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Retinitis pigmentosa (RP) is a family of
heritable retinopathies characterized by a
progressive loss of rod photoreceptors
that eventually leads to blindness. Hun-
dreds of individual mutations found in
�60 genes are known to result in RP, with
varying severity and modes of inheritance
(Manes et al., 2015). The heterogeneous
nature of this disease suggests that diverse
molecular mechanisms are responsible
for degeneration, making it difficult to
find umbrella therapies. There is currently
no cure for any form of RP, and treatment
options are limited. Current options in-
clude oral supplementation of vitamin A,
�-3 fatty acids, or lutein, which have modest
or unclear benefits (for review, see Raya-
pudi et al., 2013), or expensive and inva-
sive prosthetic implants (Chuang et al.,
2014). Cooperation between animal and
clinical research is paramount in finding
realistic strategies to fight RP, given its
complex and devastating nature.

Valproic acid (VPA) has emerged as a
potential treatment for RP, and a Phase II
clinical trial has recently been completed
(NCT01233609). This trial was motivated
by a preliminary study reporting that oral

VPA improved visual acuity in 9 of 13 eyes
from RP patients (Clemson et al., 2011).
However, this initial report garnered sig-
nificant criticism regarding lack of control
groups, improper statistical analysis, and
failure to account for VPA-induced side
effects (Sandberg et al., 2011). Inspired by
Clemson et al. (2011) and the potential
benefit VPA may offer to people suffering
from RP, 3 additional patients were offered
VPA on a “compassionate basis” (Sisk, 2012).
In that study, all 3 patients were removed
prematurely from VPA treatment due to a
reduction in visual acuity and harmful
side effects (Sisk, 2012). The authors hy-
pothesized that genotype differences may
explain the detrimental effects of VPA on
this cohort of patients and that VPA
may only benefit patients with autosomal
dominant RP (adRP) (Sisk, 2012).

In a recent report in The Journal of
Neuroscience, Vent-Schmidt et al. (2017)
investigated the efficacy of VPA across
different mutant animal models of adRP.
The authors took advantage of established
Xenopus laevis lines expressing different
adRP-linked alleles of human RHO, which
encodes rhodopsin, the visual pigment in
rod photoreceptors (Tam and Moritz,
2006, 2009; Tam et al., 2014). Mutations
in RHO are among the most prevalent
causes of RP, accounting for nearly one-
third of adRP (Daiger et al., 2013), and
they are categorized into as many as six
classes based on suspected underlying

pathological mechanisms (Mendes et al.,
2005). Class I and II RHO mutations are
generally classified based on protein fold-
ing and localization properties. Class I
mutants, such as Q344ter, fold and bind
chromophore normally but are mislocal-
ized across the photoreceptor plasma mem-
brane. Class II mutants, represented by
T17M and P23H, exhibit improper fold-
ing and binding to chromophore, and re-
tention in the ER/Golgi. T4K, a Class IV
mutant, shows reduced protein stability,
albeit without obvious misfolding. The
authors applied VPA to transgenic frogs
expressing normal or Class I (Q344ter),
Class II (T17M, P23H), or Class IV (T4K)
mutant human RHO alleles. Similar to the
original report in humans, the authors
found that VPA was neuroprotective and
improved visual function in RP frogs
expressing the P23H mutant RHO. How-
ever, VPA was either ineffective or delete-
rious to the photoreceptors in the three
other genotypes tested. Together, these
data suggest that VPA can be beneficial or
harmful to diseased rods depending on
the underlying genetic mutation. This re-
sult was foreshadowed in the published
human data and may explain the difficulty
observed in clinical studies using VPA to
treat all forms of RP. Similarly, in mouse
models of RP, VPA was found to be either
protective or toxic to photoreceptors de-
pending on the mouse strain (Mitton et
al., 2014).
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Despite these conflicting results, P23H
mutations cause the largest portion of RP
cases in North America, and understanding
the mechanisms underlying the protective
effects of VPA may suggest promising new
treatments for those afflicted with this
class of mutation. VPA can exert its effects
through a wide variety of mechanisms,
such as indirectly enhancing GABA sig-
naling, influencing cell signaling through
PKC, PI3K, and glycogen synthase kinase,
reducing ER stress, and inhibiting histone
deacetylases (HDACs) (for review, see
Chuang et al., 2009; Schloesser et al.,
2012). To better understand how VPA
protects P23H mutant photoreceptors,
Vent-Schmidt et al. (2017) tested nine
compounds with pharmacological prop-
erties similar to VPA. They found that
HDAC inhibitors, and no other class of
compounds, recapitulated the VPA-induced
neuroprotective effects on photoreceptor
survival in the P23H mutant, whereas the
HDAC inhibitors exacerbated photore-
ceptor degeneration in T4K, T17M, and
Q344ter mutants. This argues that VPA
affects photoreceptor survival by acting as
an HDAC inhibitor and that inhibition of
HDACs may underlie both the protective
and detrimental effects of VPA depending
on the genetic background.

