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LEITE, R. O. Avaliacao das variantes nos genes ENTPD1 (A290G, A291T
e G338A) e ENTPD2 (G464A) em equinos atletas com hemorragia
pulmonar induzida por exercicio. Botucatu — SP, 2022. 83p. Tese
(Doutorado) — Universidade Estadual Paulista, Faculdade de Medicina
Veterinaria e Zootecnia, Campus de Botucatu.

RESUMO

A hemorragia pulmonar induzida por exercicio (HPIE) é caracterizada pela
presenca de sangue dos pulmdes na arvore traqueobrénquica apos exercicio
intenso que acomete cavalos atletas. Apesar da alta prevaléncia de HPIE em
equinos, a etiologia primaria permanece desconhecida. Estudos sugerem uma
possivel causa genética, porém o papel de mutacdes em genes relacionados a
funcbes hemostaticas que podem estar envolvidos nesta doenca €
desconhecido. O objetivo deste estudo foi investigar a associacdo entre EIPH e
mutacdes nos genes ENTPD1 (RefSeq: XM_001500628.6) e ENTPD2 (RefSeq:
XM_023629424.1), que codificam as enzimas CD39 e CD39L1,
respectivamente. Para tanto, foram genotipados cavalos puro-sangue (n=66)
diagnosticados com HPIE por traqueobroncoendoscopia € um grupo controle
composto por 56 puro-sangue sem sinais clinicos de HPIE por
traqueobroncoendoscopia. Em relacdo as mutacdes presentes no gene
ENTPD1, a porcentagem de gendtipos para a mutacdo g.290A>G no grupo
controle foi de 66,1% (37/56) homozigotos e 28,6% (16/56) heterozigotos.
Considerando que, 56,6% (43/76) dos cavalos no grupo HPIE eram
homozigotos, 39,5% (31/76) heterozigotos. 100% (56/56) dos cavalos no grupo
de controle eram do tipo selvagem para a mutacédo g.291A>T. Da mesma forma,
96,1% (74/76) dos cavalos EIPH eram do tipo selvagem para esta mutacéo.
Enquanto isso, para a mutagcdo g.464G>A no gene ENTPD2, os resultados
mostraram que 15,6% (7/45) eram heterozigotos, e nenhum animal homozigoto
foi encontrado neste grupo. No grupo HPIE, havia 1,5% (1/68) de homozigotos
e 23,5% (16/58) de heterozigotos. Ndo houve diferenca estatistica entre os
grupos. Os resultados deste estudo indicam que ndo ha associagao entre essas

mutacdes e HPIE na raga estudada.

Palavras-chave: doenca genética, epistaxe, HPIE, hemostasia.



LEITE, R. O. Evaluation of variants in the ENTPD1 (A290G, A291T and
G338A) and ENTPD2 (G464A) genes in athletic horses with exercise-
induced pulmonary hemorrhage. Botucatu — SP, 2022. 83p. Tese
(Doutorado) — Universidade Estadual Paulista, Faculdade de Medicina
Veterinaria e Zootecnia, Campus de Botucatu.

ABSTRACT

Exercise-induced pulmonary hemorrhage (EIPH) is characterized by the
presence of blood from the lungs in the tracheobronchial tree after intense
exercise that affects athletic horses. Despite the high prevalence of EIPH in
horses, the primary etiology remains unknown. Studies suggest a possible
genetic cause, however the role of mutations in genes related to hemostatic
functions that may be involved in this disease is unknown. The aim of this study
was to investigate the association between EIPH and mutations in the genes
ENTPD1 (RefSeq: XM_001500628.6) and ENTPD2 (RefSeq:
XM_023629424.1), encoding CD39 and CD39L1 enzymes, respectivaly. For this
purpose, Thoroughbred horses (n=66) diagnosed with EIPH by
tracheobronchoendoscopy were genotyped and a control group composed by 56
Thoroughtbreds without clinical signs of EIPH by tracheobronchoendoscopy were
genotyped. Regarding mutations present in the ENTPD1 gene, the percentage of
genotypes for the g.290A>G mutation at control group was 66.1% (37/56)
homozygotes and 28.6% (16/56) heterozygotes. Whereas, 56.6% (43/76) of
horses in EIPH group were homozygotes, 39.5% (31/76) heterozygotes. 100%
(56/56) of horses in control group were wild type for g.291A>T mutation. Similarly,
96.1% (74/76) of EIPH horses were wild type for this mutation. Meanwhile, for the
0.464G>A mutation at ENTPD2 gene, the results showed that 15.6% (7/45) were
heterozygous, and no homozygous animals were found in this group. In theHPIE
group, there was 1.5% (1/68) of homozygotes and 23.5% (16/58) of
heterozygotes. There was no statistical difference between groups for any of the
mutations. The results of this study lead to a lack of association between these
mutations and EIPH in the studied breed.

