoroughbred horses (TB) are athletic, charismatic, and injury-prone animals whose death or
euthanasia in the public eye has a negative impact on the perception of the horse racing industry. As
part of industry and state efforts to promote safety and improve the health of these natural athletes, the
underlying causes of death or euthanasia are thoroughly investigated. In New York, the New York State
Task Force of Racehorse Safety (NYSTFRHS) was formed to ensure the safety and health of horses
and jockeys, address public concern, and to protect the viability of the racing industry. Racehorse
necropsies are now routinely performed at the NY Animal Health Diagnostic Center (AHDC) by
veterinary pathologists including Dr. Kelly. The tragic sudden death or collapse of apparently healthy
horses on the track is a significant health and safety concern that has a disproportionate impact on
public opinion.
This proposal will investigate if there are genetic causes for the sudden death or collapse of racehorses
(sudden death (SD)).17,24 SD is defined as sudden, unexpected death caused by loss of heart function.
Studies to date have not uncovered the causes of SD in TB as most horses do not have an autopsyidentifiable cause (autopsy-negative). We recently evaluated SD in New York (NY) and Maryland (MD)
racehorses in a study which evaluated clinical information, autopsy findings, and detailed cardiac
evaluation including cardiac conduction system histopathology.29 Similar to previous studies, most SD
racehorses were autopsy-negative.
Our overall hypothesis that genetic heart disease is associated with autopsy-negative sudden death in
TB racehorses. In humans, 10-30% of cases of SD do not have identifiable abnormalities at autopsy.
These tragic autopsy-negative SD cases can be caused by inherited abnormalities which cause fatal
arrhythmias due to mutations in genes encoding specific cardiac proteins (channelopathies) which
regulate how the heart contracts.35,42 SD during exercise may tragically be the only clinical sign in some
patients with an inherited arrhythmia syndrome. Specific genetic tests are available to diagnose these
diseases in patients with compatible clinical evidence or family history. We expect similar molecular
tests (a “molecular autopsy”) for underlying mutations will advance the investigation of autopsynegative SD in racing TB. Our exploratory study of the genomes of SD horses identified possible
associations with genes causing heart disease in humans.21,48 In a multi-institutional and
multidisciplinary collaboration drawing together equine pathologists and geneticists, we propose further
investigation of the genetic causes of sudden death in TB. AIM 1: Because SD is a relatively are trait,
to achieve case numbers allowing for molecular testing we propose a multi-institutional and international
SD repository of cardiac tissue and DNA isolated from autopsy-negative15,29 SD cases and carefully
matched controls. AIM 2 and AIM 3 will use complementary advanced molecular approaches to discover
the genetic alterations associated with sudden death in TB. In AIM 2, we will perform a molecular
autopsy for SD by interrogating the sequences of cardiac channel genes for mutations associated with
arrhythmia and autopsy-negative SD in humans. In AIM 3, this genetic investigation will be
complemented by a search of the entire horse genome for small variations, called single nucleotide
polymorphisms (SNPs), that occur more frequently in horses with SD. Identification of SD-associated
SNPs will help narrow down the regions of the genome and help identify possible genes causing sudden
death in horses.
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By identifying genetic associations with autopsy-negative SD, a genetic test could be developed with
the long-term goal of reducing the prevalence of this condition. This research is crucial to understanding
TB health, maintaining a positive public perception of the racing industry, and protecting its viability. The
close working relationships, pooled resources, and unparalleled clinical and research expertise of our
international and multidisciplinary team of pathologists and geneticists will be leveraged to determine
the genetic causes of SD in TB.
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Project Period:

Dr. Heidi Reesink
Unraveling lubricin signaling in equine joint injury
1/1/20 – 12/31/21

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 lameness1, and it is
the second leading cause of premature race horse retirement2. Joint injury in horses often first manifests
as a synovitis, or inflammation of the cells and tissues that line the joint. If left untreated, synovitis can
progress to more severe joint disease, including cartilage damage and, eventually, end-stage joint
space collapse. Cartilage injury is a common sequela to intensive exercise in racehorses and other
equine athletes. Because cartilage does not have a blood supply, it is a tissue with the poorest capacity
for repair in the body. Several regenerative medicine approaches have been investigated to promote
cartilage repair, including the administration of biologics such as platelet rich plasma or mesenchymal
stem cell (MSC)-based therapies. Although these biologic and cell therapies have shown some promise
in mitigating inflammation, results have been underwhelming with respect to structural cartilage repair.
Treatment options that can truly restore cartilage don’t exist, and a leading hypothesis for the poor
intrinsic healing capacity of cartilage is the limited supply of cartilage progenitor cells.
Lubricin—More than a Mere Lubricant
Lubricin, also known as proteoglycan 4 (PRG4), is highly expressed by synovial cells lining the joint
capsule and chondrocytes present within the surface of articular cartilage. Lubricin was first discovered
following isolation of the articular lubricating fraction of bovine synovial fluid in 19773, and the majority
of lubricin research has focused on its roles as the primary boundary lubricating molecule of articular
cartilage. Lubricin is undoubtedly essential for joint homeostasis as both humans and mice lacking
functional lubricin develop severe, debilitating multi-joint arthritis at a young age4,5 (Fig 1). Humans that
do not produce functional lubricin are afflicted by Camptodactyly-Arthropathy-Coxa Vara-Pericarditis
(CACP) syndrome, a devastating disease that results in finger contracture, severe joint disease,
malformation of the hip, and inflammation of the pericardial sac that surrounds the heart6,7 (Fig 1, left).
Figure 1. (Left) Photographs and
radiographs of a human patient with
CACP syndrome, revealing bilateral knee
joint swelling, finger contracture and joint
space widening and bone loss in x-rays of
the elbows and knees. (Right)
Photographs and radiographs of a Prg4
knockout mouse (A,D) and a wild-type
mouse (B, C), revealing digit contracture
and severe osteoarthritis in the ankle of
the mouse. Adapted from Nandagopalan
et al. 2014 and Rhee et al. 2005.

Studies in rodent OA models and in human joint injury have suggested that lubricin concentrations are
decreased in joint disease8,9, motivating the investigation of lubricin gene therapy or recombinant
lubricin administration to delay OA progression. However, data from our lab and a growing body of
evidence in the osteoarthritis literature suggests that lubricin synovial fluid concentrations may actually
be increased in response to joint injury10–13. Our lab has reported that synovial fluid lubricin increases
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in equine carpal chip fractures12,13, cartilage impact injury, full-thickness cartilage defects and in rupture
of the cranial cruciate ligament in dogs (Appendix I – Peal and Appendix II – Wang).
These findings have led us to hypothesize that lubricin is produced in response to joint injury to protect
joints and re-establish homeostasis. We think that lubricin is expressed in response to injury in an
attempt to quell inflammation and repair injured cartilage. In support of this theory, lineage-tracing
studies in mice have shown that a small number of Prg4 expressing cells in the synovium proliferate
and attempt to heal cartilage defects14. Recent mouse cell lineage-tracing studies suggest that
proteoglycan 4 (Prg4) is expressed by cartilage progenitor cells at early developmental stages and that
these Prg4-expressing cells give rise to all of the cells (chondrocytes) within adult cartilage (Fig 2)14,15.
Therefore, Prg4-expressing cells in adult cartilage may represent a population of “progenitor” or “stem”
cells that could be harnessed for cartilage repair.
Figure 2. (Left)
Lubricin (Prg4)
lineage-tracing
experiments in
mice, revealing
that Prg4 cells (in
blue) are
“progenitor” or
“stem” cells that
give rise to all
chondrocyte
layers in the
adult mouse:
1mo (A-B), 6mo (C-D) and 18mo (E-F) mice. (Right) A model depicting the growth of articular cartilage. Prg4 expressing
cells (in blue) are present in all cartilage layers extending from the articular surface (AS) to the deeper layers adjacent to the
tidemark (TM). Findings suggest that the deeper layers of the articular cartilage are “born” first. Adapted from Kozhemyakina
et al. 2015.

In addition to its lubricating functions, lubricin has been shown to have anti-inflammatory effects in the
joint, ranging from preventing chondrocyte death to decreasing expression of cartilage matrix degrading
enzymes and impairing toll-like receptor-mediated inflammatory signaling16–18. Evidence is
accumulating for both pro-regenerative and anti-inflammatory roles of lubricin in joint homeostasis;
however, the precise mechanisms by which lubricin performs these functions are largely unknown. No
unbiased -omics level approaches have been used to identify signaling networks regulated by PRG4
expression or lubricin administration. Therefore, current knowledge is heavily biased towards known
pathways. In order to investigate other, as of yet unidentified roles for lubricin in joint homeostasis and
repair, we are proposing RNA-Seq transcriptomics experiments to better understand the mechanisms
by which lubricin protects joints. By identifying transcriptional networks regulated by lubricin, we hope
to decipher whether PRG4 overexpression in adult chondrocytes could restore the tissue “progenitor”
or “stem” cell phenotype. This data will provide critical insight into the mechanisms by which lubricin
functions as a chondroprotective agent and anti-inflammatory agent in the joint, leading to possible new
applications for lubricin therapy.
Research Plan
Intra-articular injection of recombinant lubricin slows progression of OA in rodent models19–21. Despite
promising results in rodent models, the field has been slow to translate lubricin therapy to large animals.
This is, in part, due to constraints associated with production of recombinant lubricin in quantities
sufficient for large animal studies. Until recently, large-scale production was not realistic due to the
technical challenges associated with production of a highly repetitive recombinant protein, including
poor genomic stability, selection against high-producing clones, and difficulty with ensuring appropriate
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and extensive O-linked glycosylation22,23. Several of these constraints also interfered with the ability to
genetically overexpress proteoglycan 4.
Recently, our laboratories have overcome many of the technical challenges associated with
recombinant lubricin production through a strategy that employs codon scrambling and custom gene
synthesis to produce a synonymous recombinant human lubricin (SynLubricin)24. We have employed a
similar strategy for the production of recombinant equine lubricin, and these transposase-based vectors
are ideal for stable genome editing in primary equine cell lines to evaluate the impact of genetic
overexpression of proteoglycan 4 (PRG4). In the proposed studies, we will determine how PRG4
overexpression (Aim 1) and recombinant lubricin administration (Aim 2) regulate gene expression and
inflammatory signaling networks in equine primary cell lines and joint tissues using RNA-Seq
transcriptomics and biochemical assays. We expect these studies to provide a mechanistic
understanding of the functions of lubricin beyond its boundary lubrication and anti-adhesive properties,
shedding light onto new pathways by which lubricin maintains joint homeostasis. These experiments
may provide insight into how PRG4 expression maintains a population of joint “progenitor” or “stem”
cells, thereby motivating PRG4 overexpression as a potential cell therapy approach for regenerative
medicine cartilage repair strategies. In Aim 3, we will investigate the ability of recombinant equine
lubricin to ameliorate IL-1-induced carpal synovitis and evaluate the safety of recombinant lubricin
injections post-injection into naïve fetlock joints.
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Dr. Gerlinde Van de Walle
Studying the replication kinetics of equine parvovirus hepatitis (EqPV-H)
1/1/20 – 12/31/20

LAY SUMMARY
Background & Rationale:
Parvoviruses infecting horses are an emerging equine health concern and have been associated with
abortion, synovitis, and neurological disease (Ou et al., 2019). Our research team recently identified a
new parvovirus, named Equine Parvovirus-Hepatitis (EqPV-H), which is associated with hepatitis and
Theiler’s disease (Divers et al., 2018; Tomlinson et al., 2019a,b). Theiler’s disease is a serious and
frequently fatal syndrome of fulminant liver failure.
EqPV-H has been found in equine serum samples from North America, Europe, China, and New
Zealand, suggesting a worldwide distribution (Lu et al., 2018; Meister et al., 2019). The prevalence of
EqPV-H in racehorses can be high, ranging from 3% up to 12% (Lu et al., 2018; Ramsay et al., 2019).
We found an even higher prevalence in broodmares, with up to 65% affected on one farm (Tomlinson
et al., 2019b). The high prevalence of EqPV-H in racehorses and broodmares is of particular importance
to the racing industry for the following two reasons. First, EqPV-H infections and hepatitis could
contribute to poor athletic performance in racehorses, even when subclinical or mild. Second, Theiler’s
disease frequently occurs on racehorse breeding farms, resulting in the loss of broodmares and
significant economic losses.
Parvoviruses utilize either the host cell replication machinery or the DNA damage response (DDR)
pathway to replicate their viral genomes (Luo & Qiu, 2013; Deng et al., 2016). We hypothesize that
EqPV-H uses the DDR pathway to replicate in the liver, and that DNA damage can enhance EqPV-H
replication and pathogenesis. This is based on following rationale. First, we found that EqPV-H has a
strong tropism for the liver, which is typically a non-dividing tissue. Second, horses are commonly
exposed to hepatotoxins that cause DNA damage, such as pyrrolizidine alkaloids (Seawright et al.,
1991; Chen et al., 2010). Third, EqPV-H-associated hepatic necrosis preferentially affects the
centrilobular region of the liver, which is the same area affected by most toxins (Cullen & Stalker, 2016).
Determining how EqPV-H replicates in the liver will provide a better understanding of the pathogenesis
of this virus. This will be critical in the rational design of a safe and efficacious vaccine and in the
identification of antiviral or therapeutic drugs for EqPV-H hepatitis, as well as to improve management
strategies. Our studies are important to the racing industry because of the devastating economic impact
of Theiler’s disease in broodmares and because of the potential that EqPV-H hepatitis negatively
impacts race performance given the high prevalence in racehorses. Based on our compelling
preliminary data, combined with the fact that we have been at the forefront of EqPV-H research, we are
perfectly placed to carry out the experiments outlined in this proposal.
Objectives & Experimental Approach:
We propose experiments that will evaluate whether EqPV-H uses the DDR machinery for its replication,
and whether DNA damage-induced activation of the DDR pathway enhances EqPV-H replication and
pathogenicity. Specifically, we propose following 2 aims:
Aim 1: Determine the DNA damage response (DDR) status in EqPV-H-infected hepatocytes and
association with pathology ex vivo. In this aim, we will analyze banked tissue liver tissue samples
from three sources of EqPV-H-positive horses (subclinical racehorse cases, experimentally infected
horses, and confirmed Theiler’s cases) and one source of EqPV-H-negative horses (i.e. pre-infection
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liver samples from the experimentally infected horses). First, we will determine whether EqPV-H
infected hepatocytes are actively proliferating or show signs of DDR activation using the liver samples
from EqPV-H experimentally infected horses (Aim 1a). In situ hybridization (ISH) with probes that detect
EqPV-H will be combined with immunohistochemistry (IHC) with antibodies that detect cellular
proliferation (Ki67) or active DDR proteins (γH2AX and pRPA32). We will then determine whether
EqPV-H-positive horses with fulminant hepatitis show more pronounced DDR pathway activation than
EqPV-H-positive horses with subclinical disease, by repeating the staining as described under Aim 1a
on liver tissue samples from the other sources. Specifically, we will compare the proportion and labeling
intensity of EqPV-H-positive cells with cellular proliferation and/or active DDR protein expression (Aim
1b). We hypothesize that EqPV-H-infected hepatocytes will show signs of an activated DDR pathway
and that the extent of DNA damage in these infected cells correlates with the severity of liver disease.
We have optimized the ISH for EqPV-H and have used proliferation and DDR markers successfully in
equine cells and liver tissues.
Aim 2: Evaluate the impact of DNA damage-induced DDR activation on EqPV-H replication and
hepatotoxicity in vitro. In this aim, we will use equine primary hepatocyte cultures for EqPV-H infection
studies. We recently optimized these cultures and found EqPV-H infection and replication for over 7
days in culture. While we will perform studies with EqPV-H-positive equine serum as the culture
inoculum, we will, in parallel, develop an infectious clone of EqPV-H in close collaboration with our
Baker Institute colleague Dr. Colin Parrish. This tool will allow us to generate large amounts of pure,
clonal virus inoculum for continued in vitro infection studies. We will pre-treat hepatocyte cultures to
induce DNA damage (UV radiation, topoisomerase inhibitors), which activates the DDR pathway, or to
inhibit the DDR pathway (small molecule inhibitors of ATM and ATR phosphorylation and of DNA-protein
kinases), followed by inoculation with EqPV-H. Viral titers will be assessed by qPCR in both cell pellets
(intracellular virus) and supernatants (extracellular virus), and number of infected cells will be
determined by ISH on fixed cell cultures (Aim 2a). Hepatocellular toxicity will be assessed by evaluating
cell viability with MTT assays and by immunocytochemistry (ICC) using antibodies detecting markers
of cell death (e.g. active caspase 3 for apoptosis) (Aim 2b). We hypothesize that hepatocyte cultures
with induced DNA damage will show enhanced viral replication and hepatotoxicity.
Importance to the Equine Industry:
In recognition of the importance of this emerging equine pathogen, the USDA recently issued a notice
that all equine biologic products will have to be EqPV-H free within 18 months following the publication
of the notice (USDA, 2019). This is an essential first step to preventing Theiler’s disease associated
with equine biologic products, however, epidemiologic data clearly indicate that this virus is wellestablished in equine populations and is also transmitted without iatrogenic blood product
administration.
EqPV-H is particularly significant for the racehorse industry due to its high prevalence in racehorses
and broodmares. Indeed, EqPV-H infections, even when subclinical or mild, could contribute to poor
athletic performance in racehorses due to the negative impact of this virus on the liver. Moreover,
outbreaks of fatal Theiler’s disease frequently occur on racehorse breeding farms, resulting in the loss
of broodmares. All this warrants the need for vaccine development and/or therapeutic interventions, as
well as improved to prevent and control EqPV-H infections.
Conclusion & Future Prospects:
EqPV-H is highly prevalent and appears to spread easily among horses. Infection with EqPV-H is
associated with various liver disease severities ranging from subclinical hepatitis to fulminant liver
failure, a.k.a Theiler’s disease. In the short term, characterizing the replication dynamics of this
emerging equine virus will provide a better understanding of how EqPV-H can replicate in hepatocytes
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and how environmental factors such as ingested DNA damage-inducing hepatotoxins can influence
EqPV-H pathogenicity. This can potentially result in the identification of key intervention points to
prevent or slow liver damage. In the long term, our studies will contribute to a better understanding of
EqPV-H pathogenesis, which is critical in order to develop effective vaccines and/or therapeutics. For
example, various antioxidants that prevent DNA damage and medications that inhibit the DDR are
already used in horses for other purposes and have been shown to reduce replication of other
parvoviruses (Luo & Qui, 2013).
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Dr. Bettina Wagner
Nasal immunity and its function in preventing transmission of EHV-1 in
immune horses
1/1/20 – 12/31/21

LAY SUMMARY
Ongoing equine herpesvirus type 1 (EHV-1) outbreaks, including several cases of equine herpesvirus
myeloencephalopathy (EHM), emphasize the fact that currently available EHV-1 vaccines are not fully
protectiveagainst EHM, and outbreaks occur despite frequent vaccination in many horses. This year,
several neurologic outbreaks were reported in the US including New York State
(http://www.equinediseasecc.org/alerts/outbreaks). In an outbreak scenario, EHM is first confirmed by
an EHV-1 positive PCR in the affected horse(s). The positiveEHV-1 PCR results cause immediate
regulatory actions with stringent quarantine and biosecurity of all horses at the facility of the EHM
affected horse to prevent further spread of the contagious disease. Quarantine is in place for 21-28
days after the last suspected infection. During this time all movements of horses to and from the
quarantine facility stop. Thus, EHV-1 quarantine represents a high economic burden for the horse
industry through loss of severely affected horses, medical charges, quarantine management efforts,
and lost training, racing and/or competition time.
During most EHV-1 outbreaks, a single horse is affected with EHM and few others spike a fever. Most
horses do not show any clinical signs and seem unaffected from the occurring infection. In a recent
outbreak in NYS with more than 50 horses involved, about 50% of the horses developed a fever and
about half of these also showed neurological signs at various degrees. This EHV-1 outbreak was
clearly on the more severe side in respect to EHM affected horses compared to other outbreaks in the
past years. It was also preceded and followedby various smaller EHV-1 outbreaks in NYS during this
spring and early summer. Overall this suggests that therecently circulating EHV-1 strain is quite potent
in inducing EHM and that a part of the horse population in NYS (and elsewhere in the US) is still
susceptible to EHV-1 infection. The development of more effective EHV-1 vaccines targeting
protection against EHM is ongoing and not a trivial task. As long as these vaccines are not available,
we ask the question if different management strategies can help to protect horses against EHV-1 and
the equine industries from economic losses induced by EHV-1 outbreaks. The latter is addressed here.
Our EHV-1 infection and challenge studies that were supported by the Harry M. Zweig Memorial Fund
for EquineResearch and USDA/NIFA have focused on novel EHV-1 vaccine development and on host
immune development and longevity of EHV-1 immunity (Wagner, et al. 2017, Wimer et al. 2018,
Schnabel et al. 2018). Most recently this work also resulted in the characterization of protective host
immunity against EHV-1 (Perkinset al. 2019, Schnabel et al. in press). Immune horses were protected
from all disease outcomes (Table 1) including cell-associated viremia, the pre-requisite for EHM. By
transferring the knowledge gained from our studies to EHV-1 outbreak situations, it suggests that the
large number (>50%) of horses that are not affected during an outbreak are immune and protected.
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Table 1. Disease outcomes in horses that are susceptible to EHV-1 infection and in those that are immune and protected
from infection.
Disease outcome a
EHV-1 susceptible
Horse with immunity against EHV-1
horse
(protected)
Fever
yes
no
Clinical signs
yes
no
Nasal EHV-1 shedding b
yes
no
Cell-associated viremia c
yes
no
a
Summarized outcomes are based on data described in detail by Perkins et al. 2019 and Schnabel et al. 2019.
b
After EHV-1 susceptible horses are infected with EHV-1, they shed the virus for about 1 week post infection or longer.
c
Cell-associated viremia is the prerequisite for the development of neurological signs and EHM.

