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Identification of genes responsible for valvular pulmonic stenosis in 
French Bulldog dogs 
 

Abstract:  

Pulmonic stenosis (PS) is one of the most commonly reported congenital heart defects in dogs, accounting for 

up to 20 to 32% of total congenital heart defects.1,2 One breed frequently diagnosed with PS is the French 

Bulldog.1-4 Based on previous research in Beagle dogs5 and based on the clear predisposition in certain 

breeds, PS is expected to be a hereditary disorder. Pedigree analysis in Bulldog dogs suggests an autosomal 

recessive mode of inheritance4. Therefore, the aim of our study is to identify genes associated with valvular 

pulmonic stenosis in French Bulldog dogs. First, we will perform a genome wide association study (GWAS) of 

96 French Bulldogs (48 affected by valvular PS and 48 without cardiac congenital defects). As a secondary 

objective we will collect (post-mortem) tissue of affected pulmonic valves and normal pulmonic valves of 

French Bulldogs. From these valves we will isolate valvular endothelial cells and valvular interstitial cells. This 

model enables the functional follow-up studies of identified mutations by measuring effects on gene and 

protein expression. In the future candidate genes will be validated in the zebrafish model.  We anticipate that 

elucidation of these genes and the associated pathways will also give insight into the pathologic cardiac 

derangements in dogs of other breeds and maybe even human medicine. Our last and main objective will be to 

develop a genetic test, which will be instrumental in the eradication of the disease in the French Bulldog breed.  

 

Background and Significance:  

 

In the last couple of years purebred dogs are the subject of a public debate focusing on their health and 

welfare. Years of inbreeding and selecting for specific phenotypic characteristics made the dog a magnifying 

glass for genetic disorders. The identification of causative mutations in newly identified genes will provide a 

strong basis for a reliable genetic test, aiding a preventive breeding strategy.  

Pulmonic stenosis (PS) is one of the most commonly reported congenital heart defects in dogs, accounting for 

up to 20 to 32% of total congenital heart defects. It is mostly seen in Boxers, French and English bulldogs, 

small terrier breeds and mixed breeds. A slight male predisposition has been observed.1-4 The French Bulldog 

is a popular breed with multiple (congenital) problems. Due to the high prevalence of cutaneous, gastro-

intestinal, aural, upper-respiratory and ophthalmological conditions, cardiac problems have not received much 

attention in the public debate. However, many veterinary cardiologists diagnose French Bulldogs with pulmonic 

stenosis on a regular basis 2-4 and the prevalence of cardiac problems in a large UK French Bulldog population 

was estimated at 2.3 %.6 Furthermore, PS in the French Bulldog is often severe and therefore limits quality of 

life and survival significantly.3,7 

In a retrospective study of (unpublished) data of our clinic on dogs diagnosed with CHD, the French Bulldog 

was highly overrepresented for pulmonic stenosis. In a recently published study from France, the French 

Bulldog was also the most commonly affected dog breed with pulmonic stenosis (66 out of 220 dogs (30, 0%), 

followed by English bulldogs (6.4%), boxers and miniature pinschers (2.3% each). In the U.S.A the French 

Bulldog also had a highly increased ODDS ratio (7.52) for congenital pulmonic stenosis. This study postulates 

an autosomal recessive mode of inheritance in Bulldog dogs based on pedigree analysis.4  Genetic studies in 

beagle dogs, including matings of affected to affected, outcrosses, F1 crosses and repeated backcrosses 

showed that pulmonary valve dysplasia is not inherited as a simple Mendelian trait, but rather as a polygenic 

disorder. Multiple genes are probably involved in abnormal development of the pulmonary valve. The risk of 
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pulmonary valve dysplasia increased with inbreeding, indicating that homozygosity for specific alleles at these 

loci increases the probability of abnormal development.5  

In humans, the genetic contributors to pulmonary valves disease are poorly defined. The most well-studied 

genetic contributor to pulmonary valve stenosis in humans is in the setting of Noonan syndrome; a pleomorphic 

autosomal dominant disorder that is characterized by cardiac defects, typically pulmonary valve stenosis and 

hypertrophic cardiomyopathy, as well as cognitive disability, characteristic facies, and bleeding disorders. 

Initially, mutations in PTPN11, which encodes protein tyrosine phosphatase SHP-2 involved in Ras signaling, 

were identified to be the cause of 50 % of Noonan Syndrome cases.8 Further analysis has determined that this 

mutation functions in the endocardium and the potential disease mechanism involves increased MAPK 

activation.9 Subsequent studies have found mutations in other genes involved in the Ras signaling pathway 

including RAF1, SOS1, and KRAS are also associated with Noonan syndrome in addition to LEOPARD and 

Costello syndromes, which exhibit similar phenotypes as a result of RAS mutations. 10  

Although familial forms of nonsyndromic PS have been described in the literature, the genetic contributors 

have not been identified. La Haye et al. previously reported that mutations in GATA4, are linked to cardiac 

septation defects.11 In 2016, Sun et al described a HAND2 loss-of function mutation that caused familial 

ventricular septal defect and pulmonary stenosis.12  

To the authors knowledge, no genetic studies have been performed in dogs with (valvular) pulmonic stenosis. 

Understanding the genetic background of this disorders in the French Bulldog will be instrumental for breeding 

purposes and in addition will potentially help other dog breeds and maybe even humans.  

 

Hypothesis and specific aims 

We hypothesize that valvular pulmonic stenosis in dogs is a hereditary condition with a polygenic inheritance.  

Our main and first objective for this application is to perform a genome wide association study (GWAS) of 48 

French Bulldogs affected by valvular PS and 48 French Bulldogs without cardiac congenital defects.  