Key-words: epistaxis, genetic disease, EIPH, hemostasis.
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7. CONSIDERACOES FINAIS

As mutacdes descritas nos genes codificantes das enzimas CD39 e
CD39L1 estdo presentes na populacdo estudada em alta prevaléncia. Uma
possivel predisposic¢ao racial pode estar presente, no entanto, nao foi encontrada
associacdo entre a ocorréncia da HPIE e a presenca destas alteracbes nos
genes ENTPD1 e ENTPD2 em cavalos PSl e QM.



39

REFERENCIAS

BAYLY, W. Exercise-Induced Pulmonary Hemorrhage - An Occupational Hazard
of High-Speed Exercise. American Association of Equine Practitioners, v. 30,
p.31, 2021.

BIRKS, E.K.; SHULER, K.M.; SOMA, L.R.; MARTIN, B.B.; MARCONATO, L.;
DEL PIERO, F.; TELEIS, D.C. SCHAR, D.; HESSINGER, A.E.; UBOH, C.E.
EIPH: postrace endoscopic evaluation of Standardbreds and Thoroughbreds.
Equine Exercise Physiology, v.34, p.375-378, 2002.

BLOTT, S.; CUNNINGHAM, H.; MALKOWSKI, L.; BROWN, A.; RAUCH,C. A
Mechanogenetic Model of Exercise-Induced Pulmonary Haemorrhage in the
Thoroughbred Horse. Genes, v. 10, 2010.

BOUDREAUX, M.K.; KOEHLER, J.; HABECKER, P.L.; DEL PIERO, F.
Evaluation of the genes encoding CD39/NTPDase-1 and CD39L1/NTDDase-2 in
horses with and without abnormal hemorrhage and in horses with pathologic
evidence of ecercise-induced pulmonary hemorrhage. Veterinary Clinical
Pathology, v.44, n.4, p. 617-625, 2015.

BOURS M.J; SWENNEN, E.L.; Di VIRGILIO, F.; CRONSTEIN, B.N.; DAGNELIE,
P.C. Adenosine 5- triphosphate and adenosine as endogenous signaling
molecules in immunity and inflammation. Pharmacology Therapy, v.112, n.2,
p.358-4-4, 2006.

BOWER, M. A.; McGIVNEY, B.A.;, CAMPANA, M.G.; JINGIJING, G,
ANDERSON, L. S.; BARRET, E.; DAVIS, C.R.; MIKKO, S.; STOCK,, F;
VORONKOVA, V.; BRADLEY, G.; FAHEY, A.G.; LINDGREN, G.; McHUGH,
D.E.; SULIMOVA, G.; HILL, E.W. The genetic origin and history of speed in the

Thoroughbred racehorse. Nature communications, v. 3, 2012.

BREWER, K.; FENGER, C.; TOBIN, T. The Benefits of Lasix for Exercise-
Induced Pulmonary Hemorrhage: 50 Years of Science and Clinical Experience.
The Horsemen's Journal, v. 66, no. 4, p. 43-46, 2019.



40

CARDWELL, J. M., CHRISTLEY, R. M., GERBER, V., MALIKIDES, N., WOOD,
J. L. N., NEWTON, J. R., & HODGSON, J. L. What's in a name? Inflammatory
airway disease in racehorses in training. Equine Veterinary Journal, v.43, n.6,
p. 756-758, 2011.

CASEY, A. K.; McDONOUGH, P.; FENTON, G.; POOLE, D.C.; ERICKSON, H.H.
Efficacy of nasal strip and furosemide in mitigating EIPH in Thoroughbred horses.
Journal of Applied Physiology, v. 91, p.1396-1400, 2001.

COSGROVE, E. J.; SADEGHI, R.; SCHLAMP, F.; HOLL, H. M.; MORADI-
SHAHRBABAK, M.; MIRAEI-ASHTIANI, S. R.; BROOKS, S. A. Genome diversity
and the origin of the Arabian horse. Scientific Reports, v.10, n.1, p.1-13, 2020.

CRISPE, E. L.; LESTER, G. D. Exercise-induced Pulmonary Hemorrhage Is It
Important and Can It Be Prevented? Veterinary Clinics Equine, v.35, p.339-
350, 2019.

