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In vitro disease modelling has been always challenging, 
particularly so for multifactorial or late onset conditions, 
and for diseases affecting cell types that may be very hard 
to obtain and to keep in culture (such as for instance 
dopaminergic neurons in the case of Parkinson’s disease). 
In multifactorial disease, the cellular models must be 
characterized by the complete set of mutations defining the 
disorder, and possibly kept in culture for a very long time to 
be able to observe the phenotype of late-onset conditions (1). 
In this sense, the discovery of human pluripotent stem cell 
(PSC), with their capacity to become any cell type of the 
adult body, has given a new impulse to the field of disease 
modelling (2). By now, numerous diseases have been in vitro  
modelled with embryonic stem cell (ESC) or induced 
pluripotent stem cell (iPSC) derivatives, with promising 
results (3). For instance, spinal muscular atrophy has been 
studied using iPSC-derived motor neurons, and the disease 
corrected by treatment with anti-apoptotic factors (4)  
and through gene editing (5). In Huntigton’s disease, the 
inhibition of excessive mitochondrial fragmentation in 
iPSC-derived neurons could rescue defects in the mutant 
cells (6), and in amyotrophic lateral sclerosis, the pathogenic 
mechanisms were described thanks to the observations 
made on SOD1-mutated iPSC-based cellular models (7).

In the case of mitochondrial diseases, in vitro modelling 
suffers from an additional level of complication. Because 
of the multicopy nature of the mitochondrial genome, 
mutations can be found in a homoplasmic or heteroplasmic 
state (i.e., all mitochondrial genomes contain the mutation, 

or only a part of them). As such, it is difficult to evaluate 
the effect of a mutation in a heteroplasmic state, and 
to establish a threshold of heteroplasmy as from which 
the mutation affects the mitochondrial function (8). 
Furthermore, the same mutation at the same heteroplasmic 
level might cause a differential disease progression in 
different individuals, pointing towards a significant 
contribution of the nuclear DNA in modulating the 
effect of the mutation (9). One of the most commonly 
used tools to investigate the effects of mitochondrial 
mutations are cybrids, in which enucleated patient cells 
[(carrying their mitochondrial DNA (mtDNA)] are fused 
to immortalized cell-lines depleted of mtDNA (10).  
In these cases, there is a loss of nuclear DNA and mtDNA 
interactions, possibly modifying the behaviour of the 
diseased cells. 

Recently, the group of Alessandro Prigione published 
an excellent paper, of great interest in this field of science, 
presenting a novel approach to mitochondrial disease 
modelling and drug discovery using multipotent neural 
progenitor cell (NPC) and neurons, derived from PSC (11). 

In this work, the authors started by thoroughly validating 
their proposed model. The first step was to prove that these 
NPC are a representative proxy for human neural cells, 
especially regarding important mitochondrial features such 
as metabolism, membrane potential, calcium homeostasis 
and mtDNA inheritance. They first differentiated human 
iPSC and ESC towards NPC through exposure to small 
molecules. The authors performed their experiments with 
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a variety of different lines to strengthen their findings and 
avoid accidental correlations. For instance, the iPSCs were 
derived with different reprogramming methods (episomal 
vectors and retroviral transduction) and different PSC lines 
(two ESCs and two iPSCs lines) were used to assess the 
model. The PSC-derived NPCs were shown to respond to 
calcium mobilization and acquire membrane polarization 
in a similar fashion to more mature differentiated 
neuronal-like cells. Moreover, the NPC relied on oxidative 
phosphorilation (OXPHOS) for energy production and 
were characterized by elongated mitochondria with well-
defined cristae. Finally, these cells were retaining the 
mtDNA of their source, which did not undergo changes 
during reprogramming or differentiation. This last point 
is of particular importance, given the significant mtDNA 
genetic diversity seen in different iPSC generated from 
the same cellular source. The authors acknowledge that a 
thorough analysis of the genotype of the cells is imperative, 
especially since it is known from other studies that iPSC 
carrying certain mutations show an impaired differentiation 
and dysfunctional mitochondria, which could severely 
hamper the reliability of the study (12,13). Also in this line, 
the authors suggest that, although they only worked on 
homoplasmic mutations, it should be possible to model in 
the same way the effect of heteroplasmic variants. Although 
this will probably be possible, again a lot of attention must 
be paid to the genotype of the reprogrammed cells. In 
fact, iPSCs have been found to change their heteroplasmic 
variants and their loads when compared to the source 
population due to the mosaic nature of mtDNA in cell 
culture (14).

In the second part of the study, the authors proceeded to 
use these cells as models for mitochondrial disease. They 
reprogrammed cells from three different patients with the 
same disease-causing mutation in the MT-ATP6 gene, in a 
homoplasmic state. Again, the authors used multiple iPSC 
lines with the same mtDNA mutation but from different 
patients, therefore with a different genetic background, to 
correlate the findings to the mutation itself, and avoiding 
confounding factors originating from one single individual. 
The NPC generated from these iPSC lines showed a 
defective ATP production, an altered mitochondrial 
membrane polarization and disrupted calcium homeostasis. 
Interestingly, the patient’s fibroblasts and the cybrids 
also showed most of these features, but often to a lesser 
extent than the NPC. These findings illustrate the crucial 
importance of using the correct cell type to model the 
impact of a given mutation on a specific in vivo tissue. In the 

last part of their work, the authors carried out a screening 
of small molecules to find compounds able to revert the 
diseased phenotype of the mutated NPC. This screening 
yielded the PDE5 inhibitor avanafil as effective in partially 
rescuing the diseased phenotype induced by the MT-ATP6 
mutation. Notably, the authors conducted the screening on 
130 compounds, already FDA-approved for the treatment 
of other diseases. This strategy has the drawback that there 
is a limited number of compounds to test, but offers the 
great advantage of screening drugs that have already been 
declared safe. In this situation, if a compound is found to be 
effective, there is no need for the preclinical safety studies, 
which are risky, as drugs may be proven to be unsafe, 
expensive and time consuming (15). In this sense, the PDE5 
inhibitor identified in the paper could hypothetically enter 
clinical studies in a very short time. 

In summary, Lorenz et al. present a novel, well-
characterized model for the study of mitochondrial disease. 
This approach was then subjected to a proof-of-concept by 
testing the impact of a specific mtDNA mutation on the 
cells, and to screen for drugs that correct the phenotype. 
Their work adds yet another successful approach to PSC-
based disease modelling, a field of science that currently has 
a significant momentum and holds great promise for the 
understanding of the molecular mechanisms of disease and 
for effective drug discovery.
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