New drug pathway linked with tuberous
sclerosis
24 June 2020
Tuberous sclerosis complex (TSC) is a
neurological disorder causing non-cancerous
tumors, called cortical tubers, to grow throughout
the brain and body, as well as other conditions like
epilepsy and autism. While medications are used
to treat some of the manifestations of the disease,
safe and more effective treatments targeting
disease at a fundamental level are lacking.

Sahin's team wanted to know more about the
potential relationship between cilia and disrupted
mTOR activity in neurons. "We wanted to see the
crosstalk between these two and see how it was
regulated," says first author Alessia Di Nardo,
Ph.D., research fellow in the Sahin laboratory.

In a mouse model of TSC, they found that the loss
of TSC1/2 protein activity in neurons leads to a
reduction of cilia. They found the same result
New research from the laboratory of Mustafa
Sahin, MD, Ph.D., hopes to change that. In a new studying the giant cells present in cortical tubers
paper published today in Cell Reports, his research brain specimens from TSC patients with epilepsy.
team discovered that a cell signaling pathway
"It is becoming more and more clear that there are
called the heat shock protein cascade may offer
a number of neuropsychiatric disorders that have
new drugs for TSC.
altered cilia, and TSC is among those," says Sahin.
TSC is caused by mutations in either the TSC1 or "This puts the cilia as a potentially novel and
TSC2 genes, which together make proteins known possibly druggable signaling pathway that can be
used to target some of the brain manifestation of
as the TSC1/2 protein complex. This protein
TSC."
complex acts on an important complex called the
mechanistic target of rapamycin complex 1
To identify some of those potential targets, the
(mTORC1). When the TSC1/2 protein complex
fails to inhibit mTORC1, the overall mTOR pathway team set up a drug screening assay. Using mutated
goes into hyperdrive, causing abnormal cell growth rat neuronal cells that lacked TSC1/2, they looked
for compounds that interfered with mTORC1
and other neurological manifestations of the
activity causing loss of cilia.
disease.
"Our top hit was rapamycin, which confirmed that
In this paper, Sahin's team showed that the heat
shock protein signaling machinery restored normal the screen was robust," says Di Nardo. The next
hits included two inhibitors of Hsp90: geldanamycin
mTOR activity.
(GA) and 17-allylamino-geldanamycin (17-AGG).
17-AGG restored cilia in the rat neuronal cells.
"Finding an alternative pathway, like the heat
shock protein pathway, that corrects faulty
mTORC1 signaling, may provide new drug targets TSC mutant neurons not treated and treated
and expand therapeutic landscape for TSC," says with17-AGG, an HSP 90 inhibitor.
Sahin, director of the Translational Neuroscience
Center and the Translational Research Program at "This points to the heat shock response as a
regulator at different nodes within the mTORC1
Boston Children's Hospital.
signaling cascade," she adds.
Cilia are membrane extensions of a cell's surface.
Since 2010, several compounds called rapalogs
Some CNS disorders, like brain malformation,
are FDA-approved for TSC. Rapalogs are
autism, and intellectual disability, are known to
compounds that act like the drug rapamycin and
have mutations in cilia genes and reduced cilia.
are mTOR inhibitors. While rapalogs have some
TSC cells also have less cilia.
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benefit for treating TSC-associated tumors and
suppressing some seizures in some patients, they
are ineffective for neuropsychiatric symptoms. And,
they can have unwanted side effects.
Sahin's lab has been trying to identify alternative
treatments for TSC that might be potentially more
effective, and also maybe even safer than the
rapalogs.
HSP 90 has been used as a target for cancer
development but has not previously been shown as
a target in TSC neurons. The team will now test
drugs that inhibit Hsp90 in neuronal mouse models
of TSC. Looking forward, they envision using this
screening platform for identifying other potential
drugs for TSC-related neuronal cell dysfunction.
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