HDAC inhibitors influence chromatin
structure and function by maintaining an
“open” conformation, allowing transcrip-
tion factors access to the genome, and
hence allowing transcription. VPA directly in-
hibits HDAC1 and causes hyperacetyla-
tion of histones (Phiel et al., 2001). HDAC
inhibitorshaveshowntherapeuticpotential in
animal models of neurodegenerative dis-
eases, such as Huntington’s, Parkinson’s,
Alzheimer’s, amyotrophic lateral sclero-
sis, and spinal muscular atrophy, and
their beneficial effects have been linked to
their ability to increase the expression of
neurotrophic factors and promote an
anti-inflammatory environment (Chuang
et al., 2009). In addition, VPA has been
shown to promote retinal ganglion cell
survival after optic nerve crush, potentially
through elevation of neurotrophic factors
(Zhang et al., 2012). VPA has also been
reported to increase levels of neuro-
trophic factors BDNF and GDNF in wild-
type mouse retinas (Mitton et al., 2014).
However, HDAC inhibitors also have un-
desirable actions. For example, VPA has
been reported to cause intolerable side ef-
fects in patients (Sisk, 2012) and photore-
ceptor toxicity in mice (Mitton et al.,
2014). Trichostatin-A, another HDAC
inhibitor, suppressed transcription in
photoreceptors and caused cell death in

developing retinal explants (Chen and
Cepko, 2007). Therefore, more studies are
needed to further assess the specific
gene expression changes necessary for
both beneficial and detrimental effects
of VPA.

HDAC inhibitors are also known to
induce autophagy (Robert et al., 2011), a
response that has been demonstrated to
protect stressed photoreceptors (Zhou et
al., 2015). Given its position in rhodopsin
(Palczewski et al., 2000) and reduced
binding to 11-cis-retinal chromophore
(Anukanth and Khorana, 1994), P23H rho-
dopsin is suspected of misfolding, accu-
mulating in the rod inner segments, and
triggering the ER stress response (Tam
and Moritz, 2006). Vent-Schmidt et al.
(2017) therefore examined whether auto-
phagy may be a downstream mechanism
through which VPA protects photoreceptors.
Using an antibody with specificity for hu-
man rhodopsin, the authors observed that
treatment with VPA nearly abolished de-
tection of human P23H rhodopsin while
leaving wild-type frog rhodopsin intact.
At the same time, as observed by electron
microscopy, VPA induced the appearance
of autophagic structures in the rod inner
segments of both normal and P23H mu-
tant retinas. Together, this evidence sup-
ports the hypothesis that P23H rhodopsin
accumulates and initiates a cellular stress
response, and that VPA acts to clear mu-
tant rhodopsin via autophagy.

One potential drawback to the studies
presented by Vent-Schmidt et al. (2017) is
the use of animal models with variable
transgenic expression levels. For example,
the authors found no effect of VPA on a
transgenic line of T17M frogs in which
T17M accounted for 27% of total rhodop-
sin expressed. However, VPA had signifi-
cant effects on a similar transgenic line in
which T17M protein accounted for 5% of
total rhodopsin. The authors interpreted
this as a “floor effect,” whereby the expres-
sion levels in the former transgenic line
resulted in cellular damage beyond that
which VPA treatment could increase. In
the T17M line with lower RHO expres-
sion levels, increased photoreceptor
death was observed because levels of cel-
lular damage could be exacerbated by
VPA treatment. With the revolution of
gene editing tools, it may be possible and
advantageous to generate precise, knock-in
mutant models of human RP to better
represent native expression levels, espe-
cially for adRP. Furthermore, from the
clinical end, it would be desirable to de-
velop methods to measure relative expres-
sion levels across RP genotypes.

In conclusion, Vent-Schmidt et al.
(2017) found that VPA, potentially acting
through HDAC inhibition and autophagy,
can promote the clearance of misfolded
P23H rhodopsin, slow rates of photore-
ceptor death, and preserve visual activity.
These data support VPA or inhibition of
HDACs in general, as a potential treat-
ment for some forms of RP. However, the
authors found that VPA treatment was
not beneficial across genotypes and accel-
erated degeneration caused by some RHO
mutations. This article thus provides a
cellular and genetic context that may ex-
plain when VPA is appropriate to use and
when it should be avoided. Although the
results of the current clinical trial testing
VPA for a treatment of RP have yet to be
published, the data presented by Vent-
Schmidt et al. (2017), taken along with
negative clinical reports (Sisk, 2012), urge
extreme caution when using VPA to
treat RP.
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