As a secondary objective we will aim at (post-mortem, with owners informed consent) collection of tissue of 

affected pulmonic valves and normal pulmonic valves of French Bulldogs, of which we will establish cell 

specific models. Current efforts in establishing a cell culture system resulted in a promising model based on 

normal pulmonic heart valve cells (Fig. 1a and 1b).  

 

Fig 1a: Valvular endothelial cells (VECs), 

Labrador Retriever dog (magnification: 10 x)  

 

Fig 1b. Valvular interstitial cells (VIC’s),  

Labrador Retriever dog (magnification 10 x) 

 

This model will enable the functional follow-up studies of identified mutations and measure effects on gene and 

protein expression. In a later stage, if we receive additional funding, we will validate our genes in a zebrafish 
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model in cooperation with the cardiology research group of the Hubrecht institute (Bakkers group: Cardiac 

Development and Genetics) 
Our last objective, and ultimate goal, is to develop a genetic test, which will be instrumental in the diagnosis, 

follow-up and prevention of the disease. In addition, we anticipate that elucidation of these genes and the 

associated pathways will also give insight into the pathologic cardiac derangements in dogs of other breeds 

and maybe even human medicine. 

 

 

Experimental Design and Methods:  

 

Selection of dogs  

The majority of the required DNA samples of affected dogs are already stored in our DNA database (n=32). 

For the required additional samples, we have planned screening days in collaboration with the Dutch French 

Bulldog club. All dogs will undergo a thorough clinical evaluation and an echocardiogram. Furthermore, 

additional samples of cases will be collected by collaborators and a call for samples will be sent out through 

the cardiology diplomates ECVIM/ACVIM list serve through the services of the Veterinary information Network 

(VIN).  

PS cases were and will be selected based on thorough clinical evaluation, echocardiography and in some 

dog’s angiocardiography. All previous examinations were performed by a board-certified cardiologist (ECVIM-

CA, Dr. Szatmári, Dr. Marjolein den Toom, Dr. Beijerink, and Drs. Dirven). We will focus on dogs with clear 

valvular pulmonic stenosis. Both Type A, type B and intermediate forms will be included and we expect that the 

majority of the cases will have a type B valvular stenosis.3 If the stenosis seems to be solely sub-valvular or 

supra-valvular dogs will be excluded. If a supra-valvular component is present additional to the valvular 

stenosis dogs will not be excluded. This because a supra-valvular component seems to be quite common in 

French Bulldog dogs.3 Sub-valvular PS dogs will be excluded because we did not want to include dogs with a 

possible coronary artery anomaly as a cause for the sub-valvular stenosis.  We will only select dogs with a 

minimal Doppler-derived pressure gradient above 50 mm HG (moderate and severe group).   Dogs with 

concurrent CHD’s (like a VSD, ASD, (sub) aortic stenosis or a persistent left cranial vena cava) will be 

excluded in this study as well.  DNA samples will however be stored for future analysis. Dogs with a concurrent 

patent foramen ovale (PFO) will not be excluded.  

    

Mapping      

Isolated DNA will be used in a Genome Wide Association Study (GWAS) using the Illumina Canine HD Assay. 

Approximately 230k SNPs evenly distributed over the entire genome will give rise to a dense mapping which 

has proven to be ideal in mutation discovery.13 Using specific bioinformatic tools we are able to correct for 

genetic kinship which is crucial when performing genetic studies in highly inbred canine populations. To this 

end we will combine GenABEL/EMMAX with Plink. Given the complexity of for instance subvalvular aortic 

stenosis in Newfoundland dogs14,and the attempt to solve this disorder in a small cohort with 24 cases and 24 

controls, we hypothesize the need for 48 cases and 48 controls, which is in line with published sample sizes.15 

Mapped chromosomal regions will be used to pick obvious candidates or as an enrichment in future 

sequencing studies.  

 

Functional validation of variants in affected tissue  

The availability of a cell system (Fig. 1) based on both healthy pulmonic valves and affected pulmonic valves 

enables the functional validation of high impact variants by measuring gene (qPCR) and protein expression 

https://www.hubrecht.eu/research-groups/bakkers-group/
https://www.hubrecht.eu/research-groups/bakkers-group/
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(Western blot). Furthermore, with these cells we aim at measuring the effect of the discovered mutation in the 

affected developmental process.  

 

 

Timeline 

  

- Month 1-6: Gathering additional DNA samples of positive French Bulldogs (n=11, 38 in database) and 

negative controls (n=48, 0 in database).  

- Month 7-9: GWAS of the 96 samples. 

- Month 10-12: Analyzing data of GWAS and publish results.  

- Month 1-12: Collection of unaffected pulmonic valves and affected pulmonic valves of French Bulldogs 

and establishing cell lines.  

 

Possible benefits of the study to veterinary cardiology community: 

 

The pathophysiology of valvular pulmonic stenosis in French Bulldogs will be better understood and the results 

can be used to develop a DNA test that breeders can use to avoid the conception of dogs at risk. For this 

purpose, the results of the detected mutations will be published and shared with Genoscoper to have it 

incorporated in their gene panel DNA test, MyDogDNA with a growing content of about 200 known disease 

mutations. To cover the time necessary for development and incorporation of the identified mutations in the 

MyDogDNA assay, the Utrecht University will provide DNA test service in its laboratory separately. 

Furthermore, the detected mutations can be tested in other breeds at risk for pulmonic stenosis.  

Publication aims in the future  

The results of this study will be published as soon as possible. If funding and number of collected samples 

permits, we will perform follow-up studies (functional studies in cell lines, testing the genes in a zebrafish 

model and genetical studies of other dog breeds with PS) and publish our findings of these studies as well.  
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