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BACKGROUND AND RATIONALE
Background:

The equine industry is constantly in the public eye. Sudden death of race horses during exercise raises animal welfare concerns and paints the

industry in a negative light.

12% of racing fatalities between 2000 and 2009 were attributed to sudden death in the UK (256 out of 1981 deaths) and 9% in California (58

out of 659 deaths). (4)

Despite undergoing post-mortem examinations, a substantial number of equine sudden death cases (47-69%) a definitive cause of death is not

identified (5)

Heart failure associated with a fatal arrhythmia is suspected in many of these cases, however there is a lack of definitive evidence to support

this presumption. 

Rationale:

Due to the lack of gross lesions on necropsy in many of these cases and the correlation between microscopic lesions and cardiac pathology in

other species (9), it was logical to investigate microscopic changes to the cardiac extracellular matrix of these horses.

These changes include levels of fibrosis and expression of the extracellular matrix proteins Tenascin - C and Osteopontin.

Tenascin-C and Osteopontin:

Both Tenascin-C and Osteopontin are large matricellular proteins that help make up the extracellular matrix of the heart

 Investigating these two specific proteins will help understand the pathogenesis in cardiac sudden events in equine patients?

Tenascin-C:

Upregulated during inflammation

Marker of acute injury (8)

Osteopontin:

Upregulated during fibrosis/cellular repair

Marker for chronic injury/repair (6)
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HYPOTHESES AND AIMS
Hypotheses:

1. Horses that succumb to heart failure have evidence of remodeling in the myocardium. This remodeling will include increased fibrosis and

accumulation of matricellular proteins associated with remodeling of the extracellular matrix (Tenascin-C and Osteopontin).

2. Race-horses that experience exercise associated sudden death have evidence of remodeling in the myocardium. This remodeling will include

increased fibrosis and accumulation of matricellular proteins associated with remodeling of the extracellular matrix (Tenascin-C and

Osteopontin).

Aims:

1. Evaluate the expression of the matricuellular prtoeins Teenascin-C and Osteopontin in the cardiac etracellular matrix of cases compared to

controls

2. Quantify the degreee of fibrosis present in the cardiac extracellular matrix of cases compared to controls
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METHODS
Hypothesis 1 - Cardiac Remodeling in Heart Failure:

The study population included 4 Thoroughbreds and  6 Quarterhorses as well as 2 Paint horses. The 6 cases succumbed to heart failure and the 6 controls

succumbed to non-cardiac related disease. All cases and their matching controls were within one year of each other in age and of the same breed. All

individuals were between 7 months and 11 years with a mean age of 8.7 years

Cardiac samples were selected retrospectively from avaialble paraffin sections. Available samples were taken from multiple locations within the heart,

including both the left and right atrium as well as the left and right ventricle.

Hypothesis 2 - Cardiac Remodeling in Sudden Death Cases:

The study population included 12 thoroughbreds, 6 cases that succumbed to exercise associated sudden death and 6 cases that succumbed to catastrophic

musculoskeletal injury on the race-track. Exercise associated sudden death is defined as sudden death within 60 minutes of exercise with no previously

noted clinical signs and inconclusive post-mortem findings.

Samples were collected from the left atrium of equines that had died suddenly on the race track during exercise associated sudden death as described by

Diab et al. (1). (Figure 1)

Figure 1

Protein Expression Methods:

Immunohistochemistry staining was utilized to evaluate the expression of Tenascin-C and Osteopontin in the myocardium.