This raises two questions: (1) Are we able to confidently identify immune horses during an outbreak?;
and (2) can they potentially be released earlier from quarantine or do they expose a risk on other
horses?
Are we able to confidently identify immune horses during an outbreak?
Our novel data on EHV-1 immunity and protection have identified several biomarkers that indicate
susceptibility to EHV-1 and those that highly correlate with protection. The latter are EHV-1
glycoprotein C specific IgG4/7 antibodies, here briefly called EHV-1 IgG antibodies (Perkins et al.
2019, Schnabel et al. in press). EHV-1 IgG antibodies are present in the nasal secretion of protected
horses and quantitative homologs are also present inhorse serum for robust and easy detection. If
EHV-1 infection occurs these IgG antibodies rapidly neutralize the virus and thereby prevent all clinical
signs of disease (Figure 1).

Figure 1. Immune horses are
protected
from
EHV-1
infection have EHV-1 IgG
antibodies (green Ys) that
immediately neutralize the virus
at the viral entry side, the upper
respiratory tract. This prevents
protected horses from disease
and all downstream effects of
infection. Susceptible horses
lack these protective antibodies.
After
EHV-1
infection,
susceptible horses show signs of
inflammation in the URT,
develop fever, clinical disease,
EHV-1 replicates and shed via
nasal secretions, and finally
these horses develop cellassociated viremia with can lead
in some infected horses to EHM.
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We have developed a novel diagnostic test, the EHV-1 Multiplex assay, that determines EHV-1
IgG antibodies in horse serum and results in a ‘risk of infection’ evaluation for each individual
horse. The EHV-1 Multiplex assay is now available at the Animal Health Diagnostic Center (AHDC)
(https://www.vet.cornell.edu/animal-health-diagnostic-center/laboratories/serology-immunology) and
can be used by practitioners, researchers and/or the vaccine industry. The assay will be used here to
identify the horse’sEHV-1 immune status.
Can immune horses potentially be released earlier from quarantine or do they expose a risk on other
horses? EHV-1 detection in a neurological horse causes immediate regulatory actions by state officials
and veterinarians.Subsequent quarantine involves all horses at the outbreak facility. Clinically not
affected, immune horses are currently kept in quarantine for the same time as horses that develop
fever or clinical signs because of thepotential risk that not-affected horses may transmit virus to the
outside horse population. Our recent data showed that immune horses did not shed detectable infectious
virus after challenge with high doses of neuropathogenicEHV-1 (Perkins et al. 2019, Schnabel et al. in
press). This suggests, in all likelihood, that immune horses can be released earlier from
quarantine without any risk for horses outside of the quarantine facility afterhost immune status
testing and a much shorter precautionary isolation time. This would clearly decreasethe financial
and mental burdens of EHV-1 outbreaks for all parties involved. It would help the quarantine
personnel to focus on the horses that have developed or are at risk of developing severe neurologic
disease,while allowing the immune horses to continue with training and/or competitions. However,
current regulatoryprocedures are not allowing for an earlier release of immune horses because
of the assumed potentialtransmission risk mentioned above.
In this project, we would like to find out whether immune horses that are exposed to EHV-1, for example
duringan outbreak, can or cannot infect other susceptible horses (Aim 1). Also, we will further explore
the mechanisms of EHV-1 protection to advance our knowledge on how protection works on the
molecular level (Aim 2).
We hypothesize that immune horses are not able to infect other horses because they immediately
neutralize any EHV-1 that is entering their upper respiratory tract. Thus, they will not shed infectious
virus and are at no risk for other horses.
The goal of this project is to provide research data on EHV-1 transmission and protection that can be
used during EHV-1 outbreaks to make informed decisions on quarantine management and movement
of horses that are immune and protected from EHV-1 infection.
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Principal Investigator:
Title:
Project Period:

Dr. Gillian Perkins
Equine gammaherpesviruses and equine gastric ulcer syndrome
(EGUS) -- is there a link?
1/1/20 – 12/31/20

ABSTRACT
Equine gastric ulcer syndrome (EGUS) is an umbrella term for two separate conditions, equine
squamous gastric ulcer syndrome (ESGUS) and equine glandular gastric ulcer syndrome (EGGUS).
The pathogenesis of ESGUS is fairly well described by previous literature, however, the pathogenesis
of EGGUS remains poorly understood. Peptic ulcers in the stomach of humans, which consists of
glandular gastric mucosa only, have been associated with various herpesviruses, such as the
alphaherpesviruses herpes simplex virus type 1 (HSV-1) and Varicella zoster virus (VZV) and the
gammaherpesvirus Epstein Barr virus (EBV). We have previously demonstrated the presence of both
equine gammaherpesvirus 2 (EHV-2) and 5 (EHV-5) in the gastric mucosa of healthy horses. To build
on our previous work, the overarching hypothesis is that equine gammaherpesviruses are associated
with EGUS, both equine squamous gastric ulcer syndrome (ESGUS) and glandular gastric ulcer
syndrome (EGGUS). In this study, we aim to address following two specific hypotheses:
•

Hypothesis 1 (H1): EHV-2 and -5 are more prevalent in horses with ulcers compared to horses
with a normal stomach.

•

Hypothesis 2 (H2): In horses with virus-positive ulcers, EHV-2 and -5 are present in an active
state at the ulcer site but in a latent state at the normal site of the stomach.

In order to test this, we will collect gastric mucosa samples from horses at postmortem exam as well as
clinical cases. The samples will include normal and ulcerated tissue from horses with grossly normal
gastric mucosa, horses with ESGUS, horses with EGGUS, and horses with both ESGUS and EGGUS.
They will be studied at a macroscopic, microscopic, and molecular level using gross necropsy or
gastroscopy exam, in situ hybridization assay, and qPCR, respectively. [Should we find a link between
these gammaherpesviruses and gastric ulcers in horses, then treatments, such as anti-virals could be
successful in managing this syndrome.]
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Principal Investigator:
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Project Period:

Dr. Mariana Diel de Amorim
Evaluation of electroretinography as a predictor of visual function
following cataract surgery in canine patients
6/1/20 – 5/31/21

ABSTRACT
Uterine pathology is a major cause of infertility in horses. Inflammation and fibrosis are the most
important and common pathologies seen in uterine biopsy of mares. Based on the severity of these
changes, the mares can be scored according to the well-established Kenny-Doig system to predict the
likelihood of carrying a foal to term. A score of I or IIA without active inflammation indicates a >50%
likelihood to carry a foal to term while a score of IIB or III especially with the presence of inflammation
has <50% likelihood to carry a foal to term. One limitation of this system is the long turn-around time to
get the histological grading, but other diagnostic methods such as cytology lacks sensitivity. Therefore,
our broad objective is to identify inflammatory markers for fibrosis and acute inflammation in low-volume
uterine lavage (LVL) samples of mares with worse endometrial gradings (IIB and III) and with
endometritis. Thirty estrus mares will be used in the study. The mares will have a LVL and endometrial
biopsy performed, and they will be divided to three groups: 1) CONTROL group will have ten healthy
mares (endometrial biopsy scores I and IIA without the presence of acute inflammation), 2) ACUTE
group will have ten mares with cytologic evidence of acute endometritis (>1% PMNs) and 3) CHRONIC
group will have ten mares with histologic evidence of chronic inflammation (Biopsy score IIB/III). Aim 1
will be to test the hypothesis that markers of inflammation and fibrosis: connective tissue growth factor
(CTGF), Annexin A1 (ANXA1), IFN-γ, IL-1β,IL-10,IL-17, sCD14, TNF-α, CCL2, CCL3,CCL5, and
CCL11 in the LVL will be higher in the ACUTE and CHRONIC groups compared with CONTROL and
aim 2 will look for differences between the ACUTE and CHRONIC groups. We anticipate that ACUTE
and CHRONIC mares will have increased levels of CTGF, ANXA1, and chemokines in the and that
there will be differences in which biomarkers are increased in the LVL between the ACUTE and
CHRONIC groups. This research will provide more insight in the molecular regulation of endometrial
inflammatory response, which may impact the current diagnostic capability of equine practitioners.
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APPENDIX B
Final & Progress Reports from 2020
PI

Project Title

Report Type

Antczak, Douglas

Functional Gene Annotation in the Horse

Final

Antczak, Douglas

2020 Horse Genome Project Workshop at Cornell

Progress

Cheetham,
Jonathan

Accelerating Recovery after Laryngeal Nerve Graft in Horses

Progress

Delco, Michelle

The role of mitochondrial Damage Associated Molecular Patterns
(mDAMPs) in equine joint injury and disease

Final

Delco, Michelle

The role of mitochondrial Damage Associated Molecular Patterns
(mDAMPs) in equine joint injury and disease

Progress

Diel de Amorim,
Mariana

Can inflammatory markers in low-volume uterine lavage fluid be
used to diagnose mares with endometrial fibrosis and with acute
inflammation?

Final

Fubini, Susan

The Relationship between Obesity and Post-Operative Incisional
Infections Following Abdominal Surgery in the Horse

Final

Perkins, Gillian

Validation of an Equine Stall-side Major Crossmatch Test

Final

Perkins, Gillian

Equine gammaherpesviruses and equine gastric ulcer syndrome
(EGUS) -- is there a link?

Progress

Reesink, Heidi

Proximal sesamoid bone microdamage and fracture toughness in
Thoroughbred racehorses

Final

Reesink, Heidi

Does Proximal Sesamoid Bone Mineral Loss Lead to Increased
Fracture Risk?

Progress

Van de Walle,
Gerlinde

The Mesenchymal Stem Cell Secretome Against Equine Herpesvirus
Type I Infections

Progress

Van de Walle,
Gerlinde

Studying the replication kinetics of equine parvovirus hepatitis
(EqPV-H)

Progress

Wagner, Bettina

Intranasal Biomarkers of EHV-1 Susceptibility and Protection

Final

Wagner, Bettina

Towards a neonatal vaccine against equine herpesvirus type 1
(EHV-1)

Final
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Principal Investigator:
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Project Period:
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Dr. Douglas Antczak
Functional Gene Annotation in the Horse
1/1/19 – 12/31/20
1/1/19 – 12/31/20

Project Title: Functional Gene Annotation in the Horse
Principal Investigators: Douglas F. Antczak, VMD, PhD and Charles Danko, PhD
A. Specific Aims of the Study and Modifications
This project had three aims:
Aim 1: To characterize equine placenta-specific functional elements, transcriptional pathways, and key molecules
involved in the differentiation and function of invasive horse trophoblast.
Aim 2. To identify functional regulatory elements, active transcriptional pathways, and key differentiation
molecules in horse lymphocyte subsets.
Aim 3. To compare regulatory regions identified using ChRO-Seq with regions defined by the equine FAANG
(Functional Annotation of ANimal Genomes) Horse Genome consortium using established ENCODE
techniques.
These aims have not been modified.
B. Summary of Scientific Findings
Aim 1. We established horse pregnancies from our experimental herd and collected Day 30 and 34 conceptuses.
The Day 30 conceptuses were immediately dissected into chorionic girdle and chorion tissues for ChRO-seq
analysis. This represents the very early stage of chorionic girdle (invasive trophoblast) development. Chorionic
girdle trophoblast from the Day 34 conceptuses was dissected and cultured in vitro for 5 days in serum free
medium to drive differentiation to vesicles enriched for binucleate cells, as described (de Mestre et al., 2008).
Separate cultures of chorionic girdle cells were cultured in serum containing medium as comparison. These tissues
were subjected to ChRO-seq procedure. Analysis of these experiments is still on-going.
Aim 2. We isolated equine CD4+ and CD8+ T-cells and B-cells from peripheral blood lymphocytes using
monoclonal antibodies and magnetic bead technology. The level of enrichment was very high (from 15% to >85%).
The cells were tested using ChRO-seq, and the data is currently under analysis.
Aim 3. Comparison of ChRO-seq with ENCODE methods in use by the FAANG community. Our collaborators in
the UC-Davis equine FAANG group assessed 8 horse tissues with four histone marks using ChIP-seq (H3K4me3,
H3K4me1, H3K27ac, and H3K27me3), and chromatin accessibility using ATAC-seq. The data for equine liver was
shared with us, and we tested the same liver samples with ChRO-seq, and then analyzed the data from the
different platforms together. Here we show dREG peaks from the beta-2 microglobulin (B2M) gene with H3K27ac
ChIP-seq and ATAC-seq tracks (Fig 1). 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. 2). 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., 2019).
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Fig. 1. Comparison of ChRO-seq peaks with H3K27ac ChIPseq and ATAC-seq tracks tested on the same horse liver
samples. Note the well-defined ChRO-seq peaks in the dREG
track that identify the transcriptional start site and three putative
enhancer regions. Only the TSS was clearly identified by ChIPseq and ATAC-seq (yellow highlight).

Horse A

Horse B

TSS regions

K562 cell line

Distal regions

Fig. 2. Heatmaps of log-signal intensity of H3K27ac compared to
ChRO-seq data. Human K572 cell line data and image from (Wang et
al., 2019). 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.

We have now tested a total of 8 tissues in duplicate (16 equine samples) using the ChRO-Seq assay A summary
of all the tissues tested using ChRO-seq in this project is shown in Table 1. This completes the experimental
portion of the research.
Table 1. Summary of ChRO-Seq experiments for this project
Sample #
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

Aim
1
1
1
1
1
1
1
1
2
2
2
2
2
2
3
3

Acc. #
4223
4258
4223
4258
5012
5015
5012
5015
3729
3908
3729
3919
3729
3908
4989
4990

Horse Tissue
Day 30 Chorionic Girdle (placenta)
Day 30 Chorionic Girdle (placenta)
Day 30 Chorion (placenta)
Day 30 Chorion (placenta)
Day 34 Binucleate girdle culture (placenta)
Day 34 Binucleate girdle culture (placenta)
Day 34 Vesicle girdle culture (placenta)
Day 34 Vesicle girdle culture (placenta)
IgG+ Lymphocytes (B-cells)
IgG+ Lymphocytes (B-cells)
CD4+ T Lymphocytes
CD4+ T Lymphocytes
CD8+ T Lymphocytes
CD8+ T Lymphocytes
Liver
Liver
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Donor Horse or Breeding
Bravo x Twilight
Bravo x Twilight
Bravo x Twilight
Bravo x Twilight
Bravo x The Red Queen
Bravo x Fiona
Bravo x The Red Queen
Bravo x Fiona
Twilight
Pearl
Twilight
Gypsy
Twilight
Pearl
UC Davis – FAANG Mare #1
UC Davis – FAANG Mare #2
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We are still in the computational stage of this project. This includes the application of a suite of software
bioinformatic programs developed in the Danko Lab to our dataset. We will continue the bioinformatic analysis of
our data in the coming months and present our findings at the 2022 Horse Genome Project Workshop. We are
working with other equine genomics specialists to provide a comprehensive catalog of regulatory region DNA
sequences in the horse genome. These DNA sequences are the locations of molecular switches that control the
activity of genes throughout the genome. We have one major manuscript currently under review, and we expect
to write more manuscripts from the data that is currently under analysis.
Note: Progress on this project has been affected by the COVID pandemic. Specifically, it was necessary to
reschedule the Horse Genome Project Workshop from summer 2020 to summer 2022. This Workshop is the
primary venue for presentation of results from this project and for cooperative analysis of our data merged with
results from other member laboratories of the Horse Genome Project. Discussion of the functional annotation of
the horse genome sequence will be a major focus of the Workshop.
C. Significance
Our results from Aim 3 are highly promising and strongly support our hypothesis that ChRO-seq can be used to
identify regulatory elements on a global basis across the genome. Our approach to identifying regions of the
genome that control gene expression has the potential to greatly accelerate overall progress in the functional
annotation of the equine genome. We are working cooperatively with other scientists from the Horse Genome
Project who are using different approaches to achieve the same end. Comparing our results will strengthen the
validity of our findings and allow this new information to be applied to problems in equine health and welfare.
D. Publications and Other Grant Submissions
Publication:
Wang Z, Chivu AG, Choate LA, Rice EJ, Miller DC, Chu T, Chou S, Kingsley NB, Petersen JL, Finno CJ, Bellone
RR, Antczak DF, Lis, John T., and Danko CG (2020). "Interdependence between histone marks and steps in
Pol II transcription" Nature Genetics (manuscript currently in revision).
Abstract:
The role of histone modifications in transcription remains incompletely understood. Here we used experimental
perturbations combined with sensitive machine learning tools that infer the distribution of histone marks using
maps of nascent transcription. Transcription predicted the variation in active histone marks and complex chromatin
states, like bivalent promoters, down to single-nucleosome resolution and at an accuracy that rivaled the
correspondence between independent ChIP-seq experiments. Blocking transcription rapidly removed two
punctate marks, H3K4me3 and H3K27ac, from chromatin indicating that transcription is required for the active
histone modifications. Transcription was also required for maintenance of H3K27me3 consistent with a role for
RNA in recruiting PRC2. A subset of DNase-I hypersensitive sites were refractory to prediction, precluding models
where transcription initiates pervasively at any open chromatin.
Our results, in combination with past literature, support a model in which active histone modifications generally
serve a supportive, rather than a regulatory, role in transcription.
Other outcomes: Dr. Antczak was invited to present the results of this project during the FAANG workshop held
as part of the international Plant and Animal Genome conference in San Diego in January 2019 (abstract t below)
Global Run-on Sequencing and Computational Pipelines for FAANG
DF Antczak*, DC Miller, Jessica L. Petersen1, Carrie J. Finno2, Rebecca R. Bellone2, Erin N. Burns2, Nicole B.
Kingsley2, EJ Rice, and CG Danko
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Baker Institute for Animal Health, College of Veterinary Medicine, Cornell University,
Ithaca, New York 14853 USA
1
University of Nebraska-Lincoln, Department of Animal Science
2
University of California-Davis, School of Veterinary Medicine
The genome sequences of domestic livestock have dramatically advanced research in many areas. However,
although the protein coding genes of most livestock species are now quite well defined, the non-coding elements
that control gene transcription and other aspects of gene expression remain largely uncharacterized and are poorly
understood. Such information is crucial to exploiting the full potential of genomics to advance animal production,
health, and well-being. Members of the Equine Genome Community are engaged in the international Functional
Annotation of Animal Genomes (FAANG) project. However, the approaches and assays of the FAANG project are
expensive, time-consuming, and difficult to execute. Furthermore, resources for equine genomic research are
limited. New methods for identifying regulatory elements have been developed since the human ENCODE Project
was completed, and we are applying one of those to annotate gene expression in the horse. Chromatin run-on
and sequencing (ChRO-seq) is a variant of global run-on and sequencing (GRO-seq), a technique that can
precisely capture active transcription events in a cell population by focusing on engaged RNA polymerases at
sites throughout the genome. When combined with a suite of computational programs recently developed at
Cornell, a single ChRO-seq assay can reveal the location of thousands of non-coding functional elements,
including enhancers, promoters, and long intergenic non-coding RNAs (lincRNAs). In addition, ChRO-seq
generates information on nascent transcripts equivalent to conventional RNA-seq. We have tested ChRO-seq with
three equine tissues: CD4+ T-lymphocytes, liver, and placenta (trophoblast), and compared ChRO-seq data from
liver with results obtained using ChIP-seq and ATAC-seq. Our experience with ChRO-seq has shown it to be
robust, reproducible, and sensitive. We found high correlation between marks identified by ChRO-seq and regions
of the genome identified by ChIP-seq and ATAC-seq. ChRO-seq appears to produce data equivalent to that
acquired using the traditional methods of the ENCODE Project, but with greater precision. ChRO-seq also has the
potential to identify new regulatory elements not detected by earlier assays. Finally, ChRO-seq is efficient and
cost effective. Thus, application of ChRO-seq should accelerate progress in the functional annotation of animal
genomes.
Chu et al. 2018 Chromatin run-on and sequencing maps the transcriptional regulatory landscape of glioblastoma
multiforme. Nat Genet. 50:1553-1564.
Danko et al. 2015 Identification of active transcriptional regulatory elements from GRO-seq data. 2015 Nat
Methods. 12:433-438.
Danko et al. 2018 Dynamic evolution of regulatory element ensembles in primate CD4+ T cells. Nat Ecol Evol.
2:537-548.
Supported by the Harry M. Zweig Memorial Fund for Equine Research in New York State and the Grayson Jockey
Club Research Foundation. DFA is an investigator of the Dorothy Russell Havemeyer Foundation, Inc.
Grant Applications resulting from this project:
Title: Functional Annotation of Animal Genomes Using ChRO-Seq
Funding Agency: NIH Comparative Genomics Program
Submission date: February 2019
Outcome: Not funded
Title: Functional Annotation of Animal Genomes Using ChRO-Seq
Funding Agency: USDA’s Agriculture and Food Research Initiative Competitive Grants Program
Submission date: May 2019
Outcome: Not funded
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Principal Investigator:
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Dr. Douglas Antczak
2020 Horse Genome Project Workshop at Cornell
1/1/20 – 12/31/21
1/1/20 – 12/31/20

