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Study illuminates role of cerebrospinal fluid in
brain stem cell development
CSF holds potential clues to brain tumors

Cerebrospinal fluid (CSF),
the fluid found in and around
the brain and spinal cord,
may play a larger role in the
developing brain than
previously thought,
according to researchers at
Children's Hospital Boston. A
paper published online
March 10th by the journal
Neuron sheds light on how
signals from the CSF help
drive neural development.
The paper also identifies a
CSF protein whose levels
are elevated in patients with
glioblastoma, a common
malignant brain tumor,
suggesting a potential link
between CSF signaling and
brain tumor growth and
regulation.
The study, led by senior
investigator Christopher
Walsh, MD, PhD, chief of the
Division of Genetics at
Children's, adds to a very
small body of literature on
the normal physiological
roles of CSF in neural
development. It harkens
back to ancient and medieval
thinking about CSF – not the
brain itself -- as the locus of
the mind.
Walsh and colleagues
became aware of the role of
the CSF while studying how
stem cells in the brain

establish polarity -- distinct
regions within a cell. All stem
cells in the brain contain
groups of proteins, known as
apical protein complexes,
that work together to
establish polarity. They also
play a role in telling stem
cells whether to continue
dividing or to become
neurons.
The researchers noticed that
these apical proteins are
expressed on the parts of the
stem cell that are in contact
with the CSF, and that stem
cells actually send tiny
protruding processes called
cilia, that act almost like
antennae, directly into the
CSF. They suspected that
signals to initiate or curb
stem cell growth were
coming from the CSF. But
how?
They found that two proteins
within the apical complex,
Pals1 and Pten, were
interacting with the Igf1
receptors in the stem cells,
relocating the receptors to
the boundary between the
stem cells and the CSF. This
allowed the receptors to be
stimulated by the CSF
protein Igf2. When Pals1 or
Pten were disrupted, the
cell's ability to receive
signals from the CSF was

impaired, and stem cell
growth was altered.
"When we deleted Pals1 in
mice, we disrupted the
normal assembly of the
apical complexes, which
then led to loss of polarity in
the stem cells," said Maria
Lehtinen, PhD, in Walsh's
laboratory, one of the study's
first authors. "This disruption
of polarity impaired the stem
cells' ability to divide
appropriately."
This, in turn, dramatically
curtailed brain development.
"These mice essentially have
no cortex," Lehtinen said.
Pten, they found, has the
opposite effect: its disruption
caused the creation of too
many stem cells, an effect
previously associated with
tumor formation.
When the Children's team
interbred the mutant Pals1deficient mice with Ptendeficient mice, they were
able to reactivate stem cell
growth in the brain artificially.
"We saw a nearly complete
restoration of brain size,"
said Lehtinen.
The team then focused its
attention on the CSF,
showing that the Igf2

concentration in CSF
regulates the rate of stemcell proliferation. Moreover,
they found that the
concentrations of Igf2 and
hundreds of other CSF
proteins change over time,
peaking near birth in rats and
mice. The Igf2 peak occurs
at the time when the cortex
is most actively developing.
The researchers explored
these dynamic fluctuations
by floating young brains in
old CSF and old brains in
young CSF.
"We found that the stem cells
really behaved according to
what CSF they were in," said
Walsh. "The CSF is really
telling the brain what to do.
It's telling the stem cells to
either divide a lot if you're in
the embryonic brain, or if
you're in the adult brain, just
rest, and we'll tell you if we
need you."

A better understanding of the
Igf2 signaling pathway, the
stem cell's apical complex
proteins that interact with it,
and the temporally-driven
changes in the CSF could
lead to increased
understanding of some brain
tumors, including
glioblastoma.
"It may be that too much Igf2
in the CSF sets up an
environment that promotes
tumorigenesis, adding to
genetic changes in the brain
tumor stem cells
themselves," said Walsh.
In principle, the CSF is
accessible for treatment
purposes, so it could
potentially be altered to
inhibit brain tumorigenesis.
This study did not explore
direct clinical applications,
however.

"One insight we found is that
the CSF seems to have all
the stuff in it that you need to
regulate stem cells – to keep
them alive and to tell them
whether to proliferate or
rest," said Walsh. "That gives
us the potential to really
understand much more
clearly how we want to
regulate those stem cells,
acting through this medium.
Hopefully we can soon get a
better understanding of how
to control brain stem cells so
we can use them for many
experimental or therapeutic
applications."
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