The histology slides were deparrafinized and treated with a general IHC protocol

Tenascin: Human/Mouse Tenascin-C Antibody with a 1:50 dilution and detected with anti h/m Tenascin-C purified rat monoclonal IgG

(R&D Systems Clone #578)

Osteopontin: OPN (AKm2AA1): sc-21742 and detected with OPN (AKm2A1) mouse monoclonal IgG

Fibrosis Quantitation:

Masson's Trichrome stained slides were used to evaluate the quantity of fibrosis present in the myocardium

The quantitation of fibrosis using image analysis software (Matlab) is ongoing

In order to evalaute the protein expression within the myocardium as well as image the Masson's Trichrome slides, the stained slides were imaged using

a Nikon Eclipse E600 Microscope and a Nikon DS Fi2 Camera as well as the NIS Elements Software
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RESULTS: CARDIAC REMODELING IN HEART FAILURE
CASES
Hypothesis 1 - Cardiac Remodeling in Heart Failure:

Increased Tenascin-C Expression in the myocardium of Heart Failure Cases compared to age and breed matched controls

Tenascin-C Expression is much higher in the heart failure cases compared to the controls 

Osteopontin results pending

Case:

Control:

Increased levels of firbosis in the myocardium of Heart Failure Cases compared to age and breed matched controls

The quantity of fibrotic tissue is much greater in the heart failure cases when compared to the controls

Case:

Control:
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RESULTS: CARDIAC REMODELING IN SUDDEN DEATH
CASES

Preliminary Data:

Preliminary evaluation of cardiac histology from horses experiencing exercise associated sudden death (n=24) compared to controls experiencing

musculoskeletal breakdown at the race-track (n=27). Revealed an increased prevalence of non-inflammatory myofiber injury (P=0.03, Fisher’s Exact

Test) in horses experiencing sudden death (16/24) compared to controls (9/27). Myofiber injury was most frequently observed in the left atrial appendage

of sudden death horses (10/24) and never in the left atrial appendage of controls.

Hypothesis 2 - Cardiac Remodeling in Sudden Death Cases:

Evaluation of Tenascin-C and Osteopontin expression as well as fibrosis qunatitation in the race-horse population is ongoing. We hypothesize that similar

increases in Tenascin-C expression and quantity of fibrosis will also be observed in the race-horse population.
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SIGNIFICANCE AND FUTURE RESEARCH
Significance:

The microscopic changes to the myocardium found in this study are the first steps to learning more regarding the pathogenesis of cardiac

disease in horses.

The data collected and evaluated in the course of this study will help determine the course of and chronicity of cardiac disease in equine

patients.

When the pathogenesis of these sudden cardiac events is better understood it is our hope that in the future, this information will direct treatment

and diagnostic development pre-mortem.

Future Research:

Finish staining (immunohistochemistry) and imaging for protein expression and fibrosis quantitation

Broaden the population

The more individuals that are a part of the study and the more data that can be analyzed, the greater the statisitical significance of the

results will be

Protein and RNA qunatitation using Western Blot and PCR

Will require fresh tissue samples
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ABSTRACT
Cardiac remodeling and its potential role in arrhythmogenesis contributing to sudden death is poorly understood
in the horse. Histologic changes and changes in myocardial extracellular matrix are associated with heart failure
and arrhythmogenesis in other species. This study aims to characterize changes to the myocardium in horses with
cardiac diseases. It was hypothesized that horses that die of congestive heart failure and race-horses that
experience exercise associated sudden death have evidence of remodeling in the myocardium compared to horses
that died without evidence of cardiac disease. Evaluation of cardiac remodeling included histologic evaluation of
the myocardium and specific staining for fibrosis and expression of matricellular proteins Tenascin C and
Osteopontin. Remodeling was evaluated in histologic sections of myocardium from horses with heart failure (6)
and age matched controls (6).  Fibrosis was evaluated with Mason’s Trichome staining. Matricellular protein
expression was evaluated with immunohistochemistry. Slides were evaluated both subjectively and objectively
with automated image analysis (Matlab). Horses with cardiac disease showed increased regions of fibrosis and
differential expression of matricellular protein tenascin C. These findings support the hypothesis that myocardial
remodeling is associated with equine cardiac disease. Increased understanding of the role of remodeling in
arrhythmogenesis make this a potential therapeutic target to reduce the incidence of sudden cardiac death in
horses.
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