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ABSTRACT

All blood cells are made in the bone marrow with an estimated production of 1 million white cells per second. In response to
infection white cell production increases threefold. Such a production requires energy provided by mitochondria. Our study reveals
how blood stem cells acquire mitochondria from support cells, without which our immune system would not function.

Salmonella is a bacterial infection and one of the
most common causes of food poisoning worldwide.
Symptoms can include diarrhoea, vomiting,
abdominal pain and fever. The majority of people
recover within a few days without treatment,
however, people who have a weakened immune
system including young children and the elderly are
at a greater risk of becoming critically ill.

The immune system is made up of many cell types
which develop from immature cells called blood
This better

haematopoiesis, occurs in the bone marrow and

stem cells. process, known as

requires the support of non-blood cells.

An average human produces around one trillion
mature blood cells per day. This number increases
during infections such as Salmonella. Increased
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haematopoiesis requires a lot of energy, but it is still
unclear how blood stem cells acquire enough energy
to respond to such challenges. In our study we found
that the stem cells rely on other cells to provide the
energy needed for the immune system response.

Cells make their energy in structures called
mitochondria, which are like tiny batteries providing
the energy in the form of a molecule called ATP. ATP
is produced in the mitochondria from sugar and fat
with the help of oxygen, a process known as
(OXPHOS).  The

mitochondria move around the cell in networks and

oxidative phosphorylation

are constantly fusing and splitting from this network
to provide ATP to the parts of the cell that need it.
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In response to Salmonella infection blood stem cells
can acquire more energy by increasing the amount
of mitochondria within 2 hours of sensing the
infection. How is this possible? To determine if more
mitochondria are supplied to the blood stem cells by
bone marrow support cells, we generated a
humanized mouse model. This model has human

blood stem cells, but all bone marrow support cells
come from the mouse. This enables us to determine
if mitochondria are transferred from mouse cells to
human cells, as we can easily recognize the mouse
mitochondria inside the human cells. To simulate
infection, we exposed these humanized animals to
Salmonella components and discovered that the
isolated blood stems cells contained mouse
mitochondria. Together with other experiments, this
confirmed that mitochondria could move from bone
marrow support cells to blood stem cells in response
to infection.

We then wanted to know if the transferred
mitochondria allowed the blood stem cells to
produce more ATP, which would allow increased
blood cell production. We showed that blood stem
cells from Salmonella infected animals had increased
OXPHOS and consequently more ATP. Moreover, we
found out that blocking ATP production prevented

mitochondrial transfer from support cells to blood
stem cells.

Finally, we wanted to determine which support cells
of the bone marrow were donating their
mitochondria to blood stem cells. We examined a
number of different types of cells found in the bone
marrow and discovered that the stromal cells are
responsible for this transfer of mitochondria.
Moreover, we discovered that direct cell-to-cell
contact was required between them for this transfer
of mitochondria to occur.

In conclusion, we found that the stromal cells of
bone marrow transfer their power-generating
mitochondria to neighbouring blood stem cells to
enhance generation of immune cells, which are
required for our body’s response to infections. We
showed that stromal cells and blood stem cells have
to come in direct contact for mitochondrial transfer
to occur and that if mitochondrial transfer is blocked,
the infection is not fought. Our discoveries
strengthen our knowledge on the body’s fight
against infections and we hope they will contribute
to the development of new therapeutic approaches
in the future.
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