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Neuropathogenic mechanisms of mitochondrial dysfunction 

Research Updates - Sophia Frentz  

 

Two Year, Six Month Update 

Summary of project: Mitochondrial disorders are the most common inborn error of 

metabolism, and current treatments only alleviate the symptoms rather than addressing 

the underlying cause. My PhD project is focused on investigating a treatment that shows 

promise for mitochondrial disease across a range of model systems: nicotinamide riboside 

(NR), a vitamin B3 precursor. I am looking at this treatment in a mouse model system, 

HEK293T cells (a cell line commonly used for mitochondrial disorders), and in human stem 

cells. 

Progress made: NR has shown promise in other mouse models of mitochondrial disorders, 

so we’ve investigated it in a mouse model of Leigh Syndrome, a progressive 

neurodegenerative disorder that is a common presentation of mitochondrial disorders. I 

have completed studies of NR in this mouse model, and am currently combining it with 

other data in the lab and performing complimentary studies in cells. While mouse models 

are a great way to investigate how a whole body responds to a particular treatment, studies 

in human cell lines need to be done alongside mouse investigations to get a full picture of 

the potential effects of this treatment.  

Current findings: I have characterised several complex I (CI) knockouts in HEK293T cells (a 

cell line commonly used for mitochondrial disorders) and shown that they are a valid way 

to model these specific CI disorders. I have also characterised several mouse models using 

the Seahorse system, a method that measures oxygen consumption of whole cells or 

isolated mitochondria, showing that it is an appropriate method to detect these CI defects. 

I have completed NR studies in knockout mice and am currently working on characterising 

the effect of NR in cell lines. Preliminary results are promising and have provided guidance 

regarding the appropriate and meaningful concentrations of NR to investigate. Initial results 

show that NR does have an effect on the NAD+/NADH ratio in HEK293T cells, confirming 

that NR can successfully enter cells in culture and supporting further experiments to 

determine effects. 

I am currently still working to generate CI deficient stem cell lines. Stem cells can be 

converted into clinically relevant cell types for mitochondrial disease and thus will be 

important model systems for continued investigations into NR treatment and 

characterisation of mitochondrial disease. We have recently made significant steps in the 

generations of these lines in collaboration with researchers at Monash University. 
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Issues encountered: I have recently experienced issues concerning antibody specificity or 

possible cell line contamination. This was resolved via investigation of control cell lines and 

tissues and utilising a range of methods to determine the source of the problem. 

Performing a literature review during this process led to the purchase of a new antibody 

that has proven substantially more successful than previous attempts. Optimising these 

antibodies and control cell lines is crucial for confirming stem cell knockouts. 

There are ongoing issues with developing stem cell issues, however protocol development, 

optimisation, and extensive collaborations with several groups has led to significant steps 

towards cell line generation. 

Publications/attention gained for work:  

Since last report, I have:  

 Completed my 3 minute thesis (a hurdle requirement of the University of 

Melbourne Department of Paediatrics), titled “Have You Tried Turning it Off and On 

Again? Investigating the Powerhouse of the Cell”.  

 I presented my work at the Murdoch Childrens Research Institute Students 

Symposium, titled “Characterising biochemical effects of Complex I deficiency in 

human embryonic kidney 293 (HEK293T) cells”, and was awarded runner-up in the 

Third Year PhD section. 

 I was on The Feed (SBS), speaking on the subject of mitochondrial transfer. 

 I presented my work at AussieMit in the Young Investigators forum and in a poster, 

both titled “Characterising biochemical effects of Complex I deficiency in human 

embryonic kidney 293 (HEK293T) cells”. 

 I was awarded the Rising Star award at the Murdoch Childrens Research Institute, 

in recognition of outstanding research achievement and contribution to the 

institute in 2016. 

Next steps: Finish characterising the effect of NR on HEK293T cells, especially the effect it 

has on mitochondrial biogenesis. Continue to work with our collaborators at Monash to 

generate stem cell knockouts, and screen and characterise the knockouts I am currently 

growing. During these processes, I can write up the results I have gained so far. 

Projected completion date: 23/07/2017 
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Two Year Update 

Summary of project: Mitochondrial disorders are the most common inborn error of 

metabolism, and current treatments only alleviate the symptoms rather than addressing 

the underlying cause. My PhD project is focused on investigating a treatment that shows 

promise for mitochondrial disease across a range of model systems: nicotinamide riboside 

(NR), a vitamin B3 precursor. I am looking at this treatment in a mouse model system, 

HEK293T cells (a cell line commonly used for mitochondrial disorders), and in human stem 

cells.  

