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Mitochondria & heart development 

 Mitochondrial disorders  

 Mitochondrial disorders as a category suggest a role 

of mitochondrial functioning in myocardial & heart 

development. 

 Barth syndrome 

 



Mitochondrial functions: 
- Bioenergetics 

- Apoptosis 

- Calcium homeostasis 

- Cellular redox balance 

- Biosynthetic pathways 

- Transcriptional control, 

cellular proliferation 

pathways 

- Heme synthesis reactions 

- Immune responses 

Claypool & Koehler, TiBS 2011 

Cardiolipin, the center of mitochondrial physiology 

Tafazzin (taz) encodes 

for an acyltransferase 

involved in the maturation 

of the phospholipid 

cardiolipin 



Barth syndrome: cardiolipin deficiency 

 X-linked (Xq28): mutations in the taz gene 



Myocardial trabeculation & compaction 

LV noncompaction in Barth syndrome 
Towbin & Bowles, 2001 

Trabeculation & compaction in human 

embryonic hearts 
Lamers et al., 1995 



Model for Barth syndrome? 

 Model organisms:  yeast, Drosophila, zebrafish 

 Traditional mouse knockout genetics: unsuccessful 

 Proprietary shRNA knockdown strategy 

(TaconicArtemis) 

Phoon et al. J Am Heart Assoc 2012 



Cardiac dysfunction in TAZKD embryos 

R4/WT 

R3/HET 



Taz knockdown leads to prenatal lethality 



Evidence for pre-/perinatal lethality 

 Uninduced litters: expected Mendelian ratios at birth 

 One litter imaged at E14.5:  

 8 live+2 resorbed embryos at E14.5 

 6 live pups born, all WT 

STAGE TOTAL WT 

Alive 

WT 

Dead 

TAZKD 

Alive 

TAZKD 

Dead 

E12.5 14 7 1 3 3 

E13.5 67 31 2 29 5 

E14.5 28 18 1 3 6 

Newborn 60 35 0 13 12 



TAZKD mice exhibit noncompaction 



E13.5 Embryos 

In Vivo 

End-

diastolic 

Area (biV) 

(mm2) 

Fractional 

Area 

Shortening 

Dorsal Ao 

peak 

velocity 

(mm/s) 

Isovolumic 

Relaxation 

Time (msec) 

WT 1.969 
±0.057 

42.1% 
±1.7 

103 
±8 

53 
±8 

TAZKD 1.832 
±0.072 

45.5% 
±1.3 

78* 
±8 

42 
±9 

*p < 0.05 

Newborn Mice 

(few hours old) 

End-diastolic 

Area (LV only) 

(mm2) 

Fractional Area 

Shortening 

LV diastolic wall 

thickness (mm) 

WT 1.413  
±0.070 

50.8%  
±1.4 

0.26 
±0.01 

TAZKD 1.375  
±0.058 

49.4%  
±1.1 

0.26 
±0.01 

*No significant differences in any indices of heart size or function 



Cardiolipin biochemistry is altered 

Claypool & Koehler, TiBS 2011 



Mitochondria are abnormal: E13.5 

HET 

WT 



Mitochondria-myofibril alignment 

WT TAZKD 

Newborn myocardium 

Ong, Cardiovasc Res 2010 



Abnormal mitochondrial morphometrics 



Cardiomyocytes: Less differentiated? 



Developmental window of noncompaction 

Induced at E10.5 



Abnormal cellular proliferation 



Microarray data: E12.5 myocardium 

DAVID GO Terms 
(Functional annotation clusters) 

Enrichment 

Score 

Up/Down 

Metal ion binding, zinc finger 1.6-5.6 Up/Down 

Steroid hormone, nuclear hormone receptor 3.5 Down 

Synaptic transmission, neurotransmitter, neuron 2.7-3.5 Down 

Protein dimerization, protein binding 2.7 Up 

Apoptosis, programmed cell death 2.6 Up 

DNA binding, transcription, regulation of RNA 

metabolic process 

2.5 Down 

Membrane glycoprotein 2.0 Down 

Cell adhesion, cell-cell adhesion 2.0 Down 

Cell morphogenesis, neuron morphogenesis 1.8 Down 



Role of reactive oxygen species (ROS)? 







Increased ROS: BTHS, TAZKO cells 



ROS: E12.5 ventricular myocardium 



ROS: E18.5 ventricular myocardium 



N-acetylcysteine 

Berk M. TiPS 2008 









Conclusions 

 The TAZKD mouse is a good model for human BTHS. 

 Ventricular hypertrabeculation-noncompaction 

 Myocardial wall thinning 

 Abnormal mitochondrial morphometrics 

 Abnormal mitochondrial functioning: ROS 

 Tafazzin knockdown in embryonic vs. adult hearts 

indicates entirely different roles for mitochondria. 

 Mitochondria & heart development: an emerging field 

 Myocardial patterning: possible role of mito-ROS 

 Not just bioenergetics! 



Future directions 

 How does cardiolipin contribute to mitochondrial 

development & normal cardiac myoarchitecture? 

 Cell cycling pathways 

 ROS, Ca2+ homeostasis, ECM, cell adhesion, cytoskeleton 
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