Location matters: A recent study provides a new viewpoint on how loss of
UBE3A causes Angelman syndrome

Angelman syndrome (AS) is caused by mutations or deletions that result in the loss
of functional UBE3A protein. However, despite many years of research, it remains
unclear where in the cell UBE3A performs its function and how the loss of UBE3A
causes AS. A collaboration of three research groups in The Netherlands (Ben Distel,
Amsterdam UMC, Amsterdam), Steven Kushner and Ype Elgersma (both at
Erasmus MC, Rotterdam) has now resulted in a remarkable new viewpoint: UBE3A
has a critical role in the nucleus and loss of nuclear UBE3A causes Angelman
Syndrome. The study is published in this month’s issue of Nature Neuroscience.

Neurons form the computing core of our brain and communicate with each other
through synaptic connections. Previous work of several research groups has
established that the synapses of AS mouse models function suboptimal, and this
deficit is likely underlying the severe neurodevelopmental delay. Since UBE3A is
present in synapses, almost all research on UBE3A has focused on its role in the
synapse, but its precise role remains elusive. However, UBE3A is also present in
other places of the neuron, in particular it is highly abundant in the nucleus of
neurons. The nucleus contains the DNA of the cell, and hence dictates the function
of a cell. In the new study, the Dutch research team revealed precisely how UBE3A
is able to get into the nucleus. They showed that UBE3A is able to bind to a protein
called PSMD4, and that this binding is critical for bringing UBE3A into the nucleus.

Since nuclear localization of UBE3A is highly controlled, the team reasoned that the
nuclear localization might be important for AS pathophysiology. Hence, they
investigated if UBE3A mutations found in AS patients disrupt the targeting of UBE3A
to the nucleus. Indeed, they describe three AS-associated UBE3A mutations in which
UBE3A is no longer present in the nucleus.

To investigate this further, the team made use of the observation that the UBE3A
protein comes in two different sizes (called isoforms). The authors showed that only
the shorter form is present in the nucleus. The longer form of UBE3A is absent in
nuclei and dispersed throughout the neuron (for instance in synapses). To further
investigate the importance of the two UBE3A isoforms and their differential
localization, the researchers generated two mouse models that either made the
nuclear (short) UBE3A protein or the non-nuclear (long) UBE3A protein. Consistent
with an important role of UBES3A in the nucleus the researches showed that mice
which specifically lack nuclear UBE3A, highly resembled AS mice that lack UBE3A
altogether. Not only did these mice show behavioral deficits, also the synapses of
these mice were no longer functioning properly. In contrast, mice that lacked the non-
nuclear (long) UBE3A appeared unaffected.

The authors indicate that these findings change the current view of how UBE3A
causes AS. The team suggests that future studies should elucidate the precise role
of UBE3A in the nucleus and how this role relates to the pathophysiology of AS. This
knowledge is important to develop new treatments.

This study was funded in part by ASA through research grants to Ben Distel, Geeske
van Woerden and Ype Elgersma.
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