In January 2019 during equine sessions of the Plant and Animal Genome conference in San Diego, the Antczak
laboratory submitted a successful bid for Cornell to host the 13th International Horse Genome Workshop meeting
in Ithaca in summer 2020 at the College of Veterinary Medicine. Planning for this meeting has been ongoing since
that time.
The workshops in this series have been held at approximately two-year intervals since 1995. Earlier workshops
focused on cooperative efforts among equine geneticists to create a reference genome sequence for the horse
and to develop genome wide tools and resources for genetic and genomic studies of equine physiology, pathology,
and performance. The deliverables from this collective effort have now advanced to a stage where equine
researchers and clinicians who are not genetics specialists can take advantage of genomic tools in many types of
investigations.
The specific purpose of this Zweig project is to facilitate the participation of equine clinicians, scientists, and
trainees from Cornell in the Horse Genome Workshop to provide two-way exchange of information and ideas. The
project was proceeding smoothly with excellent progress (details below), but in late spring 2020 it was necessary
for us to reschedule the 2020 workshop because of the COVID pandemic.
Beginning in summer 2019 the Workshop organizing committee (Doug Antczak and Don Miller from Cornell, and
Ernie Bailey from the University of Kentucky) developed detailed plans for the meeting. This included logistics
such as booking local hotels and caterers and identifying venues for the Workshop sessions. The committee also
solicited abstracts for presentation at the meeting. A total of 73 abstracts from equine geneticists in 13 countries
were received and reviewed by the end of March. The committee then developed a program for the Workshop
from the accepted abstracts. A total of 40 individuals based at Cornell were included in email correspondence
about the Workshop, and 8 abstracts from Cornell were accepted for oral or poster presentation. Additional
Cornell-based personnel were expected to participate as observers. In addition, representatives from horse
industry organizations, equine research funding organizations other than Zweig, equine industry publications for
horsemen, and the US Dept. of Agriculture were invited to attend the Workshop as observers.
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Dr. Jonathan Cheetham
Accelerating Recovery after Laryngeal Nerve Graft in Horses
1/1/19 – 12/31/21
1/1/20 – 12/31/20

The overall goal of the project is to promote recovery of dorsal cricoarytenoid muscle (CAD) function after graft of
the Recurrent Laryngeal nerve (RLn) with a donor nerve, in addition to providing sustained release of IL-10 during
the period of macrophage migration to the site of nerve anastomosis.
During the first year, we explored the performance of the first cervical nerve (C1) as donor graft. The left RLn was
transected in 6 horses and grafted with a branch of C1; after completion of the anastomosis, a 0.7% agarose
hydrogel loaded with recombinant equine IL-10 at 3ug/mL was injected sub-epineurally.
By the end of the first year of study, we have completed the in vivo (up to 10 months after surgery) and gross postmortem evaluations. As expected, transection of the RLn induced complete loss of function of the left CAD muscle
right after surgery. Signs of progressive reinnervation through the C1 nerve graft were detected starting from 1016 weeks post-op, in the form of arytenoid abduction induced by electrical stimulation of C1, spontaneous twitching
of the arytenoid during sudden neck movements, and improved laryngeal function during incremental exercise.
Despite the promising outset, the arytenoid function during exercise decreased after 22 weeks, indicating an
insufficient recruitment of C1 during exercise. On post-mortem evaluation, the left CAD muscles appeared grossly
normal, showing that the graft provided an adequate reinnervation to the muscle.
The clinical outcome of the first group of horses confirmed that agarose loaded with recombinant Equine IL-10 is
well tolerated and does not prevent reinnervation. C1 axons can reinnervate the RLn and the CAD muscle,
providing adequate trophic support, but the spontaneous recruitment of C1 during intense exercise or the new
morphologic characteristics of the reinnervated fibers are not satisfactory to induce a muscle contraction strong
enough to sustain the inspiratory load during intense exercise. We concluded that C1 is not a good candidate as
donor nerve, and for this reason, we have been searching an alternative donor nerve for the RLn graft.
Within the following months, we identified the ventral branch of the accessory nerve (XI cranial nerve) as possible
substitute to C1. The accessory nerve is a purely motor cranial nerve that divides into a dorsal branch innervating
the trapezius muscle and a ventral branch innervating the sternocephalic muscle. Electromyographic studies found
that the sternocephalic muscle is active throughout the swing phase of the canter, coupled with the inspiratory
breathing phase, so indicating that the accessory nerve delivers a stimulating input during inspiration.
Between the end of the first year and the beginning of the second year of this project, we conducted an anatomical
study to verify the location, branching site and size of the ventral branch of the accessory nerve. Cadaver
specimens collected from horses euthanized for reason unrelated to this study were used to confirm the nerve
pathway and identify how to safely reach the accessory nerve from the routine surgical approach that also expose
the caudal larynx.
Electrical stimulation proximally to the graft site is extremely valuable to better assess the timing of reinnervation,
as it allows to prove the neuromuscular connection before any spontaneous muscle contraction is evident. Based
on the anatomical investigation conducted, we identified the ideal location to perform transcutaneous stimulation
of the proximal portion of the accessory nerve ventral branch, to be used in the future to monitor reinnervation
overtime. Considering the superficial location of the accessory nerve in proximity to the cranio-ventral border of
the atlas wing, just proximal to the division into dorsal and ventral branch, we investigated the efficacy of blunt
stainless-steel stimulating probe in stimulating the nerve transcutaneously.
After ultrasonographic confirmation of the accessory nerve location below the atlas wing, the simulating probes
(SierraWave, Cadwell®) were placed in contact with the skin in ventro-dorsal direction under the cranio-ventral
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border of the left wing of the atlas, and single electrical impulses (1Hz, 100μsec duration) were delivered at
increasing amplitude (0.5mA increments). Response to the stimulation was assessed visually and by concurrent
electromyography of the ipsilateral sternocephalic muscle, obtained with 23 G bipolar concentric needle (75 mm
× 0.65 mm, recording area 0.07mm2) (Ambu® Neuroline Needle Electrodes). Isolated contraction of the
sternocephalic muscle was clearly visible following electrical stimulation at 4mA amplitude and confirmed by a
clear compound motor action potential recorded through EMG. The horse tolerated the procedure very well,
without showing any sign of discomfort; no obvious activation of other muscles along the neck was detected.
Repeatability of the findings was confirmed in a second trial conducted few weeks later.
The described investigations, conducted at the beginning of this year, enabled us to support the use of the
accessory nerve as alternative to C1 and to identify a non-invasive way to stimulate the accessory nerve over
time. During that period, the two horses were trained on high speed treadmill and between January-February 2020
we collected their baseline data (laryngeal ultrasound, endoscopy at rest and during intense exercise).
The surgery on the two horses was scheduled for March 23, 2020 but had to be canceled due to the COVID-19
restrictions limiting the large animal hospital operations to emergency only and the suspension of all research
activities. For the same reason, and the inability to train the horses routinely on the treadmill, they were transferred
to the equine park for housing in pasture. On June 7th, one of the horses was found dead after a traumatic
circumstance.
Research activities were reactivated on late June 2020, but still recommending prioritizing remote working. Return
to on-site research activities was decided after implementation of the CVM COVID-19 surveillance testing program
in early august 2020. The remaining horse was returned in the main research facility and was gradually
reintroduced to treadmill exercise and training. His surgery has been scheduled for October 12th. Considering the
long interval since collection of his baseline data (5 months), his laryngeal function has been re-assessed at rest,
and an ultrasound was repeated to evaluate possible changes in his laryngeal musculature. The horse should be
able to reach a degree of fitness adequate for an incremental strenuous exercise the week before surgery, to
obtain a new baseline of his laryngeal function during exercise.
Muscles and nerve samples were harvested post-mortem from the first 5 horses operated last year but not yet
analyzed. We developed and published the MyoSAT (Myofiber Segmentation and Analysis Tool) imageprocessing for evaluation of fiber size in full muscle cross-sections and we validated it in murine and canine muscle
samples. Based on the performance of this automatic analysis on those samples, the script underwent a series of
upgrades and the research activities suspension did not allow yet to image samples obtained from horses and to
optimize the script accordingly. We expect to be able to process this study’s samples within the next 6 months.
We encountered more difficulties in regard to the nerve samples management. We worked with experienced
histology technicians and the AHDC to optimize sample management to obtain high quality cross-section of the
nerve. Different embedding techniques have been tried on demo samples but resulted unsuccessful. A new resin
embedding protocol, routinely used by our collaborators at the Royal College of Veterinary Medicine in London,
was obtained at the beginning of 2020, but we were not able to put it into practice before the suspension of the
research activities took place. Currently, we are also trying to organize a specialized training at the Cornell Center
for Material Research (CCMR) facility in Duffield hall since they are equipped for osmium tetroxide staining
(needed for myelin staining) and other advanced tissue processing. We have now identified an external lab that
can perform this work.
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Principal Investigator:
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Dr. Michelle Delco
The role of mitochondrial Damage Associated Molecular Patterns (mDAMPs)
in equine joint injury and disease
1/1/19 – 12/31/20
1/1/19 – 12/31/20

Project Title: The role of mitochondrial Damage Associated Molecular Patterns (mDAMPs) in equine jointinjury
and disease
Principal Investigator: Michelle Delco
A. Specific Aims of the Study and Modifications
The broad goal of Aim 1 was to investigate the types of injury that lead to extracellular mDAMP release bycartilage.
Specifically, Aim 1a tested the hypothesis that mitochondrial dysfunction is a specific trigger for mDAMP release.
Aim 1b was to investigate if mDAMP release from cartilage occurs after mechanical overloading. These aims
were successfully carried out.
Specific Aim 2 was to analyze mDAMPs in equine joint fluid, in order to determine if mDAMPs might be a useful
indicator of early cartilage/bone injury. Specifically, we planned to investigate this in horses that had experimental
injury to their articular cartilage, and 2) horses with naturally occurring joint injuries. These aims were
successfully carried out.
B. Summary of Scientific Findings
Summary
Posttraumatic osteoarthritis (PTOA) is a debilitating sequela to joint injury with no current therapeutics that can
slow its progression. Early intervention, prior to the development of degenerative joint changes, has the potential
for greater therapeutic success but requires early detection of joint injury. In other tissue types, trauma is
associated with the extracellular release of mitochondrial DNA (mtDNA), which serves as a mitochondria-specific
Damage Associated Molecular Pattern (mDAMP) to perpetuate inflammation. We demonstrated that
chondrocytes release mtDNA following cellular stress and that mtDNA is increased in equine synovial fluid
following experimental and naturally occurring mechanical injury to the joint surface.
Moreover, we found a strong correlation between the degree of cartilage damage and mtDNA concentration.
Finally, impact-induced mtDNA release was mitigated by mitoprotective treatment. These data suggest synovial
fluid mtDNA may represent a sensitive marker of early articular injury, prior to the onset of changes onstandard
diagnostic imaging modalities.
Results
Chondrocytes release mtDNA in response to an inflammatory stimulus
To evaluate whether chondrocytes release mtDNA following cellular stress, we used an established in vitro cell
culture model of osteoarthritis. Equine chondrocytes were harvested from the femoropatellar joints of healthy,
young adult horses (n = 4). In vivo, articular chondrocytes are adapted to low oxygen tension and low glucose
concentrations compared to most tissues, and these conditions influence chondrocyte mitochondrial function and
metabolic state. Therefore, to simulate a physiologic environment, chondrocytes were cultured at 5% oxygen and
5 M glucose. To model osteoarthritis, we stimulated second passage chondrocytes with a sublethal dose of the
inflammatory mediator interleukin 1 beta (IL-1, 1 ng/L). Total cell counts 12 and 24 hours after addition of
stimulant media were not different between unstimulated and stimulated cells (Fig. 1A), confirming that IL-1 did
not result in significant chondrocyte death.
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At 12 and 24 hours after stimulation, extracellular DNA content in chondrocyte-conditioned media andintracellular
DNA content in cultured chondrocytes were assessed using quantitative PCR (qPCR). Extracellular nuclear DNA
concentration (nDNA) was quantified in addition to mtDNA in order to differentiate between mtDNA released
secondary to cell death, versus mtDNA released via active mechanisms from live, stressed chondrocytes; nDNA
is released during apoptosis and necrosis, so nDNA is considered an indicatorof cell death, while mtDNA release
can occur passively during cell death or actively by viable cells. Thus, quantifying extracellular nDNA, mtDNA,
and the mtDNA:nDNA ratio allowed us to differentiate between activeand passive mechanisms of mtDNA release.
We found that neither extracellular mtDNA (Fig. 1B), nDNA (Fig. 1C), nor extracellular mtDNA:nDNA ratio (Fig.
1D) were significantly different between IL-1-stimulated wells and controls. However, since studies suggest that
the intracellular mtDNA:nDNA ratio can vary due to a varietyof factors including aging, metabolic state, or oxidative
stress/mitochondrial dysfunction, we quantified intracellular mtDNA concentrations. We found that the intracellular
mtDNA:nDNA ratio did not vary between groups or time points (Fig. 1E) but did vary between individuals and
chondrocyte passage. To account for this biologic variability, we normalized extracellular mtDNA:nDNA ratio to
intracellular mtDNA:nDNA ratio for each individual. This normalized extracellular mtDNA:nDNA ratio was
significantly elevated in IL-1-stimulated chondrocytes compared to controls at 12 hours after stimulation (Fig.
1E, p = 0.04). This relative increase in extracellular mtDNA compared to intracellular mtDNA suggests that live
chondrocytes selectively release mtDNA in response to inflammatory stress.
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Fig. 1. Cultured chondrocytes selectively release mtDNA in response to an
inflammatory stimulus. (A) Chondrocyte number assessed at 12 and 24 hours afterthe start
of IL-1 stimulation. (B-C) Extracellular mtDNA and nDNA concentration in chondrocyteconditioned media. (D) Extracellular mtDNA concentration normalized toextracellular
nDNA concentration (extracellular mtDNA:nDNA ratio). (E) Intracellular mtDNA
concentration normalized to intracellular nDNA concentration (intracellular mtDNA:nDNA
ratio). (F) Extracellular mtDNA:nDNA ratio normalized to intracellular mtDNA:nDNA
ratio. All data are means  SEM, n = 4, statistics by students’ (paired) ttest. Line connects
groups different with p-values listed.
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Mitoprotection mitigates mtDNA release following mechanical stress ex vivo
The main factor that contributes to the development of PTOA is mechanical injury to the articular surface, which
can occur either at the time of trauma or as a result of altered joint loading following injury. Therefore, we
investigated whether injurious mechanical loading of cartilage would result in mtDNA release from chondrocytes.
Previously, we demonstrated that mechanical impact injury to cartilage explants induces mitochondrial
dysfunction, chondrocyte apoptosis, and cartilage matrix degeneration. Using a similar study design, we applied
a single rapid compression (impact) injury to bovine cartilage explants and quantified extracellular mtDNA and
nDNA from cartilage conditioned media for several days following injury (Fig. 2A). In addition, we treated one
group of unimpacted and one group of impacted explants with the mitoprotective peptide SS-31 at either 1 hour
or 12 hours after injury to investigate the relationship between mitochondrial dysfunction and extracellular DNA
release.
Neither extracellular mtDNA, nDNA, nor mtDNA:nDNA ratio were significantly different between impacted (IN, n =
9) and unimpacted (C, n = 6) groups at the time points measured (Fig. 2B). However, withineach group cell death
increased over the course of the study (Fig. 2C, p < 0.05), suggesting that unimpacted control samples
experienced cellular stress in this ex vivo tissue culture model. This ongoing cell death likely makes detection of
active mtDNA release difficult and may explain why we did not see differences in mtDNA:nDNA ratio between
groups in this model. Within each treatment group, the extracellular mtDNA:nDNAratio was significantly higher on
day one than at later time points (p < 0.05), which likely reflects either a greater proportion of active release of
mtDNA in the acute phase after injury, or a decrease in intracellular mtDNA content over the course of the
experiment due to mitochondrial dysfunction-induced mitophagy.
We next investigated the effects of mitoprotection on cartilage explants. While extracellular mtDNA from impacted
cartilage (IN, n = 9) were not significantly different from controls (C, n = 6), SS-31 treatment of impacted explants
(IT, n = 16) produced a significant decrease in mtDNA concentration compared to the untreated explants (IN) five
days after injury (Fig. 2B, p < 0.05). Taken together, these findings suggest that mitochondrial dysfunction occurs
concurrently with mtDNA release. To further characterize the effects of SS-31 on mitochondrial function, we
conducted microscale respirometry on cultured chondrocytes with and without SS-31 treatment. Chondrocytes
treated with SS-31 displayed a higher maximum oxygen consumption rate (mOCR) and spare respiratory capacity
(SRC) than untreated chondrocytes (Fig. 2D-E, p < 0.05). There was no difference in the relative contributions of
proton leak and ATP turnover to basal oxygen consumption rate (bOCR) (Fig. 2F, p < 0.05). mOCR and SRC are
measures of the cell’s ability to increase ATP production to meet an increase in cellular energy demand. In the
face of cellular stressors including mechanical injury, the energy requirements of chondrocytes increase; thus, the
ability of SS-31 to increase SRC and improve chondrocytes’ ability to respond to cellular injury likely explains the
current findings, as well as our previous findings that mitoprotection prevents impact-induced chondrocyte
mitochondrial depolarization, apoptosis, and cartilage matrix degradation.
Finally, we investigated whether the timing of mitoprotective treatment affected mtDNA release. SS-31 treatment
to 12 hours after injury (n = 6) was as protective against mtDNA release as treatment 1 hour after injury (n = 10)
(p < 0.05). Similarly, explants treated at 1 and 12 hours after injury experienced similar amountsof cell death. In a
previous study, we found no difference in cartilage degeneration or chondrocyte death whentreatment was delayed
to 12 hours after injury. Our mtDNA and nDNA data support these previous findings and suggest that
mitoprotection with SS-31 may have a therapeutic window of at least 12 hours following articular injury to prevent
mitochondrial dysfunction, chondrocyte death, and subsequent cartilage degeneration in this ex vivo model.
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Fig. 2. Mitoprotection mitigates mtDNA release from chondrocytes following mechanical injury ex vivo. (A) Cartilage
explants were harvested from the medial femoral condyle of neonatal bovids and injured by delivering a single, rapid mechanic al
overload (impact). Impacted explants were cultured for 7 days without treatment (IN, n = 9) or with mitoprotective (SS-31)
treatment (IT, n = 16). Control (C, n = 6) explants received neither impact nor treatment. Cartilage conditioned media was
collected serially for qPCR quantification of extracellular mtDNA and nDNA. (B-C) Conditioned media mtDNA and nDNA
concentration for control (C), injured untreated (IN) and injured treated (IT) explants. (D) Chondrocyte oxygen consumption rate
(OCR) during mitochondrial stress test with (SS-31) and without (NS) mitoprotective treatment (n = 7). (E) Basal OCR (bOCR),
maximal OCR (mOCR), non-mitochondrial respiration (NMR), and spare respiratory capacity (SRC) for chondrocytes with and
without treatment. (n = 7). (F) Proton leak and ATP turnover (as a fraction of bOCR) for chondrocytes with and without treatment
(n = 7). All data are means  SEM. (B-C) Statistics by linear mixed effects model. Groups not sharing a letter are significantly
different (p < 0.05). (E-F) Statistics by students’ t test. *P < 0.05 between groups.

Mitoprotection mitigates mtDNA release following impact-injury in vivo
After measuring mtDNA release following mechanical stress in an ex vivo cartilage explant model, we investigated
whether a similar injury would produce a change in synovial fluid mtDNA concentration in vivo. Using a previously
validated equine model of early PTOA, focal impact injuries of defined magnitude were delivered to the articular
surface of the medial trochlear ridge of adult horses (n = 6) under arthroscopic guidance (Fig. 3A-C). The location
of this experimental injury is analogous to the most common site of lesionson the human talus leading to talocrural
joint OA (Fig. 3B). In this study, experimentally applied articular impacts produced an elevation in mtDNA 7 days
after injury compared to baseline concentrations (Fig. 3D), indicating that changes in synovial fluid mtDNA
concentrations are detectable following cartilage injury in vivo.In addition, this model produced considerable cell
death, as indicated by elevated nDNA concentrations, and decreased mtDNA:nDNA ratios at all time points after
injury (Fig. 3E-F).
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Fig. 3. Mitoprotection mitigates mtDNA release following mechanical articular cartilage injury in vivo. (A) Adult horses were placed under
general anesthesia and three focal cartilage injuries were delivered to the talus in each talocrural joint. One group was treated with intra-articular
injection of the mitoprotective peptide SS-31 one hour after injury. Synovial fluid was collected serially after injury and compared to pre-injury
synovial fluid samples. (B) Schematic comparing the anatomy of the human and equine talus. Asterisks indicate sites of cartilage impact. Red circle
identifies analogous region on the human talus (from Delco, et al., AJSM 2020; permission pending). (C) Arthroscopic image of the impacting device
positioned on the medial trochlear ridge of the talus after impact. Arrow indicates cartilage defect caused by impact. (D-F) Synovial fluid mtDNA,
nDNA, and mtDNA:nDNA ratio in injured, untreated joints (IN, n = 12). Time points not sharing a letter are significantly different (p < 0.05),
statistics by linear mixed effects model. (G-I) Fold change over baseline (day 0, preinjury) of synovial fluid mtDNA, nDNA, and mtDNA:nDNA
ratio in untreated (IN, n = 12) versus treated (IT, n = 10) joints. Data are means  SEM, statistics by linear mixed effects model. *P<0.05 compared
to IT within time points.

