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to treat organ fibrosis mainly target fibro-
blasts, this paper certainly offers new
therapeutic perspectives by identifying
other non-hematopoietic cells, such as,
for instance, epithelial cells, as potential
targets.
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In arecent issue of Cell, Yao et al. use a unique genetic strategy to study sonic hedgehog-medulloblastoma.
Their results reveal a complex network in the tumor microenvironment involving the trans-differentiation of
cancer cells into astrocytes to fuel tumor growth.

Driving your car to work, playing ball with
the kids, or even walking to the kitchen to
have breakfast every morning—the cere-
bellum coordinates of all these actions.
This part of the brain is a vital player in
fine movement and coordination, but it is
also the origin of the most common solid
cancer in children: medulloblastoma
(MB). Out of the four MB subtypes (Hov-
estadt et al.,, 2020), sonic hedgehog
(SHH)-MB is a genetically simple brain tu-
mor that has been studied in great detail.
Building on this well-established brain tu-
mor subtype, the authors have analyzed
the surrounding microenvironment to
made a striking discovery: the cell or
origin of this tumor is not only able to
generate cancer cells but also its own
microenvironment, which corrupts resi-
m

Gheck for
Updates

dent brain cells to foster tumor growth
(Figure 1).

During normal cerebellar development,
granule neural progenitors (GNPs),
located in the outermost layer of the cere-
bellum, named external granule layer
(EGL), undergo massive proliferation
regulated by the SHH receptor patched-
1. However, a constitutive activation of
SHH-dependent signaling in the GNPs
could result in MB (Hovestadt et al.,
2020). When SHH is not present,
patched-1 prevents cells from growing
and dividing by repressing the G protein-
coupled receptor smoothened (SMO).
Based on its role in preventing cells from
proliferating in an uncontrolled way,
PTCHT1 is one of the best-known tumor
suppressor genes in SHH-MB. Germline

mutations in PTCH1 can result in develop-
ment of MB (Hovestadt et al., 2020), and
mice bearing heterozygous mutations of
Ptch1 have been shown to faithfully
model the human disease. Moreover, it
has been shown that p53 loss can
enhance the SHH-driven tumorigenesis
and the incidence of MB in a Ptch1*/~
background mice.

Available SMO inhibitor vismodegib
induced positive therapeutic responses
in PTCH1 mutated SHH-MB (Hovestadt
et al., 2020). However, bone morbidities
in small children derived from its
use have limited this therapeutic option
(Hovestadt et al., 2020). Consequently,
alternative approaches are highly needed.
The authors argued that exploring the
tumor microenvironment (TME) might
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Figure 1. MADM Uncovers Microenvironment Crosstalk in SHH-MB

Granule neural progenitors (GPNs) located in the external granule layer (EGL) of the cerebellum are the cell
of origin of SHH-MB. The technique MADM s allows the authors to trace mutant cells that are differentially
labeled in green in contrast to red cells. GFP+ mutant GNPs form tumors (TUGNPSs) and trans-differentiate
into tumor-derived astrocytes (TuAstrocytes). This process establishes a novel network in the TME, since
TuAstrocytes activates microglia in an IL-4-dependent manner that leads to the production of insulin

growth factor (IGF-1), which is the final inducer of TUGNP proliferation. GN, granule neurons.

uncover novel vulnerabilities of this child-
hood tumor.

With the objective of obtaining the high-
est temporospatial resolution of TME, Yao
et al. (2020) have applied an elegant tool
termed Mosaic Analysis with Double
Markers system (MADMs). This method
allows for the generation of genetic mosa-
icism in mice in which sibling mutant
and wild-type cells are labeled with
different fluorescent markers. MADMs
makes use of Cre-loxP-dependent inter-
chromosomal mitotic recombination to
generate uniquely labeled homozygous
mutant cells in an otherwise heterozygous
background in mice (Zong et al., 2005).
MADMs represents a tool to model
different types of cancers (Muzumdar
et al., 2016), as it allows to generate con-
ditional knockouts of tumor suppressor
genes creating sparse loss-of-heterozy-
gosity events to follow tumor progression
in vivo. In the context of SHH-MB, the rar-
ity of p53 null cells, resulting from the low
efficiency of recombination between two
homologous chromosomes, allows to
mimic the clonal origin of cancer in human
patients and the possibility to track the
different subpopulations throughout the
entire tumorigenic process.
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In their model, Math1-driven Cre, which
is specifically expressed in GNPs,
together with MADMSs generates red fluo-
rescent protein (RFP)*p53** and green
fluorescent protein (GFP)*p53~~ GNPs
in a Ptch1*/~ mouse. This strategy allows
the authors to track the tumor originating
cells, those labeled in green (p53*/*,
Ptch1*/~, GFP™).

