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Mitochondria break through cellular boundaries

Jiri Neuzil and Michael V. Berridge

In our recent research, we have used respiration-
deficient tumour cells to challenge the dogma that
mitochondria with their genome are constrained within
cells in the body, and to question the concept that
mitochondria are primarily the powerhouse of the cell.
Our results have shown that mitochondria move from
normal cells in the body to tumour cells without
mitochondrial DNA (mtDNA), resulting in respiration
recovery and the ability to grow as tumours [1, 2].
Almost a decade earlier, a similar phenomenon had
been show in co-cultures of human tumour cells lacking
mtDNA with mesenchymal stem cells [3]. The strength
of both of these ground-breaking studies was that they
used mtDNA polymorphisms to show repopulation of
tumour cells with mtDNA, establishing the origin of
mitochondria in the donor cells.

Using the same metastatic melanoma and breast
carcinoma cell lines utilised to demonstrate intercellular
mitochondrial transfer in vivo, we applied genetic
approaches to determine whether the inherent failure of
tumour cells devoid of mtDNA to form tumours was
due to their inability to generate mitochondrial ATP or
due to a failure of respiration, which together comprise
OXPHOS [4]. Rather unexpectedly, tumour -cells
without the nuclear A#p5b gene that encodes a subunit
of ATP synthase required for ATP synthesis, were able
to form tumours by using glycolytic ATP. In contrast,
cells without Dhodh, a nuclear gene that encodes
dihydroorotate dehydrogenase (DHODH), a rate-
limiting enzyme in de novo pyrimidine biosynthesis and
nucleic acid production that depends on coenzyme Q
(CoQ) oxidised via the respiratory activity of
mitochondria, did not result in tumour formation. In
addition, expression of alternative oxidase (AOX) in
cells without mtDNA provided sufficient respiration
and redox-cycling of CoQ to fuel pyrimidine synthesis
and, consequently, tumour growth. Together, these
results explain why cell lines that lack mtDNA are
auxotrophic for uridine and need to be supplied with
this substrate Further, cell lines derived from tumours
that grew from A#p5bh gene knockout cells were
glycolytic, indicating that tumour formation by these
cells relies on DHODH-dependent respiration and on
ATP generated by glycolysis.

The discovery that tumour cells do not need
mitochondrial ATP to form tumours was unexpected
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and is novel. While the view that many tumours are
often highly glycolytic even in the presence of oxygen
(the Warburg effect) is now widely accepted almost a
hundred years after it was first proposed, Warburg’s
view was that “cancer cells can obtain approximately
the same amount of energy from fermentation as from
respiration” [5]. More recent estimates indicate that
cancer cell lines can derive up to 70-80% of their ATP
from glycolysis, and our results revealed that the breast
cancer and melanoma cells used in our studies derive
50-60% of their ATP from OXPHOS [4].

How do these results relate to normal physiology and
aging, and to diseases other that cancer such as
neurodegenerative and neuromuscular pathologies? First,
the lack of robust tools to track mitochondrial movement
between cells in the body makes it difficult to determine
whether intercellular mitochondrial transfer is a common
occurrence or a relatively rare event (or whether it does
occur at all). The problem is compounded by
heteroplasmy of mtDNA, that is, the presence of more
than one mitochondrial genotype and varying levels of
different genotypes in different cells. Inbred mice are
ideal models for mitochondrial transfer studies because
they are homoplastic, and the tumours we have used have
mtDNA polymorphisms that distinguish between the
tumour cells and the mouse from which they were
derived. Bone marrow transplantation studies in our
laboratory have not identified detectable mitochondrial
transfer between donor and recipient hemopoietic cells in
mice. Mitochondrial uptake by damaged cells has also
been described, both for free extracellular mitochondria
[6] and for mitochondria in micro-vesicles [7], and
therapeutic applications of mitochondrial therapy
following cardiac damage, brain ischemia perfusion
injury and lung inflammation have been described
suggesting physiological mechanisms of mitochondrial
movement between cells [8]. Regarding aging, it is too
early to make predictions about the role and potential
therapeutic use of mitochondrial transfer and thera-peutic
transplantation to promote healthy aging, yet, given our
recent results and the work by others, we expect this field
to become a little more crowded in the years ahead.
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