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Looking at protein misfolding neurodegenerative disease through

retinitis pigmentosa

Characteristics of Retinitis Pigmentosa

etinitis pigmentosa (RP) describes a genetically
eterogeneous group of retinal dystrophies that
are characterised by progressive degeneration of
photoreceptor cells in the retina (see RetNet,
http://www.sph.uth.tmc.edu/RetNet/disease.htm). RP is
the most common cause of inherited blindness, and is
estimated to affect one in every 4000 individuals. For
recent reviews of RP and related retinal degenerations
see.

Patients with RP lose vision because of the death of
both rod and cone photoreceptors. The disease is thought
to primarily compromise the function of rod photorecep-
tors and ultimately triggers apoptosis of these neurons. As
rod cell death progresses, cone cell viability is reduced and
further photoreceptor cell death occurs. Clinical exami-
nation by electroretinography reveals a reduced response
from rod photoreceptors (the dim light or ‘scotopic’
response) early in disease and later a defect in the cone
photoreceptors (the daylight or ‘photopic’ response), con-
firming rods as the primary site of pathology. As the dis-
ease progresses examination of the retina typically shows
pigmentation in a ‘bone-spicule’ pattern, pallor of the
optic disc and narrowing of retinal blood vessels.

There is a large diversity in the function of the gene
products that have been implicated in RP, which reflects
the complexity of the retina and photoreceptor specialisa-
tion. These include genes encoding proteins of the photo-
transduction cascade (for example, rhodopsin; the sub-
unit of rod cyclic GMP phosphodiesterase; the subunit of
the rod cyclic GMP-gated channel and arrestin). RP genes
also encode structural proteins of the photoreceptor disc
outer segment, (RDS-peripherin and Rom 1); compo-
nents of the retinoid cycle; extracellular matrix proteins;
proteins involved in cell adhesion; and transcription fac-
tors (CRX, NRL and TULP1). The disease also occurs as a
component of syndromes such as Bardet-Bied’ and
Usher’s'. In Usher’s syndrome (types 1A and 1B) muta-
tions in the genes for harmonin and myosin V11a affect
hair cells of the inner ear and photoreceptors.
Ubiquitously expressed RP proteins, which do not cause
systemic disease, have also been identified. These include
RP2, which is targeted to the plasma membrane.
Mutations in RP2 which prevent this localisation cause an
RP phenotype. The role of RP2 in photoreceptors
remains unclear, but it has been shown to have function-

Figure 1. Comparison of the localisation of wild-type rhodopsin and rhodopsin with the misfolding mutation,
P23H, in cultured neuronal cells. Wild type protein translocates to the plasma membrane (arrowheads),
whereas protein with the P23H mutation forms inclusion bodies, known as aggresomes (arrows).
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al overlap with co-factor C a cellular chaperone involved
in tubulin folding™.

This review focuses on the most prevalent form of RP,
which is caused by mutations in rhodopsin, the receptor
responsible for dim light photoreception in the vertebrate
retina. More than 150 distinct mutations in rhodopsin
have been identified [OMIM 180380] which together
account for 15% of all inherited retinal disease’. The
majority of mutations in rhodopsin cause autosomal
dominant RP.

Misfolding of rhodopsin; toxic proteins and
aggregation

Rhodopsin, the prototypical seven transmembrane G-
protein coupled receptor', consists of the apoprotein
opsin covalently bound to the 11-cis-retinal chro-
mophore. It represents a major protein product of rod
photoreceptors and accounts for over 70% of the total
protein in the outer-segments where rhodopsin dimers
tightly pack the disc membranes'.

Rhodopsin mutations can be divided into two cate-
gories on the basis of the mechanism of pathogenesis.
Mutations at the C-terminus of the protein interfere with
its normal targeting to the photoreceptor outer-seg-
mentl2, whereas mutations in the transmembrane,
intradiscal or cytoplasmic domains result in the misfold-
ing of the protein13. The first misfolding mutation iden-
tified in rhodopsin (also the most frequent ADRP muta-
tion in the US population) is a proline to histidine change
at residue 23 (P23H). Studies in cultured cells have
revealed that misfolded rhodopsin (P23H) undergoes
retrotranslocation from the endoplasmic reticulum (ER)
and degradation by the ubiquitin-proteasome sys-
tem14,15. Saturation of the normal proteolytic machin-
ery causes misfolded ubiquitinated rhodopsin to accumu-
late in pericentriolar cytoplasmic inclusion bodies,
known as aggresomes14,15 (Figure. 1). The formation of
aggresomes has been shown to be dependent on transport
of misfolded proteins by dynein dependent retrograde
transport on microtubules16.