CRISPE, E.J.; LESTER, G.D.; SECOMBE, C.J.; PERERA, D. I. The association
between exercise-induced pulmonary haemorrhage and race-day performance in
Thoroughbred racehorses. Equine Veterinary Journal, v. 49, p. 584-589, 2017.

CUNNINGHAM, E.P.; DOOLEY, J.J.; SPLAN, R.K.; BRADLEY, D.G.
Microsatellite diversity, pedigree relatedness and the contributions of founder
lineages to thoroughbred horses. International Society for Animal Genetics
Animal Genetics, v.32, p. 360-364, 2001.

DALGREN, A,R,; TABLIN, F.; FINNO, C.J. Genetics of Equine Bleeding
Disorders. Equine Veterinary Journal, v.53, p.30-37, 2021.

DE GIORGI, M.; ENJYOJI, K.; JIANG, G.; CSIZMADIA, E.; MITSUHASHI, S.;
GUMINA, R. J.; ROBSON, S. C; Complete deletion of Cd39 is atheroprotective
in apolipoprotein E-deficient mice. Journal of Lipid Research, v.58, n.7, p.1292-
1305, 2017.



41

DENHAM, J.; McCLUSKEY, M.; DENHAM, M. M.; SELLAMI, M. Epigenetic
control of exercise adaptations in the equine athlete: Current evidence and future

directions. Equine Veterinary Journal, v. 53, p-431-450.

ECKLE, T.; GRENZ, A.; LAUCHER, S.; ELTZSCHIG, H. K. A2B adenosine
receptor signaling attenuates acute lung injury by enhancing alveolar fluid
clearance in mice. The Journal Of Clinical Investigation, v.118,n.10, p.3301-
3315, 2008.

ENJYOJI, K.; SEVIGNY, J.; LIN, Y. Targeted disruption of cd39/ATP
diphosphohydrolase results in disordered hemostasis andthromboregulation.
Nature Medicine, v.5, p.1010-1017, 1999.

GERBER, V. Genetics of Equine Respiratory Disease. Veterinary Clinics
Equiine, v.36, p.243-253, 2020.

GOETZ, T.E.; MANOHAR, M.; HASSAN, A.S. Nasal strips do not affect
pulmonary gas exchange, anaerobic metabolism, or EIPH in exercising
Thoroughbreds. Journal of Applied Physiology, v.90, p.2378-85, 2001.

GOLD, J. R.; KNOWLES, D. P.; COFFEY, T.; BAYLY, W.M. Exercise-induced
pulmonary hemorrhage in barrel racing horses in the Pacific Northwest region of
the United States. Journal of Veterinary Internal Medicine, v. 32, p. 839-845,
2018.

HILLIDGE, C.J.; LANE, T.J.; WITHLOCK, T.W. Exercise-induced pulmonary
hemorrhage in the racing appaloosa horse. Journal of Equine Veterinary
Science, v. 5, n.6, p. 351-353, 1985.

HINCHCLIFF, K. & GEOR, R. The Horse as an Athlete: A Physiological
Overview. Equine Exercise Physiology: the Science of Exercise in the Athletic
Horse. 12 ed. Saunders/Elsevier, 2008.

HINCHCLIFF, K. W. EIPH AND PERFORMANCE. In: Proceedings of a
Workshop. p. 8. 2008.



42

HINCHCLIFF, K.W.; COUETIL, L.L.; MORLEY, P.S. et al. Exercise induced
pulmonary hemorrhage in horse: American college of veterinary internal medicine
consensus statement. Journal of Veterinary Internal Medicine, v.29, p.743-
758, 2015.

HINCHCLIFF, K.W.; MORLEY, P.S.; GUTHRIE, A.J. Efficacy of furosemide for
prevention of exercise-induced pulmonary hemorrhage in Thoroughbred
racehorses. Journal of the American Veterinary Medical Association, v.235,
p.76-82, 2009.

HINCHCLIFF, KENNETH W.; JACKSON, MELISSA A.; MORLEY, PAUL S,
BROWN, JAMES A.; DREDGE, ANTHONY F.; O'CALLAGHAN, PAUL A;
MCCAFFREY, JOHN P.; SLOCOMBE, RONALD F.; CLARKE, ANDREW F.
Association between exercise-induced pulmonary hemorrhage and performance
in Thoroughbred racehorses. Journal of the American Veterinary Medical
Association, v. 22, v.5, p.768-774, 2005.