To evaluate the effects of mitoprotection in vivo, a second, randomly assigned group of horses (n=5) were
delivered the same impact injury, then treated with a single intra-articular dose of SS-31 one hour after injury.
Mitoprotective therapy significantly reduced concentrations of synovial fluid mtDNA compared to untreated joints
at 14 and 28 days after injury (Fig. 3G). This finding suggests that injury-associated elevations in mtDNAare
prevented by early mitoprotective intervention, and synovial fluid DNA may be a useful measure of response to
mitoprotection in vivo. Further, cell death was significantly reduced in SS-31 treated joints at all time points during
the study (Fig. 3H). No differences in mtDNA:nDNA ratio were observed between treated and untreated joints (Fig.
3I).
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Synovial fluid mtDNA correlates with severity of cartilage damage in naturally occurring joint injury
Next, we investigated synovial fluid mtDNA in cases of naturally occurring articular injury. For our study group,we
chose equine patients presenting for intra-articular osteochondral carpal fragment removal, since these injuries
are common in racehorses, are traumatic in origin resulting from either repetitive loading or a single acute overload,
and frequently lead to development of PTOA. Synovial fluid samples were analyzed from a total of 19 horses with
intra-articular osteochondral fragments. Patients were predominantly male (84%), 3–5- year-old (79%)
Thoroughbred (79%) racehorses (74%) presenting for chip fractures involving either the radiocarpal joint (n = 6,
32%) or the middle carpal joint (n = 13, 68%). For comparison, synovial fluid was analyzed from the radiocarpal or
middle carpal joints of clinically normal horses (n = 7 horses, n = 12 joints). There was no significant difference in
age or sex distribution between the normal and fracture groups; however, differences in breed did exist between
the groups, with the fracture group consisting of a higher proportion of thoroughbreds (p = 0.0002) than the control
group. This difference is attributed to the difficulty inobtaining samples from healthy joints of elite thoroughbred
athletes.
In agreement with our experimental injury model, synovial fluid mtDNA and nDNA concentrations were elevated
in injured joints compared to normal joints (Fig. 4A and 4B). No significant differences existed between patient
age, breed, sex, or side of injury and mtDNA concentration, nDNA concentration, or mtDNA:nDNA ratio. Among
injured joints, mtDNA but not nDNA concentrations were higher in middle carpal joint fractures compared to
radiocarpal joint fractures (Fig. 4C and 4D). There were no significant differences inthe mtDNA:nDNA ratio between
injured and normal joints or between middle carpal and radiocarpal fractures. In agreement with our in vivo articular
injury model, these findings suggest that absolute mtDNA concentration in synovial fluid may be a more clinically
useful measure of joint injury than mtDNA:nDNA ratio.
Standard radiographic views of injured joints were analyzed for several criteria associated with degenerative joint
disease, including osteophyte formation, subchondral bone sclerosis, subchondral bone lysis, joint space
narrowing, fracture severity, and soft tissue swelling/joint effusion. Radiographic studies wereavailable for 17 out
of 19 of the injured joints. The mean total radiograph score for joints with intra-articular fractures was 5.1 (95% CI,
3.4-6.8) out of a maximum score of 15, indicating that the joints in this study displayed little radiographic evidence
of joint disease. No significant correlations between any of the scoring categories and mtDNA concentration, nDNA
concentration, or mtDNA:nDNA ratio were found, except for moderate negative correlations between
mtDNA:nDNA ratio and fracture severity (r = -0.61, p = 0.008) and mtDNA:nDNA ratio and total radiograph score
(r = -0.49, p = 0.046). However, we found that joints with moderate to severe soft tissue swelling had significantly
higher mtDNA but not nDNA or mtDNA:nDNA ratio, than joints with no or mild soft tissue swelling (Fig. 4E-H).
Altogether, these data support the hypothesis that mtDNA concentration may be a clinically useful indicator of
early joint disease, prior to the onset of radiographically detectable changes associated with OA.
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Fig. 4. Synovial fluid mtDNA concentration correlates with the severity of cartilage injury. (A-B) Synovial fluid mtDNA and nDNA concentration in joints
with intra-articular (IA) carpal fractures compared to normal joints. (C-D) Comparison of mtDNA and nDNA concentration between radiocarpal joint (RCJ) and
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To investigate the relationship between extracellular mtDNA and early degenerative change to soft tissues within
the joint including cartilage and synovial membrane, arthroscopic video footage was scored for severity of cartilage
lesion depth, cartilage lesion size, active synovitis, chronic changes to the synovium, and subchondral bone
pathology. Video footage was available for 17 out of the 19 injured joints. A total arthroscopyscore, calculated as
the sum of the five sub-scores, showed a strong positive correlation (r = 0.76, p = 0.0004) with synovial fluid mtDNA
and nDNA concentration (Fig. 4I). In addition, we evaluated the correlation of each sub-score with mtDNA
concentration. Cartilage lesion depth was scored at four sites: immediately surrounding the fracture site, on the
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same bone but more distant to the fracture site, on the opposing articular surface to thefracture, and in remote
locations within the same joint, using a modified ICRS scoring system. These four scores were averaged to obtain
a mean cartilage lesion depth score for each joint, which showed the strongestcorrelation (r = 0.80, P = 0.0001)
with mtDNA concentration of any of the scoring criteria (Fig. 4I-L). This finding suggests that for our patient cohort,
synovial fluid mtDNA reflects the degree of cartilage damage within the injured joint. Several of the other scoring
categories showed moderate correlations with either mtDNA or nDNA (Table 1). Interestingly, subchondral bone
pathology had no correlation with either mtDNA or nDNA (Table 1), which, in agreement with our radiographic
findings, may indicate that mtDNA release is associated with the soft tissues of the joint rather than bone. Finally,
we measured post-operative performance in patients that were Thoroughbred racehorses (n = 14) by obtaining
race records from a public database. Race records were available for 13/14 patients, and all (13/13) returned to
racing after surgery. Moreover, synovial fluid mtDNA concentration showed a moderate negative correlation (r = 0.56, p = 0.046) with the number of race starts in the first year after surgery (Fig. 4M), suggesting that patients
with lower mtDNA at the time of surgery may have improved post-operative outcomes.

Cartilage Lesion Depth
Cartilage Lesion Size
Subchondral Bone
Active Synovitis
Chronic Synovial Change
Total

mtDNA
log(concentration)
R
P
0.80 <0.001
0.59 0.012
0.30 0.237
0.64 0.006
0.46 0.062
0.76 <0.001

nDNA
log(concentration)
R
P
0.75
<0.001
0.69
<0.001
0.19
0.456
0.61
0.010
0.68
0.003
0.79
<0.001

Table 1. Arthroscopic scoring correlation data. Values with R > 0.7 and P < 0.001 are bolded.
Statistics by Pearson’s correlation analysis.

C. Significance
In summary, this work represents the first investigation of mDAMPs, and specifically extracellular mtDNA in
association with PTOA. Our findings indicate the mtDNA may be a valuable biomarker of early cartilage injury.
Furthermore, our data suggest that mitoprotective drugs are capable of preventing mtDNA release and cell death,
representing a promising new therapeutic strategy for the prevention and treatment of PTOA. Measurement of
synovial fluid mtDNA concentration could provide a non-invasive method for detecting mitochondrial dysfunction
and cartilage damage associated with early PTOA prior to the appearance of radiographic changes.
D. Publications and Other Grant Submissions
Published, presented and accepted scientific abstracts: *Selected for Podium, presenter underlined.
Seewald LA, Keller LE, Bennett MP, Casey JW, Delco ML (2020). Synovial fluid mitochondrial DNA
concentration increases following cartilage injury. ORS Annual Meeting, Phoenix, AZ*
Seewald LA, Keller LE, Thomas M, Casey JW, Delco ML (2020). Mitoprotection prevents increased synovial
fluid mitochondrial DNA concentrations after articular injury. Osteoarthritis Research Society International World
Congress (OARSI), Vienna, Austria. Osteoarth Cart. Vol 28, Supl 1, S96, April 01,2020 DOI:
10.1016/j.joca.2020.02.148
Seewald LA, Sabino GS, Bohner A, Delco ML (2021). Synovial fluid mitochondrial DNA as a biomarker after
naturally occurring intra-articular fracture. ORS Annual Meeting *ORS PreclinicalModels Section Podium Award
Winner
Seewald LA, Sabino GS, Bohner A, Delco ML (2021). Synovial fluid mitochondrial DNA as abiomarker after
naturally occurring intra-articular fracture. Osteoarthritis Research Society International OARSI World Congress*
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Seewald LA, Sabino GS, Bohner A, Delco ML (2021). Synovial Fluid Mitochondrial DNA as a Biomarker of
Articular Cartilage Injury. American College Veterinary Surgeons Annual Symposium*
Submitted manuscripts:
Seewald LA, Sabino IG, Montney KL, Delco ML. Synovial Fluid Mitochondrial DNA Concentration Reflects
the Degree of Cartilage Damage After Naturally Occurring Articular Injury. Submitted: ScienceTranslational
Medicine, August 2021. BioRxiv doi: https://doi.org/10.1101/2021.08.26.45757
Preprint available: https://www.biorxiv.org/content/10.1101/2021.08.26.457571v1
Submitted external grant applications:
Delco (PI)
2022 – 2027
$2,355,000
Sponsor/Mechanism: NIH Directors New Innovator Award (DP2)
Title: Next-Generation Mitochondria-targeted Therapies to Tackle the Most Common Causes of Pain and
Disability
Role: Principal Investigator
We are also happy to report that this project has produced results above and beyond the original Aims; It will lead
to at least 3 additional manuscripts, including: 1) investigation of mDAMPs in several different forms of articular
pathology (OCD, chronic OA, intra-articular fracture, acute inflammation and sepsis) in the talocrural joint of horses,
2) the relationship of synovial fluid and plasma mtDNA to post-operative inflammation and outcome in human
patients who had surgical repair of ACL tears, and 3) the relationship between synovial fluid mtDNA, Toll-like
receptor (TLR) stimulation, and the perpetuation of joint inflammation following injury.
Our entire research group sincerely thanks the Harry M. Zweig Memorial Fund for Equine Research for
supporting this work!
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Principal Investigator:
Title:
Project Period:
Reporting Period:

Dr. Michelle Delco
The role of mitochondrial Damage Associated Molecular Patterns (mDAMPs)
in equine joint injury and disease
1/1/20 – 12/31/21
1/1/20 – 12/31/20

Our broad goal was to investigate the types of signals that initiate the release of mitochondria-specific Damage
Associated Molecular Patterns (mDAMPs) by injured cartilage. We have found the first evidence that injured
cartilage cells (chondrocytes) undergoing mitochondrial dysfunction release mitochondrial DNA (mtDNA) into the
extracellular environment. Beyond what was described in the original proposal, we have also evaluated
environmental conditions that appear to contribute to baseline cellular stress and affect metabolic preference (e.g.
oxygen and glucose availability) in chondrocytes, and likely influence mtDNA release. Part of our first aim was
also to evaluate mechanical injury to whole cartilage as a stimulus for mtDNA release. These experiments required
new bovine-specific PCR primers and probes to be developed and validated in order to analyze our stored
samples. This work was significantly delayed by the COVID shutdown. However, working remotely, our
undergraduate researcher designed the required probes and primers, developed an experimental plan, and
finalized her SOPs. Having recently returned to campus, she has already finished her validation studies and begun
to preform qPCR experiments on the banked cartilage-conditioned media samples from our injured bovine
cartilage explant study. Our second aim was to analyze mDAMPs in equine synovial fluid – after both experimental
and naturally-occurring joint injury. Prior to shutdown, we completed mtDNA qPCRs, and analyzed data from the
earliest timepoints after experimental injury. We found that impact injury to the articular surface resulted in early
increases in synovial fluid mtDNA concentration. Excitingly, horses treated with SS-31 had significantly lower
synovial fluid mtDNA concentrations compared to control horses. We were able to work remotely and continue to
analyze the datasets immediately prior to shutdown, and develop statistical models that allowed us to assess
changes in mtDNA release into joint fluid over time with and without treatment. We found that experimental joint
injury caused elevations in synovial fluid nuclear DNA (nDNA) concentration over baseline (day 0) at all timepoints,
and for up to six weeks after injury. Furthermore, we found that a single intraarticular injection of a mitoprotective
peptide on day 0 after injury prevented this change; nDNA was not significantly different than baseline at any time
point. Synovial fluid mtDNA concentration was elevated compared to baseline at 14, 28, and 42 days after injury.
mtDNA in treated joints was not significantly different from baseline at any time point.
Another goal in Aim 2 was to analyze mtDNA in joint fluid from clinical cases (predominantly thoroughbred
racehorses) with joint injury. Before the shutdown, we collected and were able to run a subset of synovial fluid
mtDNA qPCRs. During shutdown, few cases were being operated, which impacted our ability to collect samples.
Furthermore, the shutdown prevented us from obtaining samples from the biobank and performing further
experiments. Since clinical records were available remotely, we compiled and began to analyze clinical data from
the cases we knew would be available to us. Following reopening, we have completed experiments and analyzed
synovial fluid sample data from the largest cohort; horses with carpal fractures (n = 19). In joints with fracture,
synovial fluid mtDNA and nDNA concentration was higher than in normal carpal joints. Radiographic scoring
revealed that synovial fluid from joints with moderate to severe soft tissue swelling/joint effusion had significantly
higher mtDNA content than joints with mild or no effusion, whereas nDNA concentration was no different (see
recently submitted ORS abstract).
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Principal Investigator:
Title:
Project Period:
Reporting Period:

Dr. Mariana Diel de Amorim
Can inflammatory markers in low-volume uterine lavage fluid be used to
diagnose mares with endometrial fibrosis and with acute inflammation?
6/1/20 – 5/31/21
6/1/20 – 12/31/20

Equine endometritis is a prevalent and challenging disease for practitioners to diagnose. Our objective was to
investigate equine inflammatory biomarkers in uterine low-volume lavage (LVL) fluid as a less invasive option.
Thirty-one estrous mares had an endometrial LVL and biopsy performed. The endometrial biopsies were graded
based on the Kenney and Doig system and scored for inflammation by a blinded pathologist (Dr. Andrew Miller).
The animals’ sample consisted of healthy mares (n = 12), chronic endometritis (n = 13), and mares with acute
endometritis (n = 6). The LVL samples were analyzed for inflammatory markers (IFN-γ, IL-1β, IL-10, IL-17, sCD14,
TNF-α, CCL-2, CCL-3, CCL-5, and CCL-11) through a multiplex assay. The preliminary data were presented at
the Society for Theriogenology conference in July of 2020 and has been accepted for presentation in the American
Association of Equine Practitioners (AAEP) Annual meeting in December of 2020.
We identified four cytokines that showed significant differences between healthy mares and mares with chronic
endometritis and also between mares with acute and chronic endometritis. Even though the sample size of the
acute group is small, the preliminary data shows promising results, demonstrating increased levels of the following
pro-inflammatory cytokine: IFN-γ, IL-1β, IL-17, and TNF-α in mares with chronic endometritis compared to healthy
and acute group. Further recruitment of mares is still being carried in order to validate the usefulness of these
cytokines as a diagnostic marker for equine endometritis in the low-volume lavage uterine fluid.
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Principal Investigator:
Title:
Project Period:
Reporting Period:

Dr. Susan Fubini
The Relationship between Obesity and Post-Operative Incisional Infections
Following Abdominal Surgery in the Horse
1/1/17 – 6/30/20
1/1/17 – 6/30/20

PROJECT TITLE: The Relationship between Obesity and Post-Operative Incisional Infections Following
Abdominal Surgery in the Horse
PRINCIPAL INVESTIGATOR: Susan Fubini
Here is our final update on 2 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, analysis done, and manuscript written. The paper has been reviewed
for the Equine Veterinary Journal, changes made, and has recently been published (see below). Dr. Hill, The
primary author, Now in Equine referral practice in Littleton Colorado has also given an on-line podcast interview
about the work.
Like many schools and referral practices our surgical 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 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.
GENERAL ARTICLE
Higher body mass index may increase the risk for the development of incisional complications in horses following
emergency ventral midline celiotomy
Jacqueline A. Hill Jesse F. Tyma Galina M. Hayes Rolfe Radcliffe Susan L. Fubini
First published:29 January 2020 https://doi.org/10.1111/evj.13242
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Principal Investigator:
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Reporting Period:

Dr. Gillian Perkins
Validation of an Equine Stall-side Major Crossmatch Test
12/1/17 – 5/31/20
12/1/17 – 5/31/20

Sponsor: Resident Research Grants Program
Project Title: Validation of an Equine Stall-Side Major Crossmatch Test
Principal Investigators: Gillian Perkins, DVM, Diplomate ACVIM
A. Specific Aims of the Study and Modifications
The Aims of the study were not modified.
Aim 1. Compare the sensitivity and specificity and concordance of the stall-side kit and gold standard method in
crossmatch reactions with expected outcomes.
Sub aim 1.1: Compare overall sensitivity, specificity and test concordance for expected crossmatch reactions:
Sensitivity of both methods will be calculated from the percentage of positive results from expected incompatible
reactions on crossmatches between horses of known blood types and antibody profiles, regardless of blood
type. Specificity of both methods will be calculated from the percentage of negative results from expected
compatible reactions. We will also test method concordance (Cohen´s kappa) using 2 x 2 tables.
Sub aim 1.2: To determine if kit agreement with the gold standard is dependent on blood type: In this part of the
study, we will determine concordance between methods for the three separate common blood types, Aa, Ca and
Qa as outlined for Aim 1. The goal of this Aim is to determine if concordance is blood type dependent.
Aim 2. To perform a field trial and compare kit agreement with the gold standard in a large sample size of horses
of unknown blood types: Here, 173 horses of unknown blood types will be crossmatched using the gold standard
method and the stall-side kit and concordance between methods calculated using 2 x 2 tables. Based on the lower
expected prevalence of incompatibilities (approximately 20%), and to determine if the kit is at least 90% sensitive
to detect incompatibilities with a 95% CI width of 80-100% when reactions are not artificially set up based on blood
type, we will need to perform 173 tests1. From the proposed studies, we will have determined the sensitivity and
specificity of a crossmatch kit as well as agreement between the two methods using the statistical software SAS
(v. 9.4). This will allow us to decide if the stall-side crossmatch kit is a suitable alternative to the laborious goldstandard method. If the stall-side kit is comparable to the gold standard laboratory method for performing
crossmatches, equine practitioners would be immediately able to use these kits in veterinary practice, providing a
tremendous benefit in the treatment of critically ill horses or surgical cases requiring a blood transfusion.
B. Summary of Scientific Findings
Purpose. Evaluate agreement between a stall-side crossmatch kit (KIT) and a laboratory method (LAB) in horses
with known and unknown blood types.
Methods. Prospective, blinded study. KIT and LAB crossmatches were performed by independent observers.
Expected positive (n=35) and negative (n=36) crossmatches among 24 antibody and blood-typed horses were
used to determine sensitivity and specificity of KIT and LAB against the reference method. Agreement in 156
untyped horses was evaluated by reciprocal crossmatch (n=156).
Results. Sensitivity (% [95% CI]) for LAB and KIT compared with expected reactions was 77.1% (59.9 to 90.0%)
and 91.4% (77.0 to 98.2%), and specificity 77.8% (60.9 to 89.9%) and 73.5% (55.6 to 87.1%), respectively. KIT
was 100% sensitive for Aa reactions; LAB was 100% sensitive for Qab; and both were 100% sensitive for Ca.
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Cohen´s κ agreement for LAB and KIT with expected positive and negative reactions (n=71) was moderate (0.55
[0.36 to 0.74]) and substantial (0.65 [0.47 to 0.82]), respectively. Agreement was fair comparing LAB with KIT in
Aim 1 (0.30 [0.08 to 0.52]) and in untyped horses in Aim 2 (0.26 [0.11 to 0.41]).
Conclusions. KIT and LAB agreement with expected reactions was blood type dependent. Performance of both
methods depends on blood type prevalence.
C. Significance
Blood transfusion is a vital tool in equine critical care for the treatment of severe anemia. A blood transfusion
between incompatible horses can cause transfusion reactions, which can be life-threatening. A crossmatch can
be done prior to transfusion to assess compatibility, however, the currently used gold standard laboratory
crossmatch procedure is time consuming, costly, requires technical expertise and is not readily available to the
equine practitioner. A new stall-side gel crossmatch kit has been developed for horses to classify samples from a
donor-recipient pair into compatible or incompatible. However, this kit has not been independently validated. If this
kit can identify blood type incompatibilities, it would allow veterinarians to find appropriate blood donors, thus
permitting safe blood transfusion in an emergency.
Our objective was to evaluate agreement between crossmatch tests done by LAB and KIT in horses for both
known and unknown blood types. The KIT is a rapid, point-of-care test that can be performed in 20 minutes and
could be used in a field setting for horses with life-threatening anemia requiring prompt transfusion. We found that
KIT and LAB agreement with expected reactions was substantial and moderate, respectively, but only fair when
comparing both methods with each other in both blood- typed and untyped mixed populations of horses.
Agreement was blood type dependent and improved when stratifying data by the two most represented breeds
(Thoroughbred and Warm Blood). Thus, we conclude that the performance of both methods will depend on the
prevalence of blood types within the tested horse population. Future studies geared towards identifying the
reasons for discrepant method results, having a clearer understanding of how anti-RBC antibody profiles change
over time, and determining if positive crossmatch reactions correlate to in vivo transfusion reactions are needed.
D. Publications and other grant submissions
Fenn MS, Bortise-Aryee AD, Perkins GA, Mann S, Tomlinson JE, Wood E, Mix SE, Stokol T. Agreement of stallside and laboratory major crossmatch tests with reference standard method in horses. J Vet Intern Med
2020;34(2):941-948.
E. Resident’s Assessment
This project offered ample opportunities for professional growth during my residency training in Large Animal
Internal Medicine. Specifically, it helped fulfill my residency program’s requirements of being the first author of a
publication in a refereed scientific or medical journal relevant to the discipline of veterinary large animal internal
medicine. Although it was an obligation of the residency, it also aligned with my personal goals for the residency,
which included continuing to improve my skills in written scientific medical communication, and in particular
learning to properly organize scientific data, communicate this data accurately in writing, and then discuss the
scientific findings in the context of current medical literature. The benefits of this skill set can be applied in any
research setting and I have already been able to use them in the research obligations of my current employment
post-residency, a position that combines equine clinical practice with research obligations. Working on this project
not only deepened my own knowledge of transfusion medicine, but also will hopefully benefit all equine
practitioners and their patients by improving the safety and efficiency of blood transfusions. The co-mentors on
the project assisted me through the process of creating a hypothesis and an appropriate experimental design to
test the hypothesis. We worked together to modify and improve the study design, as well as all facets of the
project, including performing the laboratory testing, data collection, statistical analysis of the results, interpretation
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of the data, and the manuscript preparation and presentation of the scientific findings. I was solely responsible for
the completion of all KIT cross matches performed during the project. I also participated in activities that
strengthened my written and oral presentation skills, including attending the Clinician Scientist Training Workshop
at the University of Wisconsin-Madison, presenting our research abstract at the Clinical Investigators’ Day and
Harry M. Zweig Memorial Fund Poster Session (including winning the award for “Best Presentation Style”) at
Cornell University, as well as the ACVIM Forum and as a guest lecture series in Doha, Qatar. This project was
especially appealing to me for its clinical relevance to both of my main fields of interest – internal medicine and
emergency and critical care. I have continued to participate in research studies during my current employment as
an equine internist working in Qatar. I successfully obtained grant funding to investigate the blood types and
antibody profiles of Straight Egyptian Arabian horses in Qatar, with the overarching goal of establishing the first
laboratory to offer crossmatching and pre-transfusion testing in the Middle East.
Other Activities: Briefly describe your involvement in activities other than research and research training during
the project. Describe activities such as teaching, clinical care, service on advisory groups or committees, and
administrative activities.
During my residency, most of my time was spent providing clinical care to Large Animal Medicine patients in the
Cornell University Hospital for Animals. In addition, I was fortunate enough to take part in a resident-exchange
program at the University of Zurich, Switzerland where I focused on Cardiology. Other activities included an
externship at Hagyard Equine Medicine Institute, Lexington, KY and the ACVIM Large Animal Medicine Candidate
Boot Camp at Texas A&M University, College Station, Texas. I provided help with laboratories for the student
chapter of the AAEP and the Large Animal Symposium as well as taught lectures in the Large Animal Neonates
Course (Neonatal Septicemia); Block V Foundation Course (Gastrointestinal ulceration in large animals); Block IV
Foundation Course (Case of Pulmonary Aspergillosis); Block VI OSCE Third Year Clinical Examinations on the
equine.
F. Mentor’s Report
This project provided a foundation of research knowledge, particularly on how to generate a hypothesis, design
and execute a high-quality study on a clinical topic of interest to Melissa Fenn, a highly successful large animal
internal medicine resident. The interdisciplinary team, including Drs Sabine Mann and Tracy Stokol, broadened
Dr. Fenn’s network and allowed her to understand more deeply power calculations, statistical analysis, diagnostic
test accuracy, and laboratory methods. Dr. Fenn, a highly organized and intelligent individual, was easily
mentored, understood the findings, gained experience in presentation of scientific findings at local and national
meetings, and published our work in the Journal of Veterinary Internal Medicine. I am pleased to see that Dr. Fenn
has continued to apply this knowledge in her current clinical work and am proud of her accomplishments and
expect that she will continue to advance our profession.
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Principal Investigator:
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Dr. Gillian Perkins
Equine gammaherpesviruses and equine gastric ulcer syndrome (EGUS) -- is
there a link?
1/1/20 – 6/30/21
1/1/20 – 12/31/20

