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Project outline  
Background: Hypertrophic cardiomyopathy (HCM) is the most common genetic disorder of the heart 

and manifests as aberrant hypertrophy resulting in increased risk for heart failure (HF) and sudden 

cardiac death1, 2.  Mutations in sarcomere genes (e.g., MYH7, MYBPC3, and ACTC1), proteasome 

related gens (e.g., FHL1 and LAMP2) mitochondria-related genes PRKAG2 and GLA are believed to 

cause the disease3 4.  Our recent study in HCM mouse models reveals a significant reduction of 

mitochondrial genes and proteins in mutant hearts. Thus, targeting mitochondria by restoring 

mitochondrial function may be a feasible therapeutic option for HCM. Work by us and others over 

the past decade has laid the groundwork for identifying the key roles of p21-activated kinases 

(PAKs), a group of serine/threonine protein kinases, in cardiac physiology and their therapeutic 

potential in cardiac hypertrophic disease and HF5-9, stimulating PAK signalling genetically or 

pharmacologically showed a beneficial effect in hypertrophic and HF mouse hearts.8-10.  Therefore, 

PAKs are likely potential new druggable targets for defending against the development of cardiac 

hypertrophy, heart failure associated with HCM. 

 

Hypothesis: Modulating mitochondrial oxidative stress signalling provides a novel therapeutic 

intervention for the development of HCM and other forms of cardiac hypertrophy  

 

Aims: (1) Delineate mitochondrial metabolomic and redox signalling molecules and genes that are 

involved in the (causal) pathways of development and disease progression of HCM (2) Determine the 

role of modulating PAKs on mitochondrial oxidative stress as a therapeutic option for the 

management of HCM. 

 

Description of the work to be undertaken:  

Study #1: Delineate mitochondrial metabolomic and redox signalling molecules and genes that are 

involved in the (causal) pathways of development and disease progression of HCM, we will 

determine the role of these pathways in the risk of HCM and mortality using large-scale human 

omics data (GWAS, eQTL & pQTLs). We will evaluate the role of the PAK genes and their signalling 

pathway in relation to cardiac hypertrophy (HCM as a genetic model of cardiac hypertrophy) and 

heart failure. To achieve this, we will initially identify genetic associations shared between cardiac 
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hypertrophy and heart failure risk loci and quantitative traits which highlight disease related 

intermediate phenotypes, using genome-wide association studies (GWAS). We will use in-house 

tools/pipelines, such as fine mapping/colocalization, Mendelian randomisation and rare variant 

analysis in order to determine if PAK genes are the underlying causal genes for cardiac hypertrophy, 

contractility and heart failure risk. Finally, we aim to determine both the directionality for 

therapeutic modulation and potential adverse effects. Collectively, these approaches help to 

prioritise genetic support for PAK genes in relation to HCM and HF.  

 

Study #2: We will establish the efficacy of PAK activators on HCM and mechanisms of action. Once 

the target tissue threapeutic concentration has been established, chronic treatment of the lead 

compound will be conducted in mouse models carrying human HCM mutation.  The therapeutic 

efficacy of the compound and clinical endpoints will be assessed by echocardiography, MRI, 

histology and biomarker assessment.  Plasma will be taken for compound concentration, histology 

on LV tissue sections will quantify the hypertrophic remodeling at the cardiomyocyte level and 

fibrosis measured by histology (e.g. Picrosirius Red staining) and real-time RT-PCR for expression of 

hypertrophic genes. We will determine the signalling mechanisms of activation of PAK on 

mitochondrial oxidative stress including key signalling molecules in regulating mitochondria function 

and its respiratory chain complex protein phosphorylation. 

 

Contributions of Oxford and NNRCO supervisors:   

 

Oxford Supervisors: HCM GWAS data and downstream bioinformatic and functional analyses to 

dissect common variant contributions to cardiac hypertrophy and contractility; HCM mouse model 

and expertise in HCM pathogenesis. PAK activators and their efficacy in HCM mouse model and 

action of mechanisms investigation. Oxford supervisors will be responsible for the daily supervision 

of the fellow. 

NNRCO Supervisors: Joanna Howson’s group will provide expertise in statistical and computational 

analysis of genetic variants for cardiac hypertrophy and related traits including ID genetic 

associations for HF for PAK gene region. Subsequently determine if PAK genes play an underlying 

role in HF using advanced genetic tools and explore adverse effects and additional indications. 

Joanna Howson’s group will supervise the progress of the fellow in regular meetings with Oxford 

supervisors. 

 

References: 

Prof Hugh Watkins, Division of Cardiovascular Medicine Oxford 

1. Harper AR, Goel A, Grace C, Thomson KL, Petersen SE, Xu X, Waring A, Ormondroyd E, 
Kramer CM, Ho CY, Neubauer S, Tadros R, Ware JS, Bezzina CR, Farrall M and Watkins H. Common 
genetic variants and modifiable risk factors underpin hypertrophic cardiomyopathy susceptibility 
and expressivity. Nat Genet. 2021;53:135-142. 
 