JOHNSTONE, L.B.; VIEL, L.; CRANE. S.; WHITING, S. Hemostatic Studies in
Racing Standardbred Horses with Exercise-induced Pulmonary Hemorrhage.
Hemostatic Parameters at Rest and After Moderate Exercise. Canadian Journal
of Veterinary Research., v.55, p. 101-106, 1991.

KINNISON, T.; CARDWELL, J. M. Conflict Between Direct Experience and
Research-Based Evidence is a Key Challenge to Evidence-Based Respiratory

Medicine on British Racing Yards. Frontiers In Veterinary Science, v.266, 2020.

KNYCH, H.K.; WILSON, W.D.; VALE, A.; KASS, P.H.; ARTHUR, R.M.; JONES,
J.H. Effectiveness of furosemide in attenuating exercise-induced pulmonary
haemorrhage in horses when administered at 4- and 24-h prior to high-speed

training. Equine Veterinary Journal, v.50, p. 350-355, 2018.

LANIER, C.J.; TAINTOR, J.S.; CHRISTOPHERSON, P.W.; SPANGLER, E.A.
Effect of lactic acid addition to equine whole blood on platelet aggregation


https://www.ncbi.nlm.nih.gov/pmc/journals/133/
https://www.ncbi.nlm.nih.gov/pmc/journals/133/

43

measured by impedance aggregometry. Veterinary Clinical Pathology, v. 51,
p.65-69, 2022.

LAPOINT, J.M.; VRINS, A.; McCARVILL, E. A survey of exercise-induced
pulmonary haemorrhage in Quebec standardbred racehorses. Equine
Veterinary Journal, v. 26, n. 6, p. 482, 1994.

LIBRADO, P. ORLANDO, L. Genomics and the Evolutionary History of Equids.

Annual Review of Animal Biosciences. p.12-21B., 2021.

MARCUS, A.J.; BROEKMAN, M.J.; DROSOPOULOS, J.H. Heterologous cell-cell
interactions: thromboregulation, cerebroprotection and cardioprotection by CD39
(NTPDase-1). The Journal of Thrombosis and Haemostasis, v. 12, p. 509,
2003.

McDONOUGH, T.S.; PADILLA, D.J.; GENTILE, J.M.; EDWARDS, K.L;
ERICKSON, H.H.; POOLE, D.C. Exercise-induced pulmonary haemorrhage
during submaximal exercise. Equine Exercise Physiology, V.36, p.502-507,
2006.

MCGILVRAY, T. A.; CARDWELL, J. M. Training related risk factors for exercise
induced pulmonary haemorrhage in British National Hunt racehorses. Equine
Veterinary Journal, v.54, p.283-289, 2022.

MORLEY, P. S.; BROMBEREK, J.L.; SAULEZ, K.W.; HINCHCLIFF, K.W.;
GUTHRIE, A.J. Exercise-induced pulmonary haemorrhage impairs racing
performance in Thoroughbred racehorses. Equine Veterinary Journal, v. 47 p.
358-365, 2015.

NEWTON, J.R.; ROGERS, K.; MARLIN, D.J.; WOOD, J.L.N.; WILLIAMS, R.B.
Risk factors for epistaxis on British racecourses: evidence for locomotory impact-
induced trauma contributing to the aetiology of exercise-induced pulmonary

haemorrhage. Equine Veterinary Journal, v.37, n.5, p.402-411, 2005.

NORRIS, J. W., PRATT, S. M., AUH, J.; WILSON, S. J.,, CLUTTER, D.,
MAGDESIAN, K. G., FERRARO, G. L., TABLIN, F.. Thoroughbred Horses and



44

Development of a Screening Assay. Journal of Veterinary Internal Medicine,
v. 20, p. 1450-1456, 2006.

NORRIS, J. W.; PRATT, S. M.; AUH, J.; WILSON, S. J.; CLUTTER, D,
MAGDESIAN, K. G.; FERRARO, G. L.; TABLIN, F. Thoroughbred Horses and
Development of a Screening Assay. Journal of Veterinary Internal Medicine,
v.20, p. 1450-1456, 2006.

PASCOE, J. R.; FERRARO G. L.; CANNON, J. H.; ARTHUR,D. V. M.; WHEAT,
D. V. M. Exercise-induced pulmonary hemorrhage in racing Thoroughbreds; a
preliminary study. American Journal of Veterinary Research, v. 42, p. 703-
707, 1981.

RAPHEL CF, SOMA LR. Exercise-induced pulmonary hemorrhage in
Thoroughbreds after racing and breezing. American Journal of Veterinary
Research, v. 43, 1982.