The aggregation and deposition of abnormal protein
has recently been identified as a common characteristic of
a broad range of neurodegenerative disorders, including
Alzheimer’s disease (AD), Parkinson’s disease (PD), prion
encephalopathies and polyglutamine diseases such as
Huntington’s disease (HD)'"”". Pathogenic mutations are
associated with a toxic gain of
function in polyglutamine dis-
eases” and some other protein
misfolding diseases. We have
proposed that misfolded
rhodopsin also acquires a gain
of function that leads to cell
death’. The role of aggregated
protein deposits in disease
pathogenesis is unclear and
there has been considerable
debate whether they are perni-
cious, coincidental or benefi-
cial and this is also the case for
rhodopsin aggregates and
inclusions.

The cellular molecular
chaperone machinery plays a
vital role in the cellular
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response to misfolded proteins® and have been shown to
play a critical role in several neurodegenerative disor-
ders”. Molecular chaperones and components of the
ubiquitin-proteasome degradation system are present in
the aggregates of misfolded protein. Molecular chaper-
ones are known to be involved in rhodopsin folding in
Drosophila and have been shown to be present in
rhodopsin aggresomes”'*.

Improving rhodopsin folding; molecular chaperones
a potential therapy

The common characteristics of neurodegenerative
protein misfolding diseases suggests parallel approaches
to treatment based on an understanding of the normal
cellular mechanisms for disposing of unwanted and
potentially toxic proteins'. The role of chaperones in cor-
rect protein folding and protein degradation clearly iden-
tifies their manipulation as a potential therapy for RP. In
cellular models of polyglutamine disease overexpression
of members of the Hsp70 and Hsp40 families of chaper-
ones have been shown to suppress the toxicity and aggre-
gation of polyglutamine containing proteins. We have
recently identified a member of the Hsp40 family of
chaperones (HSJ1b) which has a neuronal expression pat-
tern and is enriched in photoreceptor inner-segments, the
site of rhodopsin biogenesis. HSJ1b is localised to the
cytoplasmic face of the endoplasmic reticulum and will
thus encounter cytoplasmic domains of rhodopsin in
vivo. We tested whether HSJ1b could enhance the folding
of mutant rhodopsin. In fact the chaperone caused wild
type rhodopsin to be retained in the ER and increased the
incidence of aggresome formation for both wild type and
P23H rhodopsin (Chapple and Cheetham, submitted).
These data provide evidence that cytoplasmic chaperones
can influence the folding and processing of rhodopsin.
Understanding the specialised chaperone networks with-
in photoreceptors will be essential to exploit the potential
of cellular chaperone machines to manipulate the folding
of normal and mutant rhodopsin.

Several pharmacological agents have been identified
that can manipulate chaperone expression/function, such
that gene transfer mediated overexpression may not be
required to use chaperones in RP therapies’. As cell death
in RP, and many other neurodegenerations, is via apopto-
sis?, it is tempting to speculate that blocking a caspase
cascade or similarly disrupting cell death pathways may
be of therapeutic benefit. Chaperones play an important
role in many cellular signalling pathways and could also
provide a mechanism for suppressing signalling cascades
which lead to apoptosis®.

In addition to manipulating molecular chaperones,
there is the potential to manipulate protein folding by
‘chemical chaperones’ or stabilise protein structures using
ligands. Indeed, the folding of mutant rhodopsin has
been improved by the natural ligand retinoids. The addi-
tion of 11-cis-retinal and 9-cis-retinal to T17M mutant
opsin expressing cells has been shown to improve fold-
ing”.

We have also shown that addition of 9-cis-retinal to
cultures expressing P23H mutant opsin improves the
amount of opsin that reaches the plasma membrane,
whilst having no effect on K296E mutant opsin'.
Addition of a modified retinoid, 11-cis-7-ring-retinal, has
also been shown to improve the folding of rhodopsin
containing the P23H mutation™. These data suggest that
retinoids may be used as 'chemical' chaperones that can
stabilise the folding of mutant opsins shifting the equilib-
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rium away from aggregation and towards functional pro-
tein. High doses of vitamin A have already been shown to
be of some therapeutic benefit in RP*.

This clinical trial, however, was not focused on patients
with misfolding mutations in rhodopsin and if it had
been the clinical outcomes might have been even better.
Further investigation of methods to stabilise and promote
the correct folding of mutant rhodopsin, either through
chemical chaperones or molecular chaperones, may lead
to novel therapies for protein misfolding diseases which
can be tested on the most accessible part of the CNS, the
retina.
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