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Importantly, expression of mHTT by itself does not confer HD
pathology (Zeron et al., 2002; Okamoto et al., 2009). Thus,
there are other proteins or signaling pathways involved
in mediating mHTT-induced neurodegeneration. A major
breakthrough in HD research came with the discovery
that Rhes preferentially binds mutant over wild-type HTT

Figure 1: Processing of mHTT protein in neurons and its further
modification by Rhes, leading to neurotoxicity and neurodegeneration.

As would be expected, co-expression of Rhes and a mHTT
protein reduced neuron viability, while silencing of the Rhes
gene protected the cells from mHTT-mediated neurotoxicity
in an in vitro neuron model of HD (Seredenina et al., 2011) (Fig.
1). Interestingly, mHTT is not the only protein targeted by
Rhes for SUMOylation as Rhes enhances cross-SUMOylation
between the SUMOylating enzymes E1 and Ubc9 and Rhes
knockout mice have reduced levels of general SUMOylation
in their striata (Subramaniam et al., 2010).
The role of Rhes in HD was further confirmed in vivo with a
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HD is an autosomal dominant neurodegenerative disorder
characterized by >35 CAG repeats in the huntingtin gene,
resulting in expression of mHTT that contains multiple
glutamine residues (a.k.a. polyglutamine or polyQ
repeats). HD is incurable and untreatable, causing deficits
in movement, cognition, and mood. Neurons expressing
mHTT are selectively lost in striatal and cortical neurons,
despite the ubiquitous expression of the mutant protein in
cells throughout the brain and peripheral tissues (Harrison,
2012; Harrison and LaHoste, 2013). mHTT exists in two
forms in neurons: 1. toxic soluble monomer form and 2.
aggregates or inclusions which sequester the protein. These
insoluble aggregates are believed to be neuroprotective
(Saudou et al., 1998; Gong et al., 2008; Lu and Palacino, 2013)
(Fig. 1). mHTT is modified by multiple post-translational
modifications (PTMs), including SUMOylation. This PTM
causes deaggregation of the inclusions, releasing the soluble
mHTT monomers and increasing neurotoxicity (Steffan et al.,
2004) (Fig. 1).

and acts as a SUMO E3 ligase to SUMOylate mHTT in vitro
(Subramaniam et al., 2009) (Fig. 1). SUMOylation of mHTT by
Rhes increases levels of soluble mHTT and augments mHTTmediated neurotoxicity via deaggregation of inclusions and/
or reduced inclusion formation (Subramaniam et al., 2009).
Rhes is also SUMOylated itself (Subramaniam et al., 2009).
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The small G-protein Rhes (Ras Homolog Enriched in Striatum)
is a 266 amino acid protein found predominantly in striatum,
and to a lesser extent, the cerebral cortex (Falk et al., 1999).
Recent research has revealed that this GTPase may be key
to understanding the paradoxical finding that while many
different types of cells throughout the brain and body
express wild-type and mutant huntingtin protein (mHTT),
striatal neurons (and to a degree, cortical neurons) have a
selective vulnerability in Huntington’s disease (HD) (Harrison,
2012; Harrison and LaHoste, 2013).
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HD transgenic mouse model crossed with Rhes knockout mice. These double
transgenic mice experienced a significantly delayed and decreased onset of HDassociated symptoms (Baiamonte et al., 2013). Similarly, a striatal specific in
vivo HD model was not reproduced in Rhes knockout mice (Mealer et al., 2013).
This finding demonstrates that Rhes depletion protects neurons from the cell
death and motor deficits induced by the HD-causing treatment in normal mice
(Mealer et al., 2013).
A study examining the mechanisms mediating the selective neurodegeneration
of striatal neurons has focused on the differential activation of synaptic versus
extrasynaptic NMDA receptors (Okamoto et al., 2009). This study also shed
light on the role of Rhes in NMDA receptor-mediated mHTT neurotoxicity. The
authors found that synaptic NMDA receptor activity is necessary for, and in
fact promotes, the formation of mHTT inclusions (Okamoto et al., 2009). The
presence of mHTT, compared to WT HTT, increased a neuron’s vulnerability
to excitotoxic insult (Zeron et al., 2002; Okamoto et al., 2009). Blockade of
the extrasynaptic NMDA receptors protected mHTT-expressing neurons from
excitotoxicity (Okamoto et al., 2009). This neuroprotective effect involves
Rhes, as blocking the extrasynaptic NMDA receptors decreased Rhes protein
levels, implicating elevated Rhes levels in mHTT-mediated neurotoxicity during
stimulation of extrasynaptic NMDA receptors (Okamoto et al., 2009). These
findings suggest that selective blockade of extrasynaptic NMDA receptors could
serve as a beneficial therapy for protecting neurons susceptible to HD.
As additional tools for studying the PTMs of proteins, including GTPases,
become available, advances in our understanding of a cell’s physiological and
pathological processes will follow. Tools to study PTMs will offer clear benefits
to both pre-clinical and clinical researchers in neuroscience, cardiology, and
oncology.
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