Over the past year, the resident collected equine stomach samples from a total of 40 horses, including 11 normal
horses, 13 horses with squamous gastric ulcers, 12 horses with glandular gastric ulcers, and 4 horses with both
squamous and glandular gastric ulcers. Fresh frozen samples and formalin-fixed samples were collected for PCR
and in situ hybridization respectively. Clinical questionnaires were completed for each horse detailing historical
information. Thus far, in situ hybridization (ISH) has been performed on samples of 17 horses., but due to the
pandemic that started in March and closure of the research labs, the resident has been unable to perform ISH on
the remaining samples. Moreover, establishment and validation of an in-house qPCR, planned in the lab of the
co-mentors, Drs. Van de Walle and Tomlinson, had to be postponed. Analysis of available ISH samples showed
presence of EHV-2 and EHV-5 in the glandular region of the equine stomach. Moreover, it appears on preliminary
examination that virus is present at higher levels in ulcerated tissue compared to normal tissue.
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Project Period:
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Dr. Heidi Reesink
Proximal sesamoid bone microdamage and fracture toughness in Thoroughbred
racehorses
6/1/18 - 5/31/20
6/1/18 - 5/31/20

Sponsor: Resident Research Grants Program
Project Title: Proximal sesamoid bone microdamage and fracture toughness testing in
Thoroughbred Racehorses
Principal Investigators: Lauren K. Luedke, Heidi L. Reesink
A. Specific Aims of the Study and Modifications
Specific Aims:
Aim 1. Compare pre-existing microdamage prior to proximal sesamoid bone (PSB) fracture between fracture
contralateral limbs (FXCL) and sex-age-matched controls (SAMC) using lead uranyl acetate (UA) whole bone
staining and basic fuchsin staining for microcracks.

Aim 2. Measure fracture toughness in PSBs from FXCL and SAMC and determine if there is a difference in
microfracture volume between FXLC and SAMC proximal sesamoid bone tissues.
(1) This aim has been modified to specifically evaluate fracture toughness testing; assessing microfracture
volume following mechanical testing was deemed to be an unrewarding endeavor given the likelihood of
causing artifactual microdamage duringprocessing.

Aim 3. Correlate fracture toughness with bone density and other morphometric measurements and bone density.
B. Summary of Scientific Findings
Purpose.
The purpose of this research was to further understand the etiology of catastrophic PSB fracture in Thoroughbred
racehorses and investigate whether pre-existing microdamage could be a contributing predisposing factor to
fracture. Furthermore, fracture toughness testing is a common mechanical test for industrial materials and has
been used in human research for assessment of bone mechanical properties. To our knowledge, this method has
never been utilized in equine PSB samples.
Methods.
Twenty-four horses were included in the study, all of which died or were euthanized on New York racetracks from
2016-2018; complete necropsies were performed as a part of an initiativeinstituted by the New York State Gaming
Commission (NYSGC). Twelve horses sustained catastrophic PSB breakdown injury of one forelimb and twelve
SAMC died or were euthanized for reasons unrelated to the PSBs (Table 1). Exercise histories for all horses were
documented including career duration, number of races entered, total high-speed furlongs, and exercise andrest
periods.
Gross descriptions and morphometric measurements were documented following PSB dissection, using digital
calipers to measure maximal height, width, & depth, and the Archimedes principle of fluid volume displacement to
quantify volume. Fractured PSBs werereconstructed for measurements, though fractured samples in which too
much bone was missing resulting in an inaccurate reading were not included.
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Fracture, FXCL, and SAMC PSBs were divided equally and assigned to one of three testing modalities: 1) whole
bone 3-D volumetric imaging microdamage assessment, 2) histologic microdamage assessment, or 3) mechanical
testing for fracture toughness (Figure 1).

Figure 1. Project design showing allocation of PSBs to testing modalities.

Whole PSB lead uranyl acetate (LUA) staining followed by micro-CT imaging was performed to assess location
and volume of microdamage. PSBs were stained over a 3-month period and volumetric images were acquired via
micro-CT (Bruker Skyskan 1276, 40 x 40um voxel). Scans were analyzed by a non-blinded reviewer (LKL) to
assess radiopaque LUA uptake in areas of microdamage in relation to gross findings. Furthermore, the degree of
uptake was qualified using a 9-zone grid: articular, medullary and flexor surfaces by apical, mid-body, basilar
regions and numeric scores assigned per zone where: no uptake = 0, mild uptake = 1, moderate uptake = 2, and
significant uptake = 3. Zone scores were added together for a total score per PSB for statistical analysis. Custom
Matlab code was then used to non-subjectively quantify the mean pixel intensity of the micro-CT scans to assess
volume of LUA uptake.
PSBs dedicated to histologic analysis were bulk stained with basic fuchsin for 2 weeks and embedded in plastic
polymethylmethacrylate prior to sectioning for slide preparation. Middle and abaxial sagittal sections were
analyzed for number and location of microcracks based on the same 9-zone grid used for LUA analysis.
Microcracks were quantified using Burr and Stafford criterion and bright-field microscopy at a magnification of 1020x (Burr & Stafford 1990). Slides were analyzed by the same non-blinded reviewer (LKL) and a boarded
pathologist (SPM).
Fracture toughness testing was carried out using ASTM E399 standards. Axial, middle, and abaxial parasagittal
microbeams were generated from the flexor cortex of PSBs, with dimensions of 2x4x20mm [width (a) x depth (W)
x length]. The specimens were polished to eliminate surface flaws, and a notch was created on the flexor surface
to control crack initiation. Microbeams were tested to failure in 3-point bending using a Bose Endura Tech LM1
test bench (Bose Corporation, Minnetonka, MN). Fracture toughness was calculated using the ASTM standard
equation (A3.1).
Statistical analysis: All data was tested for normality using a Shapiro-Wilk test. Between-group differences were
compared using a student’s t-test or Wilcoxon test, as appropriate. Analysis of covariance (ANCOVA) with post
hoc Tukey’s tests were performed on morphometric measurements and fracture toughness values, controlling for
weight and high-speed furlongs, respectively.
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Results.
Horse demographics & fracture configurations (Table 1):
Horses ranged in age from 2-9 years; fracture horses were 3-8 years-old (median = 3.5 years) and SAMC 2-9
years-old (median = 3 years). The fracture group consisted of n=3 stallions, n=6 geldings, and n=3 mares, while
the SAMC group consisted of n=3 stallions, n=4 geldings, and n=5 mares. Of the 24 horses included in the study,
11 horses sustained unilateral biaxial PSB fracture, one horse sustained unilateral, uniaxial PSB fracture (Table
1). The left-limb PSBs were fractured in 4 horses, and right-limb PSBs in 8. The most common fracture
configurations consisted of a medial-PSB basilar, transverse-T and lateral-PSB mid-body transverse fracture
(Table 1). The cause of death for all SAMC horses is outlined in Table 1; but was not attributable to PSBs
breakdown injuries or fracture of MCIII.

Table 1. Study population demographics with cause of death and fracture configurations in horses sustaining PSB fracture.

PSB morphometrics:
Height, width, depth, and volume measurements were slightly larger for fracture PSBs versus SAMC PSBs. The
mean dimensions and standard deviations for fracture PSBs were: height = 3.720.2 cm, width = 2.970.1 cm,
depth = 1.970.1 cm, and volume = 15.341.6 cm3 while SAMC horses measured height = 3.690.2 cm, width =
2.930.1 cm, depth = 1.940.1 cm, andvolume = 15.021.3 cm3. There were no significant differences between
height, width, and volume for fracture and SAMC
PSBs, p=0.74, p=0.14, and p=0.33, respectively.
PSB depth was greater for fracture PSBs as
compared to SAMC PSBs, p=0.04.
Microdamage:
Pre-existing microdamage was uncommon in FXCL
and Control PSBs. When present, radiopaque
microdamage on LUA-stained PSBs was focal in
relation to gross articular defects (Figure 2). Total
zone scores ranged from 0-4 with a mean score of
0.831.6 for FXCL PSBs and 0.581.2 for controls
and median scores of 0 for both groups; p=0.68.

Figure 2. A. Gross articular surface image of PSB from the control horse frompair
6; B. Sagittal lead uranyl acetate stained micro-CT image at the level of white line
denoted in A. Note abaxial articular defect in A (black arrow) and corresponding
focal radiopaque uptake at the articular margin in B (white arrow). White asterisks
in B indicate artifactual LUA uptake in pores and vascular channels.
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Similar to the location of LUA uptake, histologic microcracks were most evident onthe mid-body articular surface
of PSBs. Thetotal number of microcracks per PSB ranged from 0 to 6 with a mean of 1.421.6 microcracks for
FXCL and 0.921.5 microcracks for SAMC PSBs; median values were n=1 and n=0 respectively; p=0.27.
LUA uptake on fracture samples was associated with the fracture margins and, correspondingly, microcracks
were evident in close proximity to fracture lines histologically (Figure 3).
Figure 3. A. Fractured PSB stained with basic fuchsin
at the articular margin just proximal to the fracture.
Black arrows point to basic fuchsin stained
microcracks. B&C. Lead uranyl acetate micro-CT
images from the medial fractured PSB of pair 8;
sagittal (B) and frontal (C) slices. Radiopaque LUA in
distal fracture fragment and along fracture margins
highlights regions of microdamage likely resulting from
the fracture.

Fracture toughness testing:
Averaged fracture toughness values between axial, middle, and abaxial samples for FXCL PSBs ranged from
0.99-1.8 MPa m with an average of 1.340.3 MPa m. Averaged control values were almost identical ranging from
0.79-1.96 with an average of 1.340.4 MPa m. Values for axial, middle, and abaxial microbeams when evaluated
individually were similar; FXCL had fracture toughness values of 1.330.3, 1.430.4, and 1.220.3 for axial,
middle, and abaxial sections, respectively, while control values were 1.330.5, 1.310.4, and 1.270.5. The
coefficient of variation for averaged FXCL PSBs was 20.8% and 25.6% for controls. Ultimately, mechanical testing
did not yield significantly different fracture toughness values with ANCOVA comparison of fracture toughness
values, controlling for weight and high-speed furlongs.
Conclusions.
The two modalities for assessing microdamage used in this research – whole bone LUA, and basic fuchsin
histologic analysis – support the conclusion that microdamage is not a common prodromal factor for PSB
breakdown injuries. Fracture samples showed evidence of microdamage both on LUA and histologically; however,
it is impossible to determine whether themicrodamage was pre-existing or a result of the fracture. The lack of
microdamage in FXCL PSBs favors the notion that microdamage occurred subsequent to fracture. Not surprisingly,
due to the overarching absence of microdamage, there were no significant differences between cohorts for
microdamage detected via either LUA or histological staining. Furthermore, fracture toughness values were almost
identical when averaging axial, middle, and abaxial microbeams. We hypothesize that fracture toughness values
did not differ between FXCL and control PSBs because control horses were from a similar population as fracture
horses and experienced similar loading and bone remodeling as a function of race training. Study limitations
include a limited sample size (n=24 horses), and histologic, CT, and mechanical tests were mutually exclusive,
further limiting sample size (n=12 SAMC or n=6 FXCL). This study also assumes pre-existing microdamage and
bone remodeling, which may influence fracture toughness, would be the same for fractured and FXCL PSBs.
Ultimately, cumulative microdamage to the PSB does not substantially contribute to catastrophic PSB fracture in
Thoroughbred racehorses, and PSBs from horses sustaining catastrophic PSB fracture do not have reduced
fracture toughness.
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C. Significance
The fatigue injury hypothesis of pre-existing PSB microdamage leading to catastrophic PSB fracture was not
supported by our research after evaluating PSBs for pre-existing microdamagevia two unique modalities—lead
UA 3-dimensional volumetric imaging and basic fuchsin staining of histological sections. Although the
accumulation of subchondral microdamage leading to microcracks and even propagation to condylar fracture is
well-accepted in the metacarpal 3/metatarsal 3 condyles of the horse, it is possible that mechanisms underlying
PSBfracture are unique. Future studies should investigate whether or not catastrophic PSB fracturecorrelates with
the accumulation of CT microdamage in MC3 condyles. Given the bi-modal nature of PSB fracture in both young
(short career duration) and old (long career duration) racehorses, it is likely that PSB fracture mechanisms are
unique, and this study suggests that techniques to evaluate PSB microdamage are not likely to be successful in
detecting horses at risk of PSB fracture.
Furthermore, no differences were detected between fracture toughness values in FXCL and control horses,
although sample size was limited. Nonetheless, this data does not support our hypothesis that horses sustaining
PSB fracture have reduced fracture toughness due to embrittlement/increased bone volume fraction within the
PSBs. Whole-bone testing of PSBs under loading scenarios that more closely mimic the combined tensile and
compressive loading of the equine fetlock would be valuable; however, no such testing technique or
instrumentation has been developed for this purpose and would require significant optimization. This study
suggests that future studies should investigate other non-microdamage mechanisms that may lead to catastrophic
failure of equine PSBs, whether that is simply insufficient bone tensile strength or other bone quality factors that
we are overlooking. Nonetheless, this study is the first of its kind and provides a path forward for investigating
other mechanisms leading to PSB fracture in racehorses.
D. Publications and other grant submissions
Proximal sesamoid bone microdamage and fracture toughness testing in Thoroughbred racehorses. LK Luedke,
P Ilevbare, KJ Noordwijk, P Palomino, SP McDonough, SE Palmer, EL Donnelly, HL Reesink. Manuscript in
preparation for submission to: Veterinary Surgery, 2020.
E. Resident’s Assessment
Research Development
Throughout this research endeavor, outside of my specific research, I attended a number of lectures and seminars
including a several-day virtual seminar: Clinician Scientist Workshop Training. Additionally, a semester-long
biostatistics course was offered for the resident seminar series. I attended another resident seminar series focused
on abstract presentations and scientific manuscript preparation. When time allowed off clinics, I attended weekly
lab meetings which aided in scientific presentation skill development and also as an educational platform for
ongoing research in the lab.
In regard to this research project specifically, I was trained in bench top research protocols for various histologic
staining protocols of bone and was subsequently trained in histologic microscopic assessment of bone. All of the
mechanical testing and preparation of specimens was carried out on the engineering campus, predominantly in
the Donnelly lab. There, I received training for specimen preparation for mechanical testing as well as technical
training to operate the Bose Endura Tech LM1 test bench for mechanical testing. The resulting data was analyzed
using custom Matlab coding, for which I gained experience in basic coding and operation of the software.
Furthermore, given the time spent in multiple labs, I spent many hours learning lab safety protocols through CU
Learn.
I participated in Cornell’s Clinical investigators Day to present a research proposal, where Igarnered many useful
experiences in abstract preparation and presentation.
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Other Activities:
Throughout out the course of this research project, I have spent majority of my time on clinics in the large animal
hospital, receiving training in large animal surgery. During this time, we dedicate time for daily student teaching in
the form of morning and evening case rounds, and often have weekly topic rounds. I have also given several
lectures to the veterinary underclassmen and for the AAEP/ACVS student organizations. Furthermore, I have given
lectures for the New York State Veterinary Conference and continuing education events for referring veterinarians
through Cornell. From January 2018-January 2019, I served as the chief resident for the large animal and
ambulatory residents.
F. Mentor’s Report
Dr. Luedke has worked diligently and often independently to increase her background knowledge of racehorse
fracture; develop techniques in 3-dimensional volumetric imaging analysis; mechanical testing techniques using
ASTM standards; and analysis of imaging and mechanical testing data using MATLAB code. Throughout the
course of this project, Dr. Luedkeprepared this resident research grant proposal and a similar grant proposal
submitted to the American College of Veterinary Surgeons (ACVS) Surgeon-In-Training RFP. In addition to gaining
experience in drafting grant proposals, Lauren also presented her proposal at the 2018 Clinical Investigator’s Day
(CID) and was scheduled to present her results at the 2020 CID before it was canceled due to the COVID-19
pandemic. She has gained skills in grant preparation, abstract preparation, figure generation, statistical analysis
and manuscript preparation. Dr. Luedke’s abstract submission to the 2020 ACVS Annual Surgery Summit was
selected for the Resident’s Research Forum, a considerable honor given the quality of the submissions each year.
In addition, she is currently drafting a manuscript for submission to Veterinary Surgery.
In addition to the personal written and verbal communication skills that Dr. Luedke has developed over the course
of the past two years, she has also shown leadership skills and an ability to work with colleagues in diverse
disciplines by mentoring an undergraduate student, Phoebe Ilvebare, through the course of this project and
working with other graduate students and PI’s in the labs of Dr. Eve Donnelly, Dr. Chris Hernandez, Dr. Sean
McDonough and, more recently, Dr. Parminder Basran. Dr. Luedke has shown initiative to keep advancing her
research project forward, even when faced with hurdles with adapting mechanical testing coding to her unique
project and facing challenges with histologic detection of microdamage using the staining and embedding
techniques available to whole equine PSBs. Lauren has contributed significantly to this project, and I am confident
that she has developed both breadth and depth of understanding of equine racehorse fracture and, more
specifically, PSB fracture through her involvement with this project. I have been impressed with her dedication and
attention to detail, and I am confident that the results of her work will result in a publication that will be very useful
to other researchers in the field.
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Principal Investigator:
Title:
Project Period:
Reporting Period:

Dr. Heidi Reesink
Does Proximal Sesamoid Bone Mineral Loss Lead to Increased Fracture Risk?
1/1/19 – 12/31/21
1/1/20 – 12/31/20

Specific Aim 1. To determine whether proximal sesamoid bone volume fraction, bone mineral density and fetlock
osteoarthritis (OA) differ between: 1) racehorses sustaining PSB fracture, 2) racehorses not sustaining PSB
fracture and 3) non-racehorses.
In Basran et al., 2020, we demonstrated that a radiomics approach was able to identify differences in perceptible
features, such as morphology, and other imperceptible features, such as entropy and complexity, between
fracture and control PSBs. Some of these features were consistent with previously published findings, including
bone volume fraction and PSB width (Cresswell et al., 2019). In Cresswell,Ruspi et al., in press, histologic PSB
osteoarthritis (OA) scoring revealed that more advanced cartilage arthritic changes correlated with both total
accrued high-speed furlongs and PSB fracture. Histologic OA,tidemark advancement, osteophyte size and palmar
osteochondral disease (POD) score were greater inthe fracture group as compared to controls.
For bone mineral density (BMD) measurements, bilateral forelimb clinical computed tomography (CT) and dual
energy x-ray absorptiometry (DXA) scans have been acquired for 29 horses, including 14 fractures and 15
controls (samples collected May 2019-March 2020). DXA BMD measurements have been performed for the distal
third metacarpal bone (MC3), the distal palmar quarter of the MC3 condyleand the PSBs for all 29 horses (Table
1). MC3 bone mineral density was strongly correlated with total accrued high-speed furlongs. No differences in
DXA-measured BMD were found between fracture and control groups in any of the 3 regions; however, a regional
increase in the density of the palmarodistal region was observed and was correlated with POD score (gross) and
condylar sclerosis (CT). CT evaluation revealed increased sclerosis and lysis of distal MC3 and increased
radiographic density of the subchondral region of the PSBs in horses with greater accrued total furlongs. Data
analysis is ongoing, and a manuscript is currently in preparation by the DVM research fellow funded by this grant
(Noordwijk).
Table 1. DXA analysis and results
Region

Group

Mean BMD

Distal MC3

Fracture
Control
Total
Fracture
Control
Total
Fracture
Control
Total

2.99
3.00
3.03
3.14
3.22
3.23
2.13
2.10
2.12

Palmar
distal MC3
PSB

Standard
deviation
0.20
0.22
0.22
0.34
0.33
0.32
0.07
0.11
0.10

P-value
(fx. vs control)
0.86

P-value
(Total furlongs)
<0.0001

0.38

0.0001

0.64

0.059

Specific Aim 2. To determine how well PSB ash fraction measurements, the gold-standard for measuring bone
mineral density, correlate with non-invasive measurements of bone mineral density, including: 1) clinical CT, 2)
dual-energy x-ray absorptiometry (DXA), 3) Raman spectroscopy and 4) Raman and ash fraction measurements
of the iliac crest.
As described above in Aim 1, bilateral forelimb clinical CT and DXA scans have been completed for 29 horses.
Due to closure of university facilities as a result of COVID-19, including the Renishaw InVia confocal microscope
in Bard Hall, we adapted our experimental plan to perform Raman spectroscopy onapproximately half of the
samples that we had originally intended to (16 out of 29horses). PSB samples from 16 horses (8 fractures and 8
controls) were cut, and the mid-sagittal section was polished for Raman spectroscopy. Measures acquired
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included: mineral-to-matrix ratios, carbonate-to-phosphate ratios, collagen maturity and crosslinking. Raman
spectra were acquired in nine sub-regions (Fig 1A).
Fig. 1 Raman imaging of sagittal PSB sections. A) Each
section was divided into 9 sub-regions for imaging. Three
readings were acquired within each region. B) Relative
GAG content did not differbetween sub-regions in control
PSBs. C) Relative GAG content wasdecreased in the
subchondral region as compared to the medullarysubregion in fracture PSBs.