Progress made: NR has shown promise in other mouse models of mitochondrial disorders, 

so we’ve investigated it in a mouse model of Leigh Syndrome, a progressive 

neurodegenerative disorder that is a common presentation of mitochondrial disorders. I 

have completed studies of NR in this mouse model, and am currently combining it with 

other data in the lab and performing complimentary studies in cells. While mouse models 

are a great way to investigate how a whole body responds to a particular treatment, studies 

in human cell lines need to be done alongside mouse investigations to get a full picture of 

the potential effects of this treatment. I have also possibly generated stem cell knockouts 

and am currently confirming this.  

Current findings: I have characterised complex I (CI) knockouts in HEK293T cells (a cell line 

commonly used for mitochondrial disorders) and shown that they are a valid model system 

for CI disorders. I have also characterised mouse models using the Seahorse system, a 

method that measures oxygen consumption of whole cells or isolated mitochondria, 

showing that the Seahorse is an appropriate method to detect these Complex I defects.  

While I have completed the NR study in a mouse model of Leigh Syndrome, I am hesitant to 

comment on this beyond saying the results are promising without the results from 

complimentary studies in cells.  

Issues encountered: I have faced notable setbacks with generating the stem cell knockouts 

and so have liaised with stem cell experts to troubleshoot.  

Publications/attention gained for work: Since last report, presented at the Human 

Genetics Society of Australasia annual conference 2016 and earned Australian Society for 

Inborn Errors of Metabolism award for my oral presentation, titled “Characterizing 

biochemical effects of Complex I deficiency in human embryonic kidney 293 (HEK293T) 

cells”. 

Next steps: Characterise stem cell knockouts, finish performing NR supplementation 

studies in HEK293T Cells. By having a range of well-characterised model systems I will both 

strengthen my own treatment investigations as well as laying the ground for future work in 

this field.  

Projected completion date: 23/07/2017 
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18 Month Update 

Mitochondrial disorders are the most common inborn error of metabolism, and current 

treatments only alleviate the symptoms rather than addressing the underlying cause. My 

PhD project is focused on investigating a treatment that shows promise for mitochondrial 

disease across a range of model systems: nicotinamide riboside (NR), a vitamin B3 

precursor. I am looking at this treatment both in a mouse model system and in human stem 

cells.  

Mitochondrial diseases affect different tissues in different ways, and while a mouse model 

system is useful for looking at a range of organ types, it’s really important to have a way to 

look at that for humans. Human stem cells can be turned into a range of different tissues 

and therefore used to investigate the response of different cell types to treatments.  

NR has shown promise in other mouse models of mitochondrial disorders, so we’ve 

investigated it in a mouse model of Leigh Syndrome, a progressive neurodegenerative 

disorder, and one of the more common presentations of mitochondrial disorders. I have 

completed studies of NR in this mouse model, and am currently combining it with other 

data in the lab to get a more comprehensive picture of this treatment. The results so far are 

promising!  

I am currently in the middle of using stem cells to create cell lines that have genes knocked 

out, in order to characterise these cell lines as a model system for mitochondrial disorders 

and to further investigate NR as a possible treatment for human disease. 
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12 Month Update  

Mitochondrial disorders affect roughly 1 in 5000 people, and current treatments only 

address the symptoms of the disease rather than the cause. My PhD project is focused on 

investigating different treatments that show promise for mitochondrial disease: 

nicotinamide riboside, an NAD precursor, and rapamycin. 

 Both mouse models and human cell lines will be used to test these treatments, and after a 

year working on this project I have performed a pilot study on a mitochondrial disease 

mouse model using nicotinamide riboside. This showed promising results so I have also 

completed a larger mouse study, and will be analysing the large amount of data gained over 

the next few months.  

Mitochondrial diseases affect different tissues in different ways, and while a mouse model 

system is useful for looking at a range of organ types, it’s really important to have a way to 

look at that for human model systems. Human stem cells can be turned into a range of 

different tissues and so can be used to investigate the response of different organs to 

treatments.  

I am about to start knocking out genes associated with mitochondrial disease in human 

stem cell lines, which will allow me not only to investigate this treatment more thoroughly 

by differentiating these cells into clinically relevant tissue types, but also to compare and 

contrast the accuracy of different types of model systems. If these trials are successful, they 

will serve to justify future clinical trials that could improve the welfare of patients. 

 

 