The simple genetic makeup of this tu-
mor and the fast growth rates in the
brain derived from SHH pathway activa-
tion are in sharp contrast to the well-
known poor ability of these cancer cells
to grow in vitro. This simple fact sug-
gests that additional non-cancer com-
ponents of the TME might play a critical
role in SHH-MB progression. Previous
research efforts have proposed that
the microenvironment is key in the
biology of brain tumors. Yao et al.
(2020) demonstrate that the tumor and
its surrounding microenvironment co-
evolve, establishing new intercellular
networks.

What do we do when we arrive to a new
place for living? We tend to remove things
that we don’t like; we make friends with
the neighbors; we decorate our house
with things that make us feel better. In
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summary, we influence and modify the
surroundings to make our lives easier.
Cancer cells perform a similar process
within the hostile brain ecosystem to
make the environment better suit
their needs.

The brain as a soil is unique (i.e.,
the extracellular matrix and many of the
tissue-resident cell types—microglia, as-
trocytes, and neurons—are not found
anywhere else); it is physically isolated
by the blood-brain barrier, and homeosta-
sis is governed by huge metabolic de-
mands, and local defensive strategies
are designed to neutralize potential
threads as soon as possible to compen-
sate for the limited regenerative potential
of this organ. Cancer cells have to deal
with and overcome all these aspects in or-
der to survive and colonize.

Yao et al. (2020) report that one strategy
that cancer cells use is to promote their
survival is to generate their own microenvi-
ronment. As demonstrated previously, MB
cells are not able to grow under in vitro
conditions; therefore, the authors hypothe-
sized a strong contribution from the
TME, focusing on the glial compartment:
astrocytes and microglia. Unexpectedly,
the authors found that 100% of tumor-
associated astrocytes are GFP+, indi-
cating that they are most likely derived
from tumor GNPs (TuGNPs) rather than
normal astrocytes (Yao et al., 2020). To
rule out technical caveats with this inter-
pretation, the authors provide additional
supporting evidence as well as develop
different genetic strategies that supported
their hypothesis. Among them, they
showed that astrocytes have the identical
chromosomal loss of PTCH1 locus as
surrounding tumor cells in both patient-
derived MB samples and in the MB mouse
model. This indicates that the astrocytes
are likely tumor derived. Although their
findings suggest this conclusion, addi-
tional work is needed to definitely demon-
strate the main claim of this publication.

The authors go on to show that these
tumor-derived astrocytes (TuAstrocytes)
produce interleukin (IL)-4, which hijacks
microglia function for the benefit of the tu-
mor. IL-4-stimulated microglia modify
their own secretome and start producing
the cytokine IGF-1, which signals back
to cancer cells to promote MB outgrowth.
This complicated multicellular network
involving cancer cells and various compo-
nents of the microenvironment provides a
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potential explanation to the difficulties of
culturing MB cells in vitro by their own.
Therefore, these findings indicate that
the tumor is modifying its own environ-
ment by promoting the trans-differentia-
tion of TUGNPs into TuAstrocytes to fuel
tumor growth.

The next logical question, which was
not addressed in the manuscript (Yao
et al., 2020), is what would be the mecha-
nism regulating trans-differentiation of
cancer cells into astrocytes. trans-differ-
entiation, in contrast to reprogramming,
does not require full reversal of the original
cell of interest into a pluripotent stem cell
to give rise to another cell type. In some
cases, trans-differentiation is a one-step
process, while in others, the cells pass
through one or several intermediate
states. It has been discussed before
that cancer stem cells can potentially
trans-differentiate to lineages other than
the one from which the tumor arose
(Shekhani et al., 2013). The trans-differen-
tiation process from TuGNPs is quite
shocking, because GNPs normally do
not generate astrocytes, and thus, the
progenitors of normal astrocytes and
TuAstrocytes differ both temporally and
spatially.

Previous publications have partially
addressed the potential origin of
disease-associated astrocytes. The high
functional variability of astrocytes in
health (Khakh and Sofroniew, 2015) might
originate from existing differences at the
level of progenitor cells. Alternatively,
injury has been shown to activate quies-
cent progenitors present in the murine
adult brain that give rise to de novo-
generated astrocytes (Benner et al,
2013). Also, the local environment where
astrocytes perform their function (i.e.,

perivascular) (Bardehle et al., 2013) could
contribute to shape different functional
subtypes. Most likely, astrocytes will
evolve throughout the course of brain dis-
orders. For instance, in the context of
brain metastasis, reactive astrocytes
play an anti-metastatic role that limits
disease progression during early stages
(Valiente et al., 2014), while later on, they
become strongly pro-metastatic (Priego
et al., 2018). Thus, a comparative analysis
of the presence of trans-differentiated
TuAstrocytes with other brain tumors as
well as a more detailed characterization
of the molecular regulation of this process
is highly needed.

Understanding the regulatory mecha-
nisms of emerging tumor-associated
intercellular networks are important not
only to fully explain the biology of brain tu-
mors but also to develop innovative ther-
apies targeting not cancer cells directly,
but the altered microenvironment.
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