When all regions were combined for wholebone measurements, no differences were observed between fractures
and controls, and no correlations with accrued total furlongs were observed. However, regionaldifferences were
observed in mineral-to-matrix and carbonate-to-phosphate ratios when PSBs from all 29 horses were combined.
Mineral-to-matrix ratios were greater in the medullary region (0.90) as compared to the subchondral (0.84, p<0.01)
and flexor regions (0.80, p<0.001) and greater in the basilar region (0.86) as compared to the apical region (0.82,
p<0.05). Carbonate-to-phosphate ratios were greater in the flexor region (1.61) than the subchondral and
medullary regions (1.54 and 1.55, respectively, p<0.01). Regional differences in relative glycosaminoglycan (GAG)
content were observed in fracture PSBs but not control PSBs (Fig 1B,C).
PSB and iliac crest bone samples are currently being sectioned and stored at -20°C for ash fraction
measurements to be performed this winter.
Specific Aim 3. To determine whether PSB or iliac crest bone mineral density measurements or PSB bone volume
fraction measurements increase the likelihood of appropriate classification of fractures or controls as compared
to a previously reported mathematical model.
PSB and iliac crest bone samples are currently being sectioned in preparation for performing ash fraction
measurements this winter.
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Principal Investigator:
Title:
Project Period:
Reporting Period:

Dr. Gerlinde Van De Walle
The Mesenchymal Stem Cell Secretome Against Equine Herpesvirus Type I
Infections
1/1/18 – 12/31/21
1/1/20 – 12/31/20

Over the past year, we finalized our analysis of testing the efficacy of mesenchymal stem cell (MSC) secreted
factors, collected as conditioned medium (CM), against Equine Herpesvirus Type I (EHV-1) in our threedimensional nasal explant model ex vivo, as described in Aim 1 of the project. We first confirmed that the MSC
secreted factors do not negatively impact the integrity of equine nasal tissue (Figure 1) and then found that the
MSC secreted factors reduced the number of EHV-1 plaques when these equine nasal tissues were infected with
the virus (Figure 2). Under Aim 2; namely testing the efficacy of MSC secreted factors against EHV-1 in vivo, we
first conducted a study to determine if MSC secreted factors inhibited EHV-1 in a well-established mouse infection
model. Although we detected no significant differences in mouse weight or infectious virus in the lungs, our
histological analysis of lung tissues did indicate that there was more epithelial cell damage in the lungs of mice
infected with EHV-1 in control medium compared to those mice infected with EHV-1 in medium with MSC secreted
factors.
To corroborate these findings, we also started to analyze cross sections of mouse heads to evaluate the nasal
cavities, which is the primary site of infection of EHV-1. Figure 3 shows a representative image of the nasal cavity
of uninfected and EHV-1 infected mice, with the latter showing focal syncytial cell formation with intranuclear
inclusion bodies, indicative of viral infection. We next plan to analyze the nasal cavities of mice infected with EHV1 in control medium compared to those mice infected with EHV-1 in medium with MSC secreted factors.
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Principal Investigator:
Title:
Project Period:
Reporting Period:

Dr. Gerlinde Van De Walle
Studying the replication kinetics of equine parvovirus hepatitis (EqPV-H)
1/1/20 – 12/31/21
1/1/20 – 12/31/20

This 1-year grant proposal started in January of 2020 and in the first few months, we made great progress in
optimizing the markers that can be used to detect proliferation and/or expression of proteins involved in the DNA
damage response pathways in liver cells infected with equine parvovirus hepatitis (EqPV-H). Some images can
be found at the end of this report (Figure 1).
But then the COVID pandemic hit, and our research lab was closed from mid-March until mid-July, when we could
start re-activating our research activities at reduced capacity and within the limits imposed by the College.
Since the re-opening of our lab, we have invested in establishing an in vitro cell culture system, susceptible for
infection with EqPV-H. Although we can keep primary equine hepatocytes in 2D cultures alive for 1 week,
inoculation with EqPV-H does not result in robust and reproducible replication. Therefore, we decided to establish
a 3D liver spheroid model and our preliminary findings show that we can keep these spheroids alive for at least
30 days. Some images can be found at the end of this report (Figure 2). The characterization of these liver
spheroids is currently underway.

Figure 1: Liver tissue from a horse experimentally infected with EqPV-H (i) following dual-labelingfor in situ hybridization
(ISH, red) and immunohistochemistry (IHC, brown) for EqPV-H and Ki-67, respectively. (A) a hepatocyte with only positive
nuclear Ki-67 immunoreactivity. (B) A hepatocyte withonly positive ISH hybridization. (C) Dual positivity for ISH and Ki-67.
Of the 115 infected hepatocytes, only 4 were also positive for Ki-67, demonstrating that most infected cells were in G0 phase. (ii)
followingimmunofluorescence for DNA (blue), viral nucleic acid (red), and DDR marker p-RPA32 (green). The nuclei of
infected hepatocytes were rarely positive for p-RPA32 immunofluorescence in this horse.
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Figure 2: (i) Primary equine hepatocytes are plate in in ultra-low attachment wells to encourage spheroidformation. (A) 0 days
and (B) 5 days after plating, with spheroid formation by day 5. A = 4x, B = 40x. Bar = 50 m. Brightfield. (ii) A primary
equine hepatocyte spheroid at day 30 using brightfield (A) and fluorescent microscopy (B). The spheroid in (B) was labeled
with 5-CFDA, a cell viability marker that fluoresces with conversion by cellular esterases. (iii) A primary equine hepatocyte
spheroid contains viable cells at the periphery and within the center at 30 days. HE, 400x.
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Principal Investigator:
Title:
Project Period:
Reporting Period:

Dr. Bettina Wagner
Intranasal Biomarkers of EHV-1 Susceptibility and Protection
1/1/19 – 12/31/20
1/1/19 – 12/31/20

Project Title: Intranasal Biomarkers of EHV-1 Susceptibility and Protection
Principal Investigators: Bettina Wagner (PMDS)
A. Specific Aims of the Study and Modifications
The specific aim of this project was to identify novel biomarkers for EHV-1 susceptibility and host immunity and
protection. To discover new biomarkers we looked at differences in gene expression between susceptible and fully
protected horses. We used banked samples from EHV-1 infected horses that were either fully susceptible and
fully protected from disease. RNA was isolated from the samples and submitted to RNAseq analysis. We then
compared gene expression between the groups and also between different time points post EHV-1 infection.
B. Summary of Scientific Findings
The data analysis identified multiple host genes that showed high expression differences between the two groups.
Five genes with the highest differences between the EHV-1 susceptible and protected groups throughout the first
two weeks post infection were evaluated by quantitative PCR in additional horses from the same challenge study.
This step was done to confirm the up- or down-regulation of these genes prior to selection of the most robust
genes as biomarkers of protection against or susceptibility to EHV-1. The RNAseq analysis also pointed to several
novel immune system genes and biomarker candidates that can distinguish early and late infection stages
between the two groups, infection stages within the susceptible group, and those that can serve as unique
indicators of protection at different time points post EHV-1 exposure. In summary, we identified several novel
biomarker genes that distinguish EHV-1 susceptible and protected horses and are candidates for identifying the
EHV-1 immune status of a horse during EHV-1 outbreaks.
C. Significance
Equine herpesvirus type 1 (EHV-1) continues to cause outbreaks including those of equine herpesvirus
myeloencephalopathy (EHM), a severe neurologic disease. Every year, several EHM cases are reported in the
US leading to 3-4 weeks of quarantine at the outbreak facilities. EHM outbreaks and quarantine have a serious
impact on equine health, restrict horse transport, racing and competitions, and economically affect equine
businesses, horse owners, and the equine industry. Currently, all horses at a quarantined location are kept there
for the same time for general precaution and preventing the spread EHV-1 to other horses. Typically, only a few
horses at the quarantined facility are getting sick while several horses appear completely healthy and unaffected
by the virus. Currently, diagnostic biomarker tools that can distinguish if a horse is susceptible to EHV-1 infection
or immune and protected from clinical disease are unavailable. Such a biomarker tool, used immediately once an
EHV-1 outbreak is confirmed, can have major implications on quarantine management. It can allow for grouping
of horses based on their immune status, strategic movement of personal and veterinarians between the groups,
improve the treatment plan by targeting the horses at appropriate infection stages, and provide informed proof of
immunity for releasing healthy horses earlier from quarantine.
This project was driven by our previous findings and published data (Perkins et al. 2019; Schnabel et al. 2019)
describing intranasal immune markers that can distinguish between EHV-1 protected and susceptible horses. A
combination of these markers can be utilized to clearly determine the stage of infection and immunity and
protection against EHV-1. The ability to provide a marker set that distinguishes susceptible from protected horses
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and also determines the stage of EHV-1 infection in the susceptible group has significant clinical implications and
can provide us with a new diagnostic biomarker tool for EHV-1 outbreak situations. The final product should reliably
distinguish the immune and infection stages at any time during EHV-1 outbreaks. It will result in valuable
knowledge and data towards the development of a novel biomarker tool to assist with the management of horses
during EHV-1 outbreaks including earlier release of protected horses from quarantine and overall shortening EHV1 quarantine of immune horses.
D. Publications and Other Grant Submissions
The outcomes of this project have the potential to lead to various grant applications to further characterize the
mechanistic pathways of novel genes that are involved in local immune responses against EHV-1 infection. This
also includes the identification of new therapeutic targets to interfere with infection and the development of EHM.
One renewal project with the same title has been funded by the Harry M. Zweig Memorial Fund for Equine
Research for 2021/22. The goal of this project is to further explore different immune system genes that are
upregulated in protected horses early after EHV-1 challenge. This is performed at the protein and cellular levels
for evaluating host immunity against EHV-1 at the respiratory entry site of the virus and to complete the diagnostic
biomarker panel for mucosal EHV-1 immunity.
A manuscript describing the outcomes of this project is in preparation. The novel findings on local immunity against
EHV-1 and immune protection resulting from this project can significantly influence current management of EHV1 infections and quarantine.
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Principal Investigator:
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Project Period:
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Dr. Bettina Wagner
Towards a neonatal vaccine against equine herpesvirus type 1 (EHV-1)
1/1/18 – 12/31/20
1/1/18 – 12/31/20

Project Title: Towards a Neonatal Vaccine against Equine Herpesvirus Type 1 (EHV-1)
Principal Investigators: Bettina Wagner (PMDS)
A. Specific Aims of the Study and Modifications
The specific aims have not been modified.
In Aim 1, we planned to further optimize the concept of neonatal vaccination with IL-4/EHV-1 antigen and to test
if IL-4 is essential for neonatal EHV-1-specific memory B-cell activation. We vaccinated neonatal foals with IL4/EHV-1 antigen to prime the immune system of the neonate for EHV-1 specific memory B-cell induction. We used
four groups of foals: group 1 was vaccinated at birth with our neonatal IL-4/EHV-1 antigen vaccine; group 2
received EHV-1 antigen at birth (without IL-4), groups 3 and 4 were not vaccinated at birth. At 3 months of age,
we vaccinated groups 1, 2 and 3 with a commercial EHV vaccine with the goal to boost EHV-1 specific B-cell
development in the groups that previously received a neonatal vaccine. Foals typically mount poor antibody
responses to commercial vaccines at 3 months of age. Group 4 was not vaccinated and served as control group.
We then tested protection provided by these vaccine combinations. All foals were weaned and experimentally
infected at 7 months of age. EHV-1-specific antibody responses, including isotype responses, were evaluated in
all groups at several times of the entire study. EHV-1 specific B-cells, T-cells and local cellular responses were
also analyzed.
In Aim 2, we targeted the mechanistic evaluation of neonatal memory B-cell induction, expression profiles, and
differences in those from adult horse memory B-cells. We are analyzing the influence of IL-4 on EHV-1 specific
memory B-cell induction after neonatal vaccination, conventional vaccination and EHV-1 infection. A circulating EHV1 specific B-cell population can typically be detected in the peripheral blood 4-5 days post after EHV-1 antigen
stimulation. During this project, we optimized our B-cell sorting protocol and sorted these cells from the frozen PBMC
stocks that were stored while Aim 1 was performed. The purified B-cells were (i) stimulated in vitro with our panel of
EHV-1 antigens with and without IL-4 to analyze their antibody secretion. (ii) Other aliquots of the sorted cells from
vaccinated and control groups were used for RNAseq analysis, sent to the RNAseq Core, and the RNA expression
profiles of B-cells from different groups were compared.
B. Summary of Scientific Findings
Aim 1: All experimental parts for Aim 1 were performed and all data are analyzed. The manuscript to publish the
results is currently in preparation.
The major findings of Aim 1 are:
- Neonatal vaccination of foals with a simple EHV-1 antigen induces B-cell memory. We described this first
after our initial neonatal EHV-1 vaccination approach (Wagner et al. 2017) and this project confirmed that
this is a repeatable outcome.
- Neonatal vaccination also primes the immune system to respond earlier to conventional vaccines.
- Foals that are vaccinated at birth respond earlier and develop higher protective immunity after EHV-1
challenge.
- The protective effect in vaccinated foals was further evident by a shorter fever duration, decreased amounts
and shorter duration of nasal EHV-1 shedding, and a lower magnitude of cell-associated viremia.
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An increased immune response after EHV-1 challenge was also observed in foals that were not vaccinated
at birth but received the conventional vaccine at 3 months of age. This response was however lower than
the response of the neonatal vaccination group.
The major findings of Aim 2 are:
- Increased EHV-1 antibody production from B-cells was not observed in vitro. This may have technical
reasons like too low numbers of EHV-1-specific B-cells in the sorted peripheral B-cells not raising to
detectable antibody production in the in vitro assay set-up.
- RNAseq analysis revealed a total of 31 genes that were significantly and dramatically differentially
expressed between the control group and vaccinated horses.
- The genes more highly expressed in the vaccine group were involved in adaptive immune responses
pointing towards the proliferation of B-cells and secretion of antibodies and secretion cytokines.
- Other genes more highly expressed in the vaccine group were involved in the innate response including
complement factors, antimicrobials, and chemotaxis.
- Several other differentially expressed genes outside of immune related genes are those of neuronal
processes, cell to cell interactions, and transcriptional regulation.
- We currently consider the results of Aim 2 preliminary, requiring more experimental confirmation. Some of
the results of Aim 2 will be included in the manuscript written for Aim 1.
C. Significance
Neurological EHV-1 outbreaks continue to occur in the US despite widely used vaccination. This suggests the
need for improved vaccines or different prevention strategies for inducing effective immunity against EHV-1.
Herpesviruses interfere with host immune responses at various levels, such as innate immune modulation, antigen
processing and antigen presentation. Although severe disease outcomes like abortions or EHM occur almost
exclusively in adult horses, EHV-1 is typically transmitted to foals shortly after birth or at weanling age.
The neonatal and young foal immune system is still immature resulting in delayed and reduced humoral and
cellular immunity. Because very young foals react weakly to available vaccines, first vaccination with EHV-1
vaccines is generally recommended between 4-6 months of age. Early in life transmission thus allows EHV-1 to
modulate the foal’s immune response and establish latency before any protective immunization is currently
available.
Here, we found that early-in-life vaccination provides a clear advantage for the young horse by decreasing EHV1 disease, viral shedding and cell-associate viremia of the early-in-life vaccinated horses after challenge infection.
Horses that were vaccinated as neonates also had increased the immune response against EHV-1 after challenge,
with a quicker onset, higher magnitude and longer duration of immunity than those that were not vaccinated at
birth or 3 months of age. The findings in Aim 1 have a clear application and can influence our current vaccination
strategies and timing. The first EHV vaccination is currently recommended at 5-6 months of age. Our findings
clearly show that earlier vaccination than currently recommended can be safely performed with either simple EHV1 antigens or commercial vaccines and will lead to development of EHV-1-specific memory that boosts the immune
response and provides protection following EHV-1 exposure. Thus, early-in-life vaccination provides foals with an
immunological advantage and a much faster and higher immune response once fully immune competent. This
provides the early-in-life vaccinates with higher and longer-lasting immunity than horses that are vaccinated with
the currently used vaccination onset of 4-6 months. In contrast, foals vaccinated first at weanling age need much
longer to reach the same magnitudes of immunity and are thus much longer vulnerable to EHV-1 infection. We
consider neonatal vaccination against EHV-1 a valuable and doable approach to improve immunity against this
virus in young horses and especially race horses which typically are moved frequently as young horses for sales,
training and racing.
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D. Publications and Other Grant Submissions
A manuscript entitled ‘Neonatal and early in life vaccination elevates immunity and reduces nasal virus shedding
and viremia after experimental equine herpesvirus type 1 (EHV-1) challenge’ is in preparation.
In addition, we received notice that the US patent office will issue a patent for our application ‘Stimulation of
neonatal immunity against EHV-1’ within the next few months.
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APPENDIX C
Summary of 2020 Expenditures
2020 Research Awards

$668,334

2021 Public Relations and Administrative Budget

$28,100

2020 Incentive Awards

$10,000

TOTAL EXPENDITURES:

$706,434
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APPENDIX D
2020 Research Presentations
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APPENDIX E
2021 Research Awards
CONTINUATIONS
Principal Investigator

Project Title

2021 Award

Reesink, Heidi

Unraveling lubricin signaling in equine joint injury

$89,440

Wagner, Bettina

Nasal immunity and its function in preventing
transmission of EHV-1 in immune horses

$57,205

SUBTOTAL:

$146,645

NEW AWARDS
Principal Investigator

Project Title

2021 Award

Delco, Michelle

Synovial fluid extracellular vesicles in equine joint
disease and therapy

$64,463

Nixon, Alan /
Pigott, John

Multi-modal screening to identify Thoroughbred
racehorses at increased risk for catastrophic injury of
the metacarpophalangeal joint

$99,336

Wagner, Bettina

Intranasal biomarkers of EHV-1 susceptibility and
protection

$83,113

SUBTOTAL:

$246,912
$393,557
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APPENDIX F
Zweig News Capsules
Issue #69 (June 2020) and #70 (December 2020) are attached.
The full archive (1988 – present) is available online at https://ecommons.cornell.edu/handle/1813/22528.
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From the Harry M. Zweig
Memorial Fund for Equine
Research at Cornell University
College of Veterinary Medicine

No. 69 June 2020

Cornell radiologist creates
new brain atlas for horses
By Olivia Hall
Dr. Philippa Johnson knows her way around brains.
A clinical radiologist and diplomate of the European
College of Veterinary Diagnostic Imaging, she
specializes in advanced magnetic resonance imaging
(MRI) techniques. Now she has mapped her findings in
an equine brain atlas to help guide colleagues to better
diagnostics in veterinary medicine.
“Currently, our state of neuroimaging is to perform
standard MRIs,” said Johnson, who joined the College
of Veterinary Medicine’s Department of Clinical
Sciences as an assistant professor four years ago. “But
there are limitations, because readouts can be variable
between radiologists, and some of the lesions — such
as in epilepsy —aren’t visible on standard MRIs. The
diagnosis is therefore presumptive. So, I wanted to start
applying the most advanced forms of neuroimaging
currently being done in human clinical research in the
veterinary world. The big tool that we were missing
was the brain atlas.”