ROBSON, S. C.; SEVIGNY, J.; ZIMMERMANN, H. The E-NTPDase family of
ectonucleotidases: Structure function relationships and pathophysiological

significance. Purinergic Signalling,v.2, n.2, p.409-430, 2006.

SAULEZ, M. N.; GODFROID, J.; BOSMAN, A.; STILTNER, J. L.; BREATHNACH,
C. C.; HOROHOV, D. W. Cytokine mRNA expressions after racing at a high
altitude and at sea level in horses with exercise-induced pulmonary hemorrhage.
American Journal of Veterinary Research, v.71, n.4, p.447-453,2010.

SULLIVAN, S.; HINCHCLIFF, K. Update on exercise-induced pulmonary
hemorrhage. Veterinary Clinics of North America: Equine Practice, v.31, n.1, p.
187-198, 2015.

SUTHERLAND, R.J.; CAMBRIDGE, H.; BOLTON, J.R. Functional
andmorphological studies on blood platelets in a thrombasthenic horse.

Australian Veterinary Journal, v. 66, n.11, 1989.


https://www.google.com/search?rlz=1C1PDZP_pt-BRBR1007BR1007&q=american%20journal%20of%20veterinary%20research%20impact%20factor&ved=2ahUKEwipiJuRqKj4AhUbs5UCHdxZAcIQmoICKAB6BAgEEAo
https://www.google.com/search?rlz=1C1PDZP_pt-BRBR1007BR1007&q=american%20journal%20of%20veterinary%20research%20impact%20factor&ved=2ahUKEwipiJuRqKj4AhUbs5UCHdxZAcIQmoICKAB6BAgEEAo

45

TAKAHASHI, T.; HIRAGA, A.; OHMURA, H.; KAI, M. JONES, J.H. Frequency of
and risk factors for epistaxis associated with exercise-induced pulmonary
hemorrhage in horses: 251,609 race starts (1992-1997). Journal Of The
American Veterinary Medical Association, v.218, p.1462-1464, 2001.

VELIE, B.D.; RAADSMA, H.W.; WADE, C.M.; KNIGHT, P.K.; HAMILTON, N.A.
Heritability of epistaxis in the Australian Thoroughbred racehorse population. The
Veterinary Journal, v. 202, p. 274-278, 2014.

WEIDENMAN, H.; SCHOEMANB, S.J.; JORDAAN, G. F. The inheritance of
liability to epistaxis in the southern African Thoroughbred. Journal of the South
African Veterinary Association, v. 75, p.158-162, 2004.

WEISS, D. J.; MCCLAY, C. B.; SMITH, C. M.; RAO, G. H.; WHITE, J. G. Platelet
function in the racing thoroughbred: implication for exercise-induced pulmonary

hemorrhage. Veterinary Clinical Pathology, v.19, n.2, p.35-39,1990.

WILKENS J.; PREISINGER R.; KALM E. Effect of inbreeding on performance
traits of riding horses based on competition results of the races "Holsteiner' and
"Trakehner' warmblood. In: Proceedings of the 4th World Congress on Genetics
Applied to Livestock, (Ed. by W.G. Hill, R. Thompson & J.A. Wolliams) Organising
Committee, 4th World Congress on Genetics Applied to Livestock Production.
Edinburgh, p. 225-228, 1990.

WILLIAMS, K.J.; EDWARD ROBINSON, N.; DEFEIJTER-RUPP, H.;
MILLERICK-MAY, M.; STACK, A.; HAUPTMAN, J.; DERKSEN, F.J. Distribution
of venous remodeling in exercise-induced pulmonary hemorrhageof horses
follows reported blood flow distribution in the equine lung. Equine Veterinary
Journal, v.47, p.358-365, 2015.

YEGUTKIN G. Nucleotide and nucleoside converting ectoenzymes: important
modulators of purinergic signalling cascade. Biochim Biophys Acta, v.5, p.673,
2008.


https://bib-pubdb1.desy.de/record/7644
https://bib-pubdb1.desy.de/record/7644

46

YOUNG, L. E.; MARLIM, D.J.; DEATON, H. BROWN-FELTER.; ROBERTS,
C.A.; WOOD, J.L.N. Heart size estimated by echocardiography correlates with
maximal oxygen uptake. Equine Exercise Physiology, v. 34, p. 467-471, 2002.

ZIMMERMANN H. Ectonucleotidases: some recent developments and a note of

nomenclature. Drug Development Research, v.52, p.44-56, 2001.





