
 

Flow of spinal fluid disrupted in inherited
developmental disorder
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Cilia on ependymal cells are essential for the flow of cerebrospinal fluid in the
brain. Left shows normal mouse, and right shows cilia from ependymal cells with
mutated SHP2 gene. Credit: Cheng-kui Qu.

Scientists have pinpointed the mechanism behind hydrocephalus, an
accumulation of cerebrospinal fluid around the brain, in an inherited
developmental disorder called Noonan syndrome.
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The results were published online on March 20 in Science Signaling.

In a mouse model of Noonan syndrome's effects on the brain, Cheng-
Kui Qu, MD, Ph.D. and colleagues observed defects in the cilia on
ependymal cells, which are essential for the flow of cerebrospinal fluid.

The findings will aid in differential diagnosis of Noonan syndrome
versus closely related disorders, and also advance a potential treatment
for hydrocephalus in the context of Noonan syndrome.

Qu is professor of pediatrics at Emory University School of Medicine
and Aflac Cancer and Blood Disorders Center, and a Children's
Healthcare of Atlanta Research Scholar. First author Hong Zheng, Ph.D.
is a postdoctoral fellow.

Noonan syndrome is caused by mutations in the SHP2 gene that result in
hyperactivation of the enzyme it encodes. It is a developmental disorder
including congenital heart disease, dysmorphic facial features, short
stature, and intellectual disability. Patients with Noonan syndrome also
have an increased risk of developing hematological malignancies.

A distinct set of inactivating mutations in the SHP2 gene cause a highly
related disorder – Noonan syndrome with multiple lentigines (formerly
called LEOPARD syndrome), which Qu says can be difficult to
distinguish from its Noonan syndrome. Hydrocephalus could be used for
differential diagnosis and prognosis, he says.

Qu's lab created a mouse that had the SHP2 gene altered only in brain
cells and these mice displayed hydrocephalus. By electron microscopy,
Zheng could see changes in the structure of cilia on ependymal cells,
which line the ventricles in the brain. The cilia were shorted and
disorganized-looking. This defect appeared to come from something
intrinsic to developing cells, because aberrant development in ependymal
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cells and their cilia could be seen in neural stem cells grown in culture.

SHP2 encodes a tyrosine phosphatase, an enzyme that regulates signals
from several growth factors. The researchers were able to narrow down
which downstream signaling pathway was responsible for the cilia
defects: STAT3. They were also able to track how different mutations
that affect the SHP2 enzyme activities impacted ependymal cell
development.

SHP2 inhibitors are being investigated as anticancer drugs. Qu's team
used an SHP2 inhibitor in a culture system to rescue problems in
ependymal cells. This suggests that those medications might be a tool for
controlling the progression of hydrocephalus in Noonan syndrome
patients.

  More information: Hong Zheng et al. Gain-of-function mutations in
the gene encoding the tyrosine phosphatase SHP2 induce hydrocephalus
in a catalytically dependent manner, Science Signaling (2018). DOI:
10.1126/scisignal.aao1591
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