Research, Johnson and her colleagues used powerful 3-Tesla
magnets with twice the power of routine MRI devices
to image the brains of 15 horses euthanized for reasons
unrelated to the study. They averaged the measurements
of 10 horses to create a generalized model and used the
remaining five to test whether, when brains are registered
to — or integrated into — the atlas, the data quality is
maintained (a process called “validation”). The team also
made sure to equip the equine brain atlas with subcortical
masks, a feature that lets users separate specific parts of the
brain for more detailed insights.
“Each manuscript has its own specific purpose, and they
can always be improved on,” she said. “Our lab really
welcomes collaboration and data sharing, so we’re very
open to different labs reaching out to us. It’s nice to be able
to support the application of advanced MRI techniques in
veterinary neurology, and we’d like to promote this level of
research as much as possible.”

Cutting-edge, high-resolution, so-called stereotaxic
brain atlases bring data obtained from multiple
individuals into a standardized virtual space. “There
they can be compared to each other,” Johnson said.
“The atlas also enables us to identify a standardized
region in the brain that we want to compare across
subjects.” She hopes that the newest publications —
freely available for download online — will enhance the
few existing tools and fill significant gaps.
The equine brain had not yet been mapped. Supported
by the Harry M. Zweig Memorial Fund for Equine

An example of the equine brain atlas developed by Dr. Philippa
Johnson, assistant professor in the Department of Clinical
Sciences. Image provided.

Collaboration reveals potential new therapy for
osteoarthritis
By Lauren Roberts

Osteoarthritis affects 240 million
people worldwide and is one of the
most common causes of disability in
both humans and animals.
Currently, no therapeutics exist
to prevent this disease, but recent
collaborative research at Cornell
reveals that the application of a
proprietary peptide known as SS-31
may protect cartilage from the injury
that leads to arthritis.
Michelle Delco ’98, D.V.M. ’02, Ph.D.
’16, is senior author of “Mitoprotective
Therapy Prevents Rapid, Strain
Dependent Mitochondrial Dysfunction
After Articular Cartilage Injury,”
which was published Dec. 16 in the
Journal of Orthopaedic Research.
Delco is a board-certified largeanimal surgeon and assistant research
professor in the Department of
Clinical Sciences, in the College of
Veterinary Medicine (CVM). Her
time spent in clinical practice treating
equine athletes for sports injuries
motivated her to search for ways to
treat and prevent osteoarthritis.
“Just like human athletes,” Delco

said, “horses are particularly prone
to injury-related arthritis. In human
athletes, the disease is often careerending. In our patients, it can be lifethreatening.”
While the prevalence of osteoarthritis
continues to rise, current drugs
target only the symptoms, not the
underlying disease itself. “Forget
preventing osteoarthritis,” she
said, “right now we don’t have a
single drug that even slows down
progression of the disease.”
In younger individuals and athletes,
arthritis typically develops following
joint trauma. But how injury to the
cartilage surface is translated into
an ongoing degenerative process
has been unclear. Delco believes
mitochondria, the “battery pack”
of the cell, are key mediators of this
injury-to-disease cascade, but there
was no direct evidence for that role.
Now, Delco and colleagues in
biomedical engineering and physics
have found that mitochondria are a
linchpin in the body’s response to
injury. They’ve also found a drug that
can interrupt the injury response.

That drug, SS-31, was developed
by Hazel Szeto, M.D. ’77, Ph.D. ’77,
former professor of pharmacology
at Weill Cornell Medicine and a coauthor of the paper. SS-31 is known to
protect and heal mitochondria in other
parts of the body.
Delco and her CVM colleagues
were the first to explore its effects in
cartilage, and revealed in an earlier
study that SS-31 helped protect injured
chondrocytes days after an injury.
Delco wanted to further understand
how mitochondria respond to injury,
and how SS-31 might protect cells.
“Since osteoarthritis is caused by both
biological and mechanical factors,”
she said, “we need to evaluate them
simultaneously to understand what is
happening during injury.”
To do this, the team developed a novel
experimental setup, one that allowed
them to observe and compare huge
numbers of cartilage cells and their
mitochondria during and immediately
after injury.
“Typically, to study mitochondria,
researchers crush up the tissue
and isolate the cells or individual
mitochondria,” Delco said. “But to
study the effects of tissue injury, we
needed to monitor mitochondrial
function in cells within the dense
cartilage matrix during a rapid
impact. We also had to track the fate
of thousands of individual cells over
time.”

Left, Delco attends a horse at the Cornell
Equine Hospital. Photo by the College of
Veterinary Medicine.
2

samples, mitochondrial dysfunction
is immediate after injury,” Delco said.
“The organelles are responding to
the mechanical forces of the impact.
They become depolarized — like a
discharged battery, they can no longer
drive energy production. They also
become swollen and lose their tightly
folded inner membrane structure.”
In contrast, the mitochondria in SS31-treated cartilage maintained their
normal, healthy form; dramatically
fewer cells died compared with the
control samples. “Treated samples
looked very similar to those that
hadn’t been injured at all,” Delco said.

To do this, Delco used a custommade, spring-loaded piston that
was developed with Dr. Lawrence
Bonassar, the Daljit S. and Elaine
Sarkaria Professor in Biomedical
Engineering, and Dr. Itai Cohen,
professor of physics in the College
of Arts and Sciences. The device,
designed to sit on a confocal
microscope stage, delivers a single,
high-speed impact to cartilage
samples. To visualize the physiological
effect of injury on cells and their
mitochondria, the team used special
dyes that indicate if mitochondria are
healthy or dysfunctional, and if cells
are alive or dead.
Next, the team needed to observe the
real-time effects of injury on cartilage
— which presented an experimental
challenge. “We needed to collect data
at rates of roughly 1,000 points per
second and with micron-scale spatial
resolution,” Delco said.
Delco and her collaborators captured
and analyzed these myriad digital
images and videos during impact
with the help of Lena Bartell, M.S. ’15,
Ph.D. ’18, a former member of Cohen’s
lab and first author on the paper.
“Lena’s expertise in image analysis,

statistical modeling and machine
learning was instrumental in this
study,” Delco said. “That’s the
power of our collaboration — every
contributor to this study brought
a completely different skill set and
perspective. Together, we got new
insights into these very early events
that initiate disease.”
Cohen seconded this view. “That’s the
whole point of radical collaboration,”
he said. “It takes the expertise that
ranges across the campus and brings it
together to do something that neither
group could do on their own.”

While SS-31’s mechanism of action
is not completely known, scientists
do know that the peptide enables
mitochondria to maintain membrane
structure and function during various
types of cellular injury — referred to
as “mitoprotection.”
“Our finding that SS-31 has this
protective effect after mechanical
injury is exciting,” says Delco. “It
suggests mitoprotection may be a new
strategy for preventing arthritis after
joint trauma.”
Lisa Fortier, Ph.D. ’99, the James Law
Professor of Large Animal Surgery,
also contributed to this work.

Using their newly developed injuryimaging system, the experiment
yielded insights into the fate of
individual cells during impact.
“We discovered that in control
Above: Delco and her team imaged
cartilage cells with fluorescent dye
that would tell them if a cell was alive
with functioning mitochondria (red),
dysfunctional mitochondria (green) or
dead (blue) before and after being injured
with a spring-loaded piston. Image
provided. Right, Delco in the lab. Photo by
the College of Veterinary Medicine.
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College clinicians garner Grayson-Jockey Club grants
From Grayson-Jockey Club online
Two Cornell veterinary researchers
have received grants from the
Grayson-Jockey Club to further equine
health.
Soon Hon Cheong, Ph.D. ’12, associate
professor of reproductive medicine,
will be developing a diagnostic test
that can improve treatment outcomes
of fungal infection in horses. Fungal
infections in horses can cause major
health concerns and are difficult and
expensive to treat.
“Right now, there can be long lagtimes for veterinarians to get results
from fungal culture and antifungal
susceptibility testing,” says Cheong.
“This delay forces veterinarians to
guess which treatment to start with
while waiting for results, and even
discourages veterinarians from
submitting the sample at all. Making
the wrong antifungal treatment can
lead to worsening of the disease,
antifungal resistance, high treatment
costs and can erode trust between the
owner and the veterinarian,” he notes.
Adding to the issue is the lack of
available information to help guide
veterinarians in their treatment
selection.
Cheong seeks to change this issue
through his grant work, which will
leverage a specific type of polymerase
chain reaction (PCR) test that can
detect and identify fungal organisms.
Up until now, this type of test has not
been proven to work on fresh samples
or in horses.
“We propose to first test this assay
on the supposedly clean uterine
samples of horses that are collected
using sterile technique and compare
the results to the conventional fungal
culture method,” says Cheong. “We
4 believe that the development of this
4

test will be an invaluable diagnostic
tool to improve the treatment of
uterine fungal infection in horses.”
Cheong also plans to gain a better
understanding of equine antifungal
resistance through this study. He
plans to gather fungal samples from
horses and to culture them in biofilm,
a complex mixture of secretions from
the fungal organisms that can help
protect them from antifungal drugs.
“We will save the fungal organisms
that are resistant to antifungal
drugs and determine if they have
genes known to provide antifungal
resistance. The hope is that these
genetic markers can be used to
develop rapid PCR diagnostic tests
in the future. We expect biofilm from
different fungal species will have
different antifungal drug susceptibility
and this information will be beneficial
to guide treatment decisions for fungal
infection in horses.”
“Our long-term goals are to develop
a rapid diagnostic test for fungal
infection in horses,” says Cheong.
“This should improve antifungal
susceptibility screening to help guide
clinician treatment selection for fungal
infections in horses.”
Heidi Reesink, Ph.D. ’16, the Harry M.
Zweig Assistant Professor in Equine
Health, will be determining the
prevalence of bisphosphonate use in
racehorses and whether the drugs are
associated with fatal breakdowns in
racing.
Fatal musculoskeletal injuries (FMI)
have plagued the racehorse industry,
causing tragic loss of equine life, risk
to jockeys and increasingly negative
public perception.
“While the cause of FMI is complex,
there is widespread concern that

recent clusters of fatalities may be
due, in part, to the approval of the
bisphosphonates clodronate (Osphos®)
and tiludronate (Tildren®) in 2014,”
says Reesink. “Speculation abounds
about whether bisphosphonate
administration in young racehorses
could be a contributing factor to recent
spates of FMI at prominent racetracks;
however, there is a paucity of evidence
to support or refute these claims.”
Bisphosphonates are known to interfere
with the normal remodeling process
of replacing old bone with new bone
and result in increased microfractures
in human bone. “There is concern that
these drugs might impair the normal
repair processes in equine bone during
race training,” says Reesink. “However,
this is an open question, and one that
the racing industry needs to answer.”
Currently, no data is available about
how common bisphosphonate
administration is in the young
Thoroughbred population. “We are
literally racing blind,” says Reesink.
“Often owners, trainers and racing
jurisdictions are unaware of whether
their horses have been treated with
bisphosphonates, how frequently and
how many doses they’ve received; and
if and how bisphosphonates places
horses at risk of injury.”
To help answer these questions,
Reesink will be estimating
how common bisphosphonate
administration is in the young,
exercising Thoroughbred racing
population in New York by gathering
bone samples from 182 horses
and conducting nuclear magnetic
resonance spectroscopy and small
molecule detection methods to detect
bisphosophonates in the bone tissue.
Reesink will also evaluate samples that
do contain bisphosphonate to see how
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Above: Cheong. Photo by the College of
Veterinary Medicine. Below: Reesink.
Photo by Elvina Yau, D.V.M. ’20/College
of Veterinary Medicine.
bone tissue of two- and three-yearold Thoroughbreds with racing and
training histories have been affected
by the drug.
Additionally, Reesink will study how a
single doses of bisphosphonate drugs
can show up in blood, urine, bone,
hair and hoof tissues using nuclear
magnetic resonance spectroscopy.
“Optimizing the way we measure
bisphosphonates will advance
the current state-of-art in racing
medication drug testing efforts,”
says Reesink. “Our ultimate goal
is to help racehorse veterinarians,
owners and trainers make informed
decisions about fracture risk while
improving equine welfare, mitigating
negative publicity and enhancing
our understanding of the impact of
bisphosphonates on bone remodeling
and fracture risk.”

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 racing 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 at Cornell University.

New Awards
$78,244 to Julia Felippe, Ph.D. ’02, for “Diagnostic markers in mares with
placentitis”
$76,782 to Dr. Kathleen Kelly for “Genomics of Autopsy–Negative Sudden
Cardiac Death in Racing Thoroughbreds”
$71,571 to Dr. Bettina Wagner for “Nasal immunity and its function in
preventing transmission of EHV-1 in immune horses”
$57,621 to Heidi Reesink, Ph.D. ’16, for “Unraveling lubricin signaling in
equine joint injury”
$55,768 to Michelle Delco ’98, D.V.M. ’02, Ph.D. ’16, for “The role of
mitochondrial Damage Associated Molecular Patterns (mDAMPs) in equine
joint injury and disease”
$49,552 to Dr. Gerlinde Van de Walle for “Studying the replication kinetics of
equine parvovirus hepatitis (EqPV-H)”
$7,000 to Dr. Douglas Antczak ’69 for “2020 Horse Genome Project Workshop
at Cornell”

Continuations
$99,643 to Jonathan Cheetham, Ph.D. ’08, for “Accelerating recovery after
Laryngeal Nerve Graft in Horses”
$83,921 to Heidi Reesink, Ph.D. ’16, for “Does Proximal Sesamoid Bone
Mineral Loss Lead to Increased Fracture Risk?”
$68,537 to Dr. Douglas Antczak ’69 for “Functional gene annotation in the
horse”
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New test predicts horse’s risk of contracting EHV-1 during
an outbreak
By Patricia Waldron

Despite widespread vaccination, outbreaks of the
potentially deadly equine herpesvirus 1 (EHV-1)
occur sporadically across the United States, triggering
apprehension and quarantines. Now, a new diagnostic
test can tell owners whether their horse will be at risk in
the event of an outbreak.
The test, developed by Dr. Bettina Wagner, chair of the
Department of Population Medicine and Diagnostic
Sciences at the Cornell University College of Veterinary
Medicine, is called the EHV-1 Risk Evaluation Assay, and
is available at the Animal Health Diagnostic Center. It
measures the level of a key antibody that protects against
the virus to let owners know a horse’s immediate risk.
Wagner is using this and similar tests to understand how
the horse immune system interacts with EHV-1 and to
develop better vaccines against the virus.
“We can take a serum sample and define if this horse
today is at high or low risk of EHV-1 infection,” said
Wagner. “It also provides guidance on when the horse
should next be vaccinated.”
Typically, EHV-1 causes a mild respiratory infection in
horses. It circulates by close nose-to-nose contact through
droplets and through contaminated surfaces or clothes.
Most horses are exposed to the virus before the age of
two and carry a dormant form that can re-emerge during
times of stress, making them perpetual carriers.
During an outbreak, however, about five to 10 percent
of sick horses develop a neurological form of the disease
called EHV-1 myeloencephalopathy. The virus travels via
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blood vessels into the spinal cord and causes strokes, which
manifest as a lack of coordination, weakness in the hind
limbs, lethargy and an inability to maintain balance. About
one-third of horses who develop the neurological form will
die from the disease.
New York saw four outbreaks of EHV-1 in 2019 alone.
Besides treating affected horses, the course of action is to
quarantine the facility and its horses for up to 28 days to
stop further spread of the disease, which can paralyze horse
movement, shows and sporting events.
Several licensed EHV-1 vaccines protect against the
respiratory infection and prevent pregnant mares from
experiencing abortions, but none exist that stop horses from
developing the neurological form of the disease. Also, there
are numerous cases where vaccinated horses still became
sick during an outbreak.
“One important thing is to note that not every horse
responds evenly to the vaccination,” said Wagner, who
sees this phenomenon in her own horses, Peaches and
Betty. While Peaches’ immune system reacts strongly to
the vaccine, Betty has a much weaker response, and needs
more frequent vaccination to maintain protection. “For some
horses, the vaccination interval of a year may be fine. For
others, six months may not be enough. The test is designed
to find that out,” said Wagner. A horse will always react
to the vaccine in the same way, so the testing only needs
to be performed once, before and after vaccination, for
veterinarians to optimize a horse’s vaccination schedule.
When Wagner started working with her Icelandic horses in

2020 HARRY M. ZWEIG MEMORIAL
FUND COMMITTEE
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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Saratoga Springs, NY
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New England Equine Practice
Patterson, NY

Above, Wagner with one of her Icelandic horses. Photo by the College of
Veterinary Medicine.

Janet Durso, D.V.M.
Middletown, NY

2012, the prevailing belief was that T cells — a type of white blood
cell that targets the virus as it enters the bloodstream — would be
the key to stopping the neurological form of the virus. But after
monitoring how the horses respond both to vaccination and to
exposure to the virus, Wagner realized that it wasn’t T cells, but a
specific type of antibody, called IGg4/7, in the lining of the nose
that can completely protect the horse.

Ann Dwyer, D.V.M.
Genesee Valley Equine Clinic, LLC
Sottsville, NY

“It turned out that if these IGg4/7 antibodies are in the nose of
the horse at the time of infection, they immediately deal with
the virus at the local infection site, and thereby prevent the virus
from entering the lymphatic tissues and white blood cells, so that
neurologic signs could not happen,” said Wagner. “We now can
use those antibody values to predict if the horse can be infected or
not with the EHV-1 Risk Evaluation Assay.”
Another related test currently under development in the Wagner
lab may help New York manage EHV-1 outbreaks more effectively.
The test detects biomarkers in the nose that indicate whether a
horse exposed to the virus is protected and thus can be released
early from quarantine. Thanks to a new grant from the Zweig
Memorial Fund, she also plans to investigate whether those horses
can pass the virus to susceptible horses, to ensure that they don’t
pose a risk to the greater population.
Additionally, Wagner has been testing different variations of the
EHV-1 vaccine to see if they stimulate a better immune response in
adult horses that would protect against the neurological form. She
is also working on vaccines for foals, whose immune systems are
less mature compared to adult horses.
“We’re going to find a vaccine at some point that helps against
neurologic disease in horses,” said Wagner. “But in the meantime,
a test like this can help evaluate risk, especially for horses that
travel a lot and are at risk of being infected.”
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Machine learning could be
inside track to preventing racing
breakdowns
By Lauren Cahoon Roberts
When Dr. Parminder Basran, associate research professor of
oncology, arrived at the Cornell University College of
Veterinary Medicine (CVM), he brought a totally new type of
expertise to the college. As a radiation physicist, Basran uses
artificial intelligence to analyze radiology images — a field
known as radiomics. Prior to Cornell, Basran used radiomics
to help human cancer patients. At CVM, he was eager to apply
his tool to new fields. “I had this hammer and was looking
for some new nails,” says Basran. “It’s really
important for me to apply my knowledge to
real clinical problems with practical applications.”
Now, Basran’s brand-new expertise has
launched a promising new technique
that could help prevent a serious issue in
racehorse health.

A new home for radiomics
Basran found his ‘nail’ after meeting and
talking with Heidi Reesink, Ph.D. ’16, large

animal surgeon and Harry M. Zweig Assistant Professor in
Equine Health, who is tackling a crucial problem in racehorses:
catastrophic breakdowns due to fractures in the sesamoid
bones of the fetlock. These fractures occur mostly in thoroughbred racehorses and commonly result in euthanasia. “In any
sport, there are going to be sporadic injuries and accidents, but
these catastrophic fractures are tragic and too common,” says
Reesink. “Significant research and regulatory efforts are being
dedicated to both understand and minimize these tragic injuries.”
As part of her previous research, Reesink captured hundreds
of microscopic CT scans (micro-CTs) of the sesamoid bones,
paired bones in the fetlock joints of horse cadavers. These
scans included those from horses that had suffered catastrophic fracture (the case samples), and scans from horses that
had died of other causes (the control samples). Reesink used
conventional software to decipher differences between the case
and control bones, finding that case samples had denser, narrower sesamoid bones within the fetlock.
Basran applied his radiomics algorithms to her images to see
what they might find. In radiomics, the software computes
hundreds of features from the images and then runs statistical
tests to see whether features in the case and control groups are
significantly different. “I was getting some really crazy, interesting results,” he says.
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Heidi Reesink,
Ph.D. ’16, large
animal surgeon and
Harry M. Zweig
Assistant Professor
in Equine Health.
Photo: Darcy Rose/
Cornell Vet

Finding the unseen
Basran and Reesink decided to investigate further, applying radiomics
to all micro-CTs Reesink had obtained in her previous research.
Basran’s artificial intelligence system was able to identify the same
differences that Reesink had previously identified — proving that
radiomics could reproduce the same results found by human-driven
analysis. However, what stood out most was “the sheer volume of differences that could be detected between cases and controls that were
not perceptible to the naked eye,” says Reesink.
The power of artificial intelligence picked up physiological qualities
that were invisible to human researchers.
“Humans can only see so many differences between cases and
controls,” says Basran. “The radiomics platform showed us many
more features that we hadn’t been seen before.”
Furthermore, these ‘invisible’ features were more significantly
different between case and control samples than the ones researchers could see. “It may be that those new differences have
more profound impacts on the horse’s overall bone health than
other known features,” says Basran.

