
 

Heart disease, leukemia linked to dysfunction
in nucleus
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In the image, a super-enhancer driven cell identity gene (red dot) localizes in
close proximity to the nuclear envelope (green) in the nucleus of human primary
lung fibroblasts (blue). Credit: Salk Institute

We put things into a container to keep them organized and safe. In cells,
the nucleus has a similar role: keeping DNA protected and intact within
an enveloping membrane. But a new study by Salk Institute scientists,
detailed in the November 2 issue of Genes & Development, reveals that
this cellular container acts on its contents to influence gene expression.

"Our research shows that, far from being a passive enclosure as many
biologists have thought, the nuclear membrane is an active regulatory
structure," says Salk Professor Martin Hetzer, who is also holder of the
Jesse and Caryl Philips Foundation chair. "Not only does it interact with
portions of the genome to drive gene expression, but it can also
contribute to disease processes when components are faulty."

Using a suite of molecular biology technologies, the Salk team
discovered that two proteins, which sit in the nuclear envelope, together
with the membrane-spanning complexes they form, actively associate
with stretches of DNA to trigger expression of key genes. Better
understanding these higher-level functions could provide insight into
diseases that appear to be related to dysfunctional nuclear membrane
components, such as leukemia, heart disease and aging disorders.

Historically, the nuclear membrane's main purpose was thought to be
keeping the contents of the nucleus physically separated from the rest of
the cell. Complexes of at least thirty different proteins, called
nucleoporins, form gateways (pores) in the membrane, controlling what
goes in or out. But as the Hetzer lab's work on nucleoporins shows, these
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nuclear pore complexes (NPCs), beyond being mere gateways into the 
nucleus, have surprising regulatory effects on the DNA inside.

"Discovering that key regulatory regions of the genome are actually
positioned at nuclear pores was very unexpected," says Arkaitz Ibarra, a
Salk staff scientist and first author of the paper. "And even more
importantly, nuclear pore proteins are critical for the function of those
genomic sites."

Curious about all the regions of DNA with which nucleoporins
potentially interact, the team turned to a human bone cancer cell line.
The scientists used a molecular biology technique called DamID to
pinpoint where two nucleoporins, Nup153 and Nup93, came into contact
with the genome. Then they used several other sequencing techniques to
understand which genes were being affected in those regions, and how.

The Salk team discovered that Nup153 and Nup93 interacted with
stretches of the genome called super-enhancers, which are known to help
determine cell identity. Since every cell in our body has the same DNA,
what makes a muscle cell different from a liver cell or a nerve cell is
which particular genes are turned on, or expressed, within that cell. In
the Salk study, the presence of Nup153 and Nup93 was found to regulate
expression of super-enhancer driven genes and experiments that silenced
either protein resulted in abnormal gene expression from these regions.
Further experiments in a lung cancer cell line validated the bone cancer
line results: Nucleoporins in the NPC were found to interact with
multiple super-enhancer regions to drive gene expression, while
experiments that altered the NPC proteins made related gene expression
faulty, even though the proteins still performed their primary role as
gatekeepers in the cell membrane.

"It was incredible to find that we could perturb the proteins without
affecting their gateway role, but still have nearby gene expression go
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awry," says Ibarra.

The results bolster other work indicating that problems with the nuclear
membrane play a role in heart disease, leukemia and progeria, a rare
premature aging syndrome.

"People have thought the nuclear membrane is just a protective barrier,
which is maybe the reason why it evolved in the first place. But there are
many more regulatory levels that we don't understand. And it's such an
important area because so far, every membrane protein that has been
studied and found to be mutated or mis-localized, seems to cause a
human disease," says Hetzer.

  More information: Nucleoporin-mediated regulation of cell identity
genes, Genes & Development, DOI: 10.1101/gad.287417.116 , 
genesdev.cshlp.org/content/ear … .287417.116.abstract
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