2. Tadros R, Francis C, Xu X, Vermeer AMC, Harper AR, Huurman R, Kelu Bisabu K, Walsh R, 
Hoorntje ET, Te Rijdt WP, Buchan RJ, van Velzen HG, van Slegtenhorst MA, Vermeulen JM, Offerhaus 
JA, Bai W, de Marvao A, Lahrouchi N, Beekman L, Karper JC, Veldink JH, Kayvanpour E, Pantazis A, 
Baksi AJ, Whiffin N, Mazzarotto F, Sloane G, Suzuki H, Schneider-Luftman D, Elliott P, Richard P, Ader 



F, Villard E, Lichtner P, Meitinger T, Tanck MWT, van Tintelen JP, Thain A, McCarty D, Hegele RA, 
Roberts JD, Amyot J, Dubé MP, Cadrin-Tourigny J, Giraldeau G, L'Allier PL, Garceau P, Tardif JC, 
Boekholdt SM, Lumbers RT, Asselbergs FW, Barton PJR, Cook SA, Prasad SK, O'Regan DP, van der 
Velden J, Verweij KJH, Talajic M, Lettre G, Pinto YM, Meder B, Charron P, de Boer RA, Christiaans I, 
Michels M, Wilde AAM, Watkins H, Matthews PM, Ware JS and Bezzina CR. Shared genetic pathways 
contribute to risk of hypertrophic and dilated cardiomyopathies with opposite directions of effect. 
Nat Genet. 2021;53:128-134. 
 
3. Walsh R, Thomson KL, Ware JS, Funke BH, Woodley J, McGuire KJ, Mazzarotto F, Blair E, 
Seller A, Taylor JC, Minikel EV, MacArthur DG, Farrall M, Cook SA, Watkins H and Exome Aggregation 
C. Reassessment of Mendelian gene pathogenicity using 7,855 cardiomyopathy cases and 60,706 
reference samples. Genetics in Medicine. 2017;19:192-203. 
 
4. Yavari A, Bellahcene M, Bucchi A, Sirenko S, Pinter K, Herring N, Jung JJ, Tarasov KV, Sharpe 
EJ, Wolfien M, Czibik G, Steeples V, Ghaffari S, Nguyen C, Stockenhuber A, Clair JRS, Rimmbach C, 
Okamoto Y, Yang D, Wang M, Ziman BD, Moen JM, Riordon DR, Ramirez C, Paina M, Lee J, Zhang J, 
Ahmet I, Matt MG, Tarasova YS, Baban D, Sahgal N, Lockstone H, Puliyadi R, de Bono J, Siggs OM, 
Gomes J, Muskett H, Maguire ML, Beglov Y, Kelly M, dos Santos PPN, Bright NJ, Woods A, Gehmlich 
K, Isackson H, Douglas G, Ferguson DJP, Schneider JE, Tinker A, Wolkenhauer O, Channon KM, 
Cornall RJ, Sternick EB, Paterson DJ, Redwood CS, Carling D, Proenza C, David R, Baruscotti M, 
DiFrancesco D, Lakatta EG, Watkins H and Ashrafian H. Mammalian γ2 AMPK regulates intrinsic heart 
rate. Nature Communications. 2017;8:1258. 
 
Associate Prof Ming Lei, Department of Pharmacology Oxford 
 
5. Ke Y, Lei M, Collins TP, Rakovic S, Mattick PAD, Yamasaki M, Brodie MS, Terrar DA and Solaro 
RJ. Regulation of L-Type Calcium Channel and Delayed Rectifier Potassium Channel Activity by p21-
Activated Kinase-1 in Guinea Pig Sinoatrial Node Pacemaker Cells. Circ Res. 2007;100:1317-1327. 
 
6. Egom EEA, Ke Y, Musa H, Mohamed TMA, Wang T, Cartwright E, Solaro RJ and Lei M. FTY720 
prevents ischemia/reperfusion injury-associated arrhythmias in an ex vivo rat heart model via 
activation of Pak1/Akt signaling. Journal of Molecular and Cellular Cardiology. 2010;48:406-414. 
 
7. Egom EEA, Mohamed TMA, Mamas MA, Shi Y, Liu W, Chirico D, Stringer SE, Ke Y, Shaheen M, 
Wang T, Chacko S, Wang X, Solaro RJ, Fath-Ordoubadi F, Cartwright EJ and Lei M. Activation of 
Pak1/Akt/eNOS signaling following sphingosine-1-phosphate release as part of a mechanism 
protecting cardiomyocytes against ischemic cell injury. American Journal of Physiology - Heart and 
Circulatory Physiology. 2011;301:H1487-H1495. 
 
8. Yang B, Jiang Q, He S, Li T, Ou X, Chen T, Fan X, Jiang F, Zeng X, Huang CL, Lei M and Tan X. 
Ventricular SK2 upregulation following angiotensin II challenge: Modulation by p21-activated kinase-
1. J Mol Cell Cardiol. 2021. 
 
9. Liu W, Zi M, Tsui H, Chowdhury SK, Zeef L, Meng Q-J, Travis M, Prehar S, Berry A, Hanley NA, 
Neyses L, Xiao R-P, Oceandy D, Ke Y, Solaro RJ, Cartwright EJ, Lei M and Wang X. A Novel 
Immunomodulator, FTY-720 Reverses Existing Cardiac Hypertrophy and Fibrosis From Pressure 
Overload by Targeting NFAT (Nuclear Factor of Activated T-cells) Signaling and Periostin. Circulation: 
Heart Failure. 2012;6:833-844. 
 
10. Liu W, Zi M, Naumann R, Ulm S, Jin J, Taglieri DM, Prehar S, Gui J, Tsui H, Xiao R-P, Neyses L, 
Solaro RJ, Ke Y, Cartwright EJ, Lei M and Wang X. Pak1 as a Novel Therapeutic Target for 
Antihypertrophic Treatment in the Heart. Circulation. 2011;124:2702-2715. 

 