Getting clinical
The next step for the project will attempt to translate the features
from the experimental realm to the clinical realm. “Micro-CT
scans have incredibly high resolution and can pick out microscopic features, but they cannot be performed in a clinical
setting,” says Reesink. “We now want to apply similar radiomics
approaches to clinical CT imaging.”

Zweig research fund pivots
during COVID-19 pandemic,
holds virtual seminar events
While the COVID-19 pandemic has changed many
things, the Harry M. Zweig Memorial Fund for
Equine Research has continued to maintain some
of its time-honored events.
The annual Zweig Trot, held on Aug. 21, was
broadcasted digitally this year and was preceded
by a special virtual seminar on equine health. Dr.
Elaine Claffey, former assistant clinical professor at
Cornell Ruffian Equine Specialists, gave a presentation titled “Upper airway function, dysfunction
and surgical solutions in horses.” Dr. Claffey’s
presentation can be accessed online at: vet.cornell.
edu/research/research-office/zweig-memorial-fund/
zweig-virtual-presentations.
The annual Zweig faculty and trainee presentations were also held virtually on Nov. 18. The
webinar featured the following four presentations:
•

“Mucosal immunity against equine herpesvirus type-1,” presented by Dr. Bettina Wagner,
professor and chair for the Department of
Population Medicine and Diagnostic Sciences.

•

“Equine hepatitis viruses: Where are we
now?” presented by Joy Tomlinson ‘06, D.V.M.
‘10, research associate in the Van de Walle Lab
at the Baker Institute for Animal Health.

•

“Agreement of stall-side and laboratory major
crossmatch tests with the reference standard
method in horses,” presented by Melissa Fenn,
D.V.M. ‘15, equine internal medicine specialist
at the Park Equine Hospital in Lexington, Kentucky (former large animal internal medicine
resident at the Cornell University Equine and
Nemo Farm Animal Hospital).

•

“Horse safety — multi-modal screening to
identify Thoroughbred racehorses at increased
risk for catastrophic injury of the fetlock joint,”
presented by John Pigott D.V.M. ’09, associate
clinical professor at Cornell Ruffian Equine
Specialists.

Clinical CTs capture images of living patients at lower resolutions. “We’re now trying to bridge this gap between the microscopic to the macroscopic level,” says Basran. To do this, the
researchers are comparing clinical bone scans with microscopic
bone scans to see if they can pick out the same visual features.
If they can find a reliable set of radiomic markers at the macroscopic level, Basran could then build a machine learning model
that, along with complimentary modalities, could catch the
warning signs of fracture risk in particular patients.
“The ultimate goal would be to identify rapid, inexpensive and,
ideally, patient-side tests to identify at-risk horses,” says Reesink.
“This would ultimately reduce fatalities and promote racehorse welfare.”
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While the practical applications of this work are still in the future, the technique represents a brave new world for veterinary
medicine. “This is really new to the veterinary community,” says
Reesink. “No one has used it to detect equine fractures before,
and this is just the first step. Cornell is positioned to be a leader
in this new frontier of diagnostics.” ■

The presentations can be accessed online at: vet.
cornell.edu/research/research-office/zweig-memorial-fund/zweig-virtual-presentations. ■

Pioneer of equine medicine awarded
the college’s highest alumni honor
By Melanie Greaver Cordova

The Cornell College of Veterinary
Medicine (CVM) has had its fair
share of luminaries — in everything
from basic scientific research to
clinical care and standout educators.
This year’s recipient of the college’s
highest alumni honor has pushed the
equine medical field forward in each
of these ways: John Lowe, D.V.M. ’59,
M.S. ’63.
Lowe, known as “Jack” by friends
and family, is the 34th recipient of the
prestigious award. “I had no expectations, of course, and no way of knowing I had been nominated,” he says.
“It’s been a wonderful surprise.”
The Daniel Elmer Salmon Award for
Distinguished Alumni Service honors veterinary graduates who have
distinguished themselves in service
to the profession, their communities
or to the college. It was established
by the CVM Alumni Association in
1986 and named in honor of Cornell’s
— and the country’s — first D.V.M.
graduate. Salmon is best remembered
for his pioneering work in controlling
contagious animal diseases in the
early 20th century, and the bacteria
salmonella was named in his honor.
“Jack has spent his entire professional career at the Cornell College of
Veterinary Medicine enthusiastically
contributing to the teaching, research
and service missions of the college
for many generations of veterinarians
and horse owners,” says Dr. Susan
Fubini, associate dean for academic
affairs and one of Lowe’s nominators.

Equine medicine marvel
Lowe first studied at Rutgers University for his bachelor’s in dairy science
before coming to Cornell, where he
earned a D.V.M. in 1959 and an M.S.
in veterinary pathology in 1963. He
went on to complete an internship
and residency in surgery at CVM
before becoming assistant professor
in 1963.

Among Lowe’s many notable roles was as director of the Cornell Equine Park for 13 years.
Photo: Cornell Vet

Since then, Lowe’s contributions
to veterinary medicine are countless. He developed many milestone
techniques still in use today. He
worked for over 20 years with Herbert Schryver, D.V.M. ’54, and Harold “Skip” Hintz, M.S. ’61, Ph.D. ’64,
who was inducted into the Equine
Research Hall of Fame in 1990. With
Schryver, Hintz and other collaborators, Lowe published many technical and research articles during his
prolific career. These include numerous publications on intestinal motility in horses and the association with
colic, the effect of hypothyroidism on
physiologic changes in mares, including pregnancy, and the confirmation
of black walnut toxicity as a cause
of laminitis.
“Jack has published landmark discoveries, and he was the go-to surgeon
for many owners of horses and farm
animals,” says Fubini.
Lowe has been a member of numerous veterinary associations, and

for most he also dedicated time as
either an executive board member or
president. Among these groups is the
American Horse Shows Association
(AHSA). He served on the AHSA’s
drug control committee for over 40
years, nine of which as chairman. In
this role he helped develop many of
the drug control policies for the horse
show industry. He also originated
and continues to work on the United
States Equestrian Federation Equine
Health Research Fund. His pioneering work has garnered him many
honors, including Horseperson of the
Year Award from the New York State
Horse Council.
Lowe’s commitment to animal health
was evidenced by this longstanding
involvement with the racing industry
and horse shows. “He was frequently
the veterinarian for many top hunter
jumper horse shows, providing emergency care and serving as an ambassador for the college,” says Fubini.
“Jack represented Cornell at some of
the largest events in the Northeast.”
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Leading by example
While at Cornell, Lowe taught
surgical techniques to veterinary students and house officers
who went on to be leaders in the
profession, both in practice and
academia. He initiated the large
animal survival surgery course
and was its solo instructor for five
years. He lectured in the large
animal surgery lab, the equine
course in animal science, was an
instructor in the necropsy room
and initiated the equine lameness
course, which he taught for 10
years, among many other extension teaching sessions and courses
at Cornell and around the state.
Among his many notable roles was
director of the Cornell Equine Park.
“With lots of help from many fine
people, I was lucky to develop the
park and its annex from the ground
up,” notes Lowe, who worked as director for 13 years.
The park originally started in 1974 as
a research facility for equine nutrition, drug testing, reproduction and
infectious disease. Its first herd of
horses came from a donor, who gifted
the college a stallion and 20 mares. “It
grew from there,” says Lowe. “People
continued to donate their horses. This
made the park a great place for equine
research and a great place for teaching, too.”
Park-based projects fundamentally
changed equine health and husbandry; groundbreaking nutritional
research conducted by Lowe and
his colleagues Schryver and Hintz
yielded vast improvements in equine
health and nutritional requirements
now used by the United States Department of Agriculture.
The Cornell Equine Park still flourishes today, housing teaching and
research animals and a respected
reproduction program with several
standing stallions and breeding and
foaling services. It is a critical resource for the medicine, surgery and
theriogenology sections of the Cornell University Hospital for Animals.
Many hands-on equine laboratories
take place there.
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Before Cornell, Lowe (far left) was in the 102nd New Jersey National Guard Cavalry
Mechanized Unit’s youth program until he graduated high school. Photo provided.

“Jack” of all trades
Although best known for his equine
work, Lowe’s expertise is versatile. He
pioneered techniques like the right
paramedian abomasopexy for left
displaced abomasum in dairy cattle, a
procedure adapted at Cornell and other
farm animal practices. “It is still in wide
use today,” noted Fubini, “which is a
testament to the impact Jack has had in
large animal surgery.”
After his retirement in 1991, upon
which he was granted emeritus status
by the college, Lowe continued to advance animal health in other capacities,
including his continued work as the
official veterinarian at horse shows and
routine work at his son and daughterin-law’s public stable. Notably, Lowe
was one of the American veterinarians
who assisted the United Kingdom during its foot and mouth disease crisis of
2001. He became a temporary member
of the Royal College of Veterinary Surgeons to assist with the outbreak, which
cost the country’s agriculture and
outdoor industries billions of dollars. In
recognition for this work, Lowe earned
the Group Honor Award for Excellence
from the United States Department of
Agriculture in 2002.

Persistence and a bit of luck
Lowe recalls his life as a student at
Cornell with fondness. He mentions
one subject in particular that was a
challenge for him: bacteriology. “It was
a very dry subject for me,” he says.
“Of course I tried to pay attention, but
sometimes I dozed off.” Luckily, Lowe
succeeded in the lab portion of the
course. “That really saved me from

getting into a heap of trouble!” Even
before he arrived at Cornell, Lowe had
a history of working with animals. He
was in the 102nd New Jersey National
Guard Cavalry Mechanized Unit’s
youth program, the Junior Essex Troop,
until he graduated high school, and
although he didn’t start out with much
love for horses, that time in his life
helped him grow into the veterinarian
he is today: “I went from being afraid
of riding horses to serving as squadron
major. I learned a lot about animals
that way, and a lot about leadership,”
he says.
Luck has played a large part in his life,
too. He advises students to make the
most of it when they can. “You can
push your way past bad luck, but if you
don’t take advantage of the good luck
that comes your way you won’t progress as you like,” he says. Most importantly, he says to students, “Never give
up. Never, ever give up! Persistence and
energy are extremely important. And it
doesn’t hurt to have common sense on
top of that.”

Funding the future
By educating veterinarians, future
veterinarians and horse owners across
the country, Lowe has inspired others in his dedication to animal health.
In fact, the Jack Lowe Equine Health
Fund, established in 1998, was created
by an anonymous client and friend of
Lowe who wanted to honor him and his
work. It was an endowed fund created
to benefit horses, and Lowe was given
direction to recommend projects for the
fund’s use, in consultation with members of the equine section of the college.

“The fund has supported a variety of
activities,” he says. “I’m gratified and
grateful for that.”
So far, it has raised considerable funds
for equipment at the Cornell Equine
and Nemo Farm Animal Hospitals,
and at Cornell Ruffian Equine Specialists — Cornell’s satellite hospital in
Elmont, New York. These include a
shock wave unit, dynamic endoscope,
stocks for working on draft horse feet,
a surgical trocar, regenerative laser,
a horse trailer, farrier shop items and
many more.
“This support is invaluable to so many
programs,” says Fubini.
The fund has also acted as a starter
grant for many equine research projects, including some that garnered
further funding from the National
Institutes of Health to investigate
important horse problems like equine
motor neuron disease.
“You have to know the animal. That is
crucial when you are making a diagnosis,” says Lowe.
Additionally, Lowe himself is involved
with several fundraising projects at
CVM that advance the animal health,
service and education missions of
the college.

Take-home truths
When Lowe was a student, the veterinary student body was primarily
comprised of men, but now women
make up most classes at CVM, at approximately 70%. Just as he has seen
this and other momentous changes in
veterinary medicine over his career,
Lowe says that there’s still much on
the horizon for the field at large.
“Some diseases have been in place for
a long time without adequate safety
nets. And viruses are adaptable,” he
says, noting the similarities between
veterinary and human medicine, and
how the fields will work together to
get through today’s challenges.
Even so, the biggest take-home truth
for veterinarians in our digital age is
deceptively simple, says Lowe. “Know
the animal,” he says. “You have to
know the animal. That is crucial when
you are making a diagnosis. An accurate physical diagnosis can save the

Photo: Cornell Vet

individual animal but it can also save
the owner thousands of dollars (even
if euthanasia is the conclusion).”
He’s not all business all the time,
however; Lowe spends much of his
personal time cooking, these days
on a smoker/slow cooker, which is
mounted on a trailer his son built for
him many years ago. The idea originated from D.J.’s Cowboy Barbeque,
which Lowe enjoyed while working at
the Erie County Fair and Horse Show.
It can smoke/slow cook two fresh turkeys, 10 pounds of boned prime rib,
one hind quarter of venison and one
loin of pork at the same time. He does

this each year for the Ithaca City Club
Annual Summer Picnic at Taughannock Falls State Park. Between 60-70
members and guests attend, though
not this year because of the coronavirus. He has a new “Oklahoma Joe’s”
smoker/cooker (high-tech as it is) at
home, which he has great fun using to
cook for family and friends. He is also
an avid hunter, fisherman and gardener.
Says Lowe, “I’m looking forward to
seeing what new changes the future
brings. Life is never dull, even at 85
years of age.” ■
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Q&A with Zweig Fund Alumnae
Dr. Amanda (Mandi) de Mestre

Amanda (Mandi) de Mestre, reader (associate professor) in Reproductive Immunology, The Royal Veterinary College, United Kingdom
Q: What Zweig-funded projects
did you work on while you
were at Cornell University, and
who was/were your PI(s) for
those projects?

In summer 2005, I worked
as a postdoctoral researcher
with Dr. Doug Antczak ‘69 at
the Baker Institute for Animal
Health on two projects. The
first project characterised
genes that regulate the development of the early equine
placenta. The second project
Dr. Mandi de Mestre.
investigated the mechaPhoto: provided
nisms that prevent pregnant
mares from making damaging immune responses against their fetuses. Both of these
projects relied on new information about the genome of the
horse that had been discovered in research supported by the
Zweig Fund.
Q: How did your Zweig-funded research shape or direct your
future research?

When I joined the Antczak laboratory, it held two Zweig
grants that supported the Horse Genome Project. As part of
these funding initiatives, I worked with Dr. Antczak and colleagues to identify key transcription factors that are expressed
in different compartments of the early equine placentae. We
also characterized the immune cells at the maternal-fetal interface, providing the first description of immunosuppressive
regulatory T cells at the site of the placenta.
Working in a world-leading laboratory alongside one of the
best in the field and supported by a great breadth of excellent
scientists provided a perfect foundation to move to the next
phase of my career. My first major grant from the Wellcome
Trust as a newly appointed faculty member at the Royal
Veterinary College was a direct follow up of my work with Dr.
Antczak on the characterisation of transcription factors in the
early equine placenta.
In a wider context, my research at Cornell influences much of
what we do today. Our current work is more and more moving towards the genetic basis of reproductive pathologies so
we are regularly accessing key genome resources and molecular tools developed as part of the Horse Genome project.
Finally, at Cornell there were many examples of veterinary
scientists who were successful at securing grants from the
U.S. National Institutes of Health for their research on diseases of domestic animals. Support from the Zweig Fund for
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pilot projects has led to many such successes. This is a model
I have tried to follow in my own research and remain very
grateful to Zweig for supporting equine research at Cornell
and providing me with the chance to be part of it.
Q: Are there any stand-out memories from your time doing
research at Cornell?

There are many, but certainly one that comes straight to mind
is the summer of 2006 when sequencing of the Horse Genome
was initiated using blood from a mare in Dr. Antczak’s herd.
This moment marked a significant change in equine research.
With the whole genome sequence at our fingertips, we could
suddenly start to interrogate equine diseases like never before.
The other thing that stands out is the energy of research at
Cornell, which I found infectious! The excellent facilities were
only exceeded by the talented scientists I met and worked
with, all inspiring from the junior level right up to senior PIs
such as Dr. Antczak.
Q: What is your current position, and what research are you
working on?

I am a reader in reproductive immunology (equivalent of associate professor in the US) and head of the Equine Pregnancy
Laboratory at the Royal Veterinary College. Our goal is to
further understand the mechanisms that regulate the growth
and survival of the equine embryo/fetus through studies of
both normal and failing pregnancies. Ultimately, we hope to
use these discoveries to improve equine reproductive health,
efficiency and welfare.
Q: What advice would you give to young academics doing
equine research these days?

Everyone’s journey is unique, but three things jump out that
I have found personally valuable in my career in academic
research. Firstly, I have been incredibly lucky to have some
wonderful and supportive mentors starting from my early
academic career and people I still go to for advice and counsel
today. In my experience, mentors both internal and external
to your institution can bring important differing perspectives.
Secondly, I am a believer that for your research to thrive, your
job as a PI is to commit time providing the best environment
for those around you to shine. I was lucky enough to work
with people during my training who took this approach and I
really enjoy having the opportunity to pay it forward. Finally,
always keep in touch with your stakeholders. I learnt this
from my time in Dr Antczak’s lab at Cornell and continue to
find it instrumental to how we think about our work and the
direction it follows. Oh, I nearly forgot, also remember to have
fun, isn’t that why we all do research?! ■

2020 HARRY M. ZWEIG
MEMORIAL FUND
COMMITTEE

Ashlee Watts, Ph.D. ‘12

Ashlee Watts, Ph.D. ’12, associate professor of equine orthopedics at Texas
A&M University, the Linda and Dennis H. Clark ’68 Endowed Chair of
Equine Clinical Studies
Q: What Zweig-funded projects did you work on
while you were at Cornell University, and who
was/were your PI(s) for those projects?

• Targeted stem cell delivery for pro-inflammatory cytokine suppression in OA joints; PI:
Dr. Alan Nixon
• Targeting platelets as a new treatment strategy for endotoxemia; PI: Dr. Thomas Divers
• Indices of intra-abdominal fibrinolysis in
colic foals: pathogenesis and prognosis; PI: Dr.
Susan Fubini
Ashlee Watts, Ph.D. ‘12.
Photo: provided

Q: How did your Zweig-funded research shape
or direct your future research?

Horses are amazing. They make us better humans in every capacity. Zweig’s focus on the horse through funding equine
research projects, funding equine research training and promoting all
things horse is a large part of why Cornell is such a powerhouse in equine
veterinary medicine.
Q: Are there any stand-out memories from your time doing research at Cornell?

Cornell is amazing and every day I am grateful that somehow I ended up
there. To pick one memory about my time doing research at Cornell is impossible! Overall, I remember feeling inspired, excited, frustrated… research
is hard and not for the faint of heart. But the feeling after answering a research question that impacts clinical decision making in some positive way,
making horses’ lives better, is incredible. I learned that at Cornell. I would
not have had the repeated opportunities to learn that lesson (and I needed
the repetition!) without Zweig.
Q: What is your current position, and what
research are you working on?

Photo: provided

Broadly, we are working on regenerative medicine approaches in orthopedics. Our current
focus is to better understand MSC therapy
including non-self-recognition, laboratory
preparation techniques and mechanisms of
improved repair. We also have a randomized
clinical trial funded by the AQHA Foundation that is enrolling patients for MSC therapy
in osteoarthritis.

Q: What advice would you give to young academics doing equine research
these days?

It is amazing how much understanding one seemingly tiny thing to the
‘nth’ degree affects your understanding of everything. Be curious, ask why –
about everything – but focus! ■

The Harry M. Zweig Committee
is established for the purpose of
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of individuals in specified state agencies
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trainers and veterinarians.
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Laura Javsicas, V.M.D.
Rhinebeck Equine LLP
Rhinebeck, NY
Richard Schosberg
Muttontown, NY
Robert Tugel, D.V.M.
Farmington Equine, P.C.
Avon, NY
Lorin D. Warnick, D.V.M., Ph.D.
Austin O. Hooey Dean of
Veterinary Medicine
Cornell University College of
Veterinary Medicine
Ithaca, NY
Patricia Wehle
Pittsford, NY
Robert Williams
New York State Gaming Commission
Schenectady, NY
William Wilmot, D.V.M.
NYS Thoroughbred Breeding &
Development Fund Corporation
Saratoga Springs, NY
M. Kelly Young
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Development Fund
Schenectady, NY
Brian Zweig
Rensselaer, NY
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New Zweig Committee
Member Spotlight:
Richard Schosberg ‘84

Richard Schosberg ‘84, born in White
Plains, New York, was introduced to
horse racing by his parents, Jane and
Paul, who own Pine Lane Farm in
Westchester County.
Schosberg graduated from Cornell
University in 1984 with a degree in
applied economics concentrating on
animal science and equine studies.
After working with show horses and
at the Middleburg Training Center
in Virginia, he returned to New York
and served as assistant trainer to Sid
Watters Jr. and Tom Skiffington before

Visit us online
bit.ly/zweigfundcornell

Richard Schosberg. Photo provided.

going out on his own in 1988. He won
with his very first starter, Three Chopt
Road, at Belmont Park that September.
The conditioner of champion Maria’s
Mon and multiple Grade I winner Affirmed Success, he limits his stable to
20 to 30 horses, and races exclusively
in New York.

Schosberg served his first term on the
NYTHA Board starting in 2011 and
was re-elected to a second term in
2014. He is the Chair of the Aftercare
Committee, and currently the Chair
on the backstretch safety committee as
well as the bylaws committee. In 2019,
he was nominated and confirmed to
the board of the Thoroughbred Aftercare Alliance.
He currently serves as President of the
Take2/Take The Lead Thoroughbred
Retirement Program (www.take2tbreds.com) which finds new homes for
the horses retiring from NYRA tracks.
Schosberg joined the Zweig Committee in 2020. ■

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. Please
encourage other equine enthusiasts to visit the site.
Update your subscription at bit.ly/zweigsubscribe.
Cornell University is an equal-opportunity, affirmative-action educator and employer.
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