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Norrin: @ multifunctional
signaling molecule

Norrin is a secreted signaling molecule
that activates canonical Wnt/B-catenin sig-
naling via binding to frizzled 4 (FZD4) or
leucine-rich repeat-containing G protein-
coupled receptor 4 (LGR4) (1-3). So far, the
effects of Norrin on the vascular system
and neurons in the central nervous sys-
tem (CNS) as well as the retina have been
well described. The angiogenic impact
of Norrin on the development of retinal
vasculature was first observed in Norrin-
deficient mice, which showed an abnormal
retinal vascularization with a disturbed
inner blood-retina barrier (BRB) (4). After
Xu and colleagues discovered the Norrin
receptor FZD4 (3), studies revealed the
roles of Norrin/B-catenin signaling in the
development and maintenance of the CNS
and retinal vasculature (5-7). In addition,
Norrin is involved in BRB and blood-brain
barrier formation as well as pathological
retinal neovascularization (6-9). A complex

» Related Article: p. 3069

Glioblastoma is the most common human brain cancer entity and is
maintained by a glioblastoma stem cell (GSC) subpopulation. In this issue
of the JCI, EI-Sehemy and colleagues explored the effects that Norrin, a well-
characterized activator of Wnt/p-catenin signaling, had on tumor growth.
Norrin inhibited cell growth via B-catenin signaling in GSCs that had low
expression levels of the transcription factor ASCL1. However, Norrin had the
opposite effect in GSCs with high ASCL1 expression levels. The modulation
of Norrin expression, with respect to high or low ASCL1 levels in GSCs,
significantly reduced tumor growth in vivo, and subsequently increased

the survival rate of mice. Notably, Norrin mediates enhanced tumor growth
of glioblastomas by activating the Notch pathway. This study clarifies the
opposing effects of Norrin on glioblastoma tumor growth and provides
potential therapeutic targets for glioblastoma treatment.

signaling network has been established for
the angiogenic role of Norrin that involves
the proangiogenic transcription factor
Sox17, angiogenic factors for vessel forma-
tion as well as maturation, and the core-
ceptor tetraspanin 12, which specifically
enhances Norrin signaling (9-12).

Again, the impact of Norrin on reti-
nal neurons was first observed in Norrin-
deficient mice, which have a continuous
loss of retinal ganglion cells (RGCs) (4).
Vice versa, overexpression of Norrin in the
eye leads to an increase in retinal neurons
(13). During development, Norrin medi-
ates signaling downstream of hedgehog,
promoting retinal progenitor cells to reen-
ter the cell cycle (14). Furthermore, the
expression of Norrin in astrocytes appears
to regulate the formation of neuronal den-
drites and spines (15). In addition, after
retinal damage Norrin mediates protec-
tive effects on RGCs and photoreceptors
(16-20). The neuroprotective effects of
Norrin on acutely damaged RGCs are
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mediated by an enhanced expression of
leukemia inhibitory factor via B-catenin
signaling in Miiller cells (16, 20).

Opposing effects of Norrin on
glioblastoma stem cells
In glioma cell lines and primary human
gliomas, enhanced Norrin expression
was observed when compared with oth-
er tumors. Interestingly, no difference
in FZD4 expression was detected. The
enhanced expression of Norrin in gliomas
encouraged El-Sehemy and colleagues
(21) to correlate Norrin expression with the
survival rate of patients with glioblastoma,
neuroblastoma, and astrocytoma. Their
results strongly suggested that Norrin has
an inhibitory effect on tumor progression.
To analyze the potential underly-
ing mechanism for the Norrin-mediated
tumor-inhibitory effects, the researchers
knocked down Norrin or FZD4 expression,
and overexpressed Norrin in human fetal
neuronal stem cells (NSCs). Norrin and
FZD4 knockdown led to an inhibited pro-
liferation, whereas overexpressing Norrin
had the opposite effect. However, in pri-
mary patient-derived glioblastoma stem
cells (GSCs), a subpopulation of glioblas-
toma cells, the Norrin effects on GSC pro-
liferation and sphere formation depended
on the expression of ASCL1, a basic helix-
loop-helix transcription factor. In GSCs
with low ASCL1 expression, the knock-
down of Norrin and FZD4 enhanced prolif-
eration and sphere formation, whereas the
overexpression of Norrin inhibited both
proliferation and sphere formation via
activating canonical Wnt/fB-catenin sig-
naling. However, in GSCs with high ASCL1
expression, Norrin knockdown inhibited
growth, while FZD4 knockdown failed to
reduce proliferation, indicating that Nor-
rin signaling acts independently of FZD4
in these cells. Further, in GSCs with high
ASCL1 expression Norrin enhanced Notch
signaling. Thus, the expression level of
ASCL1 in GSCs is crucial for the opposing
effects of Norrin as well as the activation of
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different downstream pathways. Intrigu-
ingly, in vivo experiments in mice revealed
that modulating Norrin transcription in
GSCs with high or low ASCL1 expression
affects tumor progression and leads to
increased survival rate (21).

Even though the molecular interactions
between Norrin and Notch signaling remain
unclear, El-Sehemy and colleagues clearly
demonstrate that Norrin-mediated Notch
signaling, independent of FZD4, promotes
tumor progression in GSCs, whereas Nor-
rin-activated canonical Wnt/p-catenin sig-
naling leads to an opposite effect (21).

Unanswered questions and
future directions
The findings of EI-Sehemy and colleagues
fundamentally contribute to the under-
standing of glioblastoma tumor biology
and of the Norrin-mediated signaling
network (21). The authors used state-
of-the-art technologies to analyze the
molecular mechanism of Norrin-induced
cell proliferation in glioblastoma and
the underlying pB-catenin-independent
Notch signaling mechanism. Moreover,
El-Sehemy and colleagues demonstrated
that, depending on the expression level of
ASCLI, reduced as well as enhanced Nor-
rin expression can lead to an increased
survival rate of mice (21). Although there
are significant technical challenges in the
treatment of patients using siRNA, mod-
ulating Norrin signaling could provide a
promising option to treat glioblastoma.
It would be helpful to analyze the under-
lying mechanism of Norrin-mediated
Notch signaling in detail to find further
options to block this signaling cascade.
As mentioned previously, Norrin pro-
motes neural progenitor self-renewal and
increases the number of retinal neurons
in transgenic mice (13, 14). Because Notch
signaling is involved in the development
and regeneration of the retina and several
other tissues (22, 23), one question that
should be addressed is whether Norrin
mediates these functions in retinal pro-
genitors via the activation of Notch sig-
naling and whether this potential down-
stream signaling of Norrin has protective
or regenerative effects on retinal neurons.

Intriguingly, in the retina, Notch sig-
naling inhibits vascular development and
the formation of pathological neovascular-
ization (for a review see ref. 24). Because
Norrin has opposing effects on retinal vas-
culature, it is tempting to speculate wheth-
er Norrin could enhance Notch signaling
in retinal microvascular endothelial cells
as a negative feedback loop to avoid exces-
sive vessel formation.

Overall, the findings of EI-Sehemy and
colleagues (21) are a milestone for a better
understanding of glioblastoma tumor biol-
ogy and Norrin signaling.
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