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Fountain of chaos: cerebrospinal fluid enhancement of
cancer stem cells in glioblastoma
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The process of stem cell self-renewal is tightly regulated and deter-
mines the balance between the generation of differentiated progeny
and the maintenance of a population of stem cells. This basic bio-
logical process is foundational for tissue development and home-
ostasis throughout the body. However, alterations in self-renewal
also underlie pathogenic processes, including cancer, in which
self-renewal is co-opted by a population of therapeutically resistant
cancer stem cells. Therefore, understanding how self-renewal is
regulated has broad implications, including for the treatment of ag-
gressive cancers such as glioblastoma that are driven by a cancer
stem cell population.'The regulation of self-renewal is complex and
occurs through the integration of cell-intrinsic molecular mechan-
isms (which include core pluripotency transcription factors and their
epigenetic accessibility) and cell-extrinsic interactions with the sur
rounding microenvironment, namely the stem cell niche, via soluble
factors and direct cell-cell interactions. While many of the previously
reported regulatory mechanisms are conserved between somatic
and cancer stem cells across tissue types,? the brain contains unique
anatomical aspects, including cerebrospinal fluid, compared to
other organs.

Cerebrospinal fluid is present throughout the brain and
spinal cord and has a variety of key functions during devel-
opment, including ensuring the proper distribution of growth
factors for region-specific morphological gradients.®The cere-
brospinal fluid adjacent to the lateral ventricles is also essen-
tial for normal neural stem cell maintenance and is considered
to be a key part of the neural stem cell niche.* Given (1) the
overlap between neural stem cell and cancer stem cell regu-
latory mechanisms in glioblastoma?; (2) the hypothesis that
more aggressive glioblastoma growth is associated with loca-
tions adjacent to the cerebrospinal fluid-filled lateral ventricles,
an idea that is supported by observations that glioblastomas
closer to the lateral ventricles have a poorer prognosis®®; and
(3) the interest in accessing cerebrospinal fluid to identify bio-
markers of disease aggressiveness and progression,’ there
is a clear need to identify signaling pathways through which

cerebrospinal fluid drives self-renewal. Several observations
support an interaction between cerebrospinal fluid and cancer
stem cells, including that glioblastomas close to lateral vent-
ricles are enriched in cancer stem cell gene signatures® and
that cerebrospinal fluid from glioblastoma patients stimulates
neural stem cell proliferation.® However, the specific signaling
networks underlying these interactions are not clear.

In this issue, Lara-Velazquez et al. reveal a novel signaling net-
work by which cerebrospinal fluid drives cancer stem cell pheno-
types via the SERPINA3 gene that encodes the antiprotease alpha
T-antichymotrypsin protein, a member of the serine protease in-
hibitor family.® Using patient-derived cancer stem cell models, the
authors first observed that cerebrospinal fluid from glioblastoma
patients potently induced migration compared to cerebrospinal
fluid from donors without cancer. A comparative transcriptional
profiling study revealed that SERPINA3 was the top differen-
tially expressed gene in cancer stem cells exposed to cerebro-
spinal fluid from glioblastoma patients compared to non-cancer
control patients. Genetic loss-of-function studies confirmed that
the cancer stem cell migration induced by glioblastoma patient
cerebrospinal fluid was attenuated by SERPINA3 knockdown.
In parallel, genetic gain-of-function studies demonstrated that
SERPINA3 drove invasion, which could also be achieved through
treatment with recombinant alpha 1-antichymotrypsin protein.
Bioinformatics assessments revealed that SERPINA3 was ele-
vated in glioblastoma patients compared to non-cancer patients.
Furthermore, SERPINAS3 levels increased over glioma grade, and
high expression portended poor prognosis. Additional genetic
loss-of-function studies revealed a reduction in proliferation,
colony formation, cancer stem cell marker expression, and tumor
initiation, with a marked decrease in proliferation of SERPINA3
knockdown tumor cells. Mechanistically, SERPINA3 knockdown
potently reduced ERK and MEK phosphorylation. Taken together,
these findings provide compelling evidence for a signaling net-
work initiated by glioblastoma cerebrospinal fluid exposure that
drives cancer stem cell invasion and other phenotypes (Figure 1).
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These initial findings also raise a series of interesting
questions for future studies that have broad implications,
ranging from the basic understanding of tumorigenesis
to translational applications including the development
of next-generation therapeutic approaches to reduce in-
vasion. From these findings, the upstream regulator of
SERPINA3 activation and whether there are canonical
signaling networks that can be neutralized remain un-
known. Comparative proteomics analysis of cerebrospinal
fluid and activated receptors may provide insight into
this open question. Second, as SERPINA3 is a member of
a large family of serine protease inhibitors, the specific
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downstream proteins altered are also not clear. As some
SERPIN family members have been shown to inhibit apop-
tosis, SERPINA3 could also be a cancer stem cell-specific
inhibitor of cell death. This could have potential implica-
tions for resistance to radiation and/or temozolomide.
Third, while the authors mainly focused on SERPINA3,
this family of genes is large (36 human genes), and it is
unclear whether SERPINA3 is the only family member
that is increased upon cerebrospinal fluid exposure and/
or is important for cancer stem cells. Finally, while chal-
lenging in terms of specificity, efforts to develop inhibitors
to attenuate SERPINAS3, either directly or via upstream or
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Fig.1
cells adjacent to the lateral ventricle by the cerebrospinal fluid.

SerpinA3 activation in cancer stem cells adjacent to the lateral ventricle. Schematic depicting the activation of SERPINA3 in cancer stem
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downstream mediators, could be a potential glioblastoma
therapeutic approach.

More broadly, these findings have multiple implications.
This study provides an additional cancer stem cell regulatory
mechanism that requires additional experimental interrogation,
which could reveal novel molecular mechanisms. Given the lo-
calization of cancer stem cells to the cerebrospinal fluid, there
may be additional therapeutic delivery opportunities, including
CAR-T cells, which have been validated in other brain tumors
for cerebrospinal fluid infusion.®This approach is relevant to re-
cent findings focused on optimizing CAR-T cell efficacy against
cancer stem cells in glioblastoma models.”® Taken together,
Lara-Velazquez et al. present a timely and interesting set of
findings that provides the starting point for additional investi-
gations with the potential to impart much needed insight into
glioblastoma and uncover additional therapeutic opportunities.
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