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@ COMMENTARIES

Sodium iodate induced retinal
degeneration: new insights from an

old model

Studies on the selective retinal degeneration induced by sodi-
um iodate (NalO;) date back to 1941; Sorsby (1941) described
the effect of intravenously injected NalO; solution on the
rabbit retina. Since then, NalO;-induced retinal degeneration
has been described in different mammalian species including
sheep, rabbit, rat and mouse with varying doses and routes of
administration. At the present time, the murine NalO; model
is the most widely used because it results in reproducible,
patchy retinal degeneration (Figure 1) and can be studied in a
wide variety of wild type and genetic knockout strains. Many
studies reporting the pathologic changes in retinal structure
at specific time points and electrophysiological changes in
retinal function over time have followed (Franco et al., 2009;
Redfern et al., 2011). More recently, the model has gained a
resurgence of interest because of the ability to utilize high
resolution in vivo imaging to study structural changes in the
retina in live animals. Techniques such as spectral domain op-
tical coherence tomography (OCT) and confocal scanning la-
ser ophthalmoscopy (cSLO) allow longitudinal evaluation of
retinal structure (Machalinska et al., 2014; Yang et al., 2014);
thus making this model amenable to evaluation of novel ther-
apeutic approaches to retinal degeneration such as cellular
therapies.

The sequence of events leading to retinal damage after
NalO; administration has been extensively evaluated; how-
ever, comparisons of different studies is at times difficult
because of differences in the source of NalO,, methods of ad-
ministration, animals (type, strain, and age) and time points
analyzed after injection. A classic study using high dose NalO;
(100 mg/kg) reported rapid and selective necrotic cell death
of the retinal pigment epithelium (RPE; the layer of pigment-
ed epithelial cells that support the function and survival of
the photoreceptors) beginning 6 hours after injection (Kiu-
chi et al., 2002). Others have evaluated lower doses of NalO,
treatment and found progressively increasing RPE damage
from 15-35 mg/kg (Franco et al., 2009; Machalinska et al.,
2014) but no discernible change at 10 mg/kg (Wang et al.,
2014). The death of RPE is followed by terminal deoxynucle-
otidyl transferase dUTP nick end labeling (TUNEL)-positive
cell death of photoreceptors, presumably by apoptosis (Kiuchi
et al., 2002). Recently, the mechanism of photoreceptor dys-
function and death has been questioned. Carido et al. (2014)
demonstrated increased calpain activity, without any increase
in caspase 3 activation, 3 days after NalO; injection, and
suggested that NalO, may be triggering a TUNEL-positive,
non-apoptotic cell death mechanism in photoreceptors. As
well, others suggest a direct effect of NalO, on photoreceptors,
with visual dysfunction and rapid suppression of photorecep-
tor genes noted with 20-30 mg/kg intravenous dose in adult
C57BL/6] mice (Wang et al., 2014).
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The molecular mechanism of RPE damage that occurs after
NalO, administration is thought to be mediated through in-
duction of oxidative stress. We have shown that murine RPE
cultured in the presence of NalO, show accumulation of reac-
tive oxygen species (ROS) that co-localizes with mitochondria
(Zhou et al., 2014). These results suggest that future studies
focused on therapy with antioxidants such as superoxide
dismutase could be of considerable interest. With respect to
signaling mechanisms, it is known that a rapid activation of
AKT and reduction of RPE65 (a RPE-specific protein) occurs
in mice subjected to oxidative stress. NalO;-induced oxidative
stress caused inactivation of PTEN and loss of its interactions
with junctional proteins suggesting an important role for
PTEN in normal RPE cell function as well in response to oxi-
dative stimuli. Another target that has been recently suggested
is Nrf2. Sachdeva et al. (2014) showed that Nrf2 signaling
is impaired in the aging RPE when an oxidative insult with
NalO, was imposed. Not only did the RPE of older mice (15
months) show impaired induction of Nrf2 as compared to
young (2 months old) mice, they exhibited higher levels of
superoxide anion and malondialdehyde. When Keapl, the
negative regulator of Nrf2 was conditionally knocked down,
the Nrf2 signaling and protection of RPE was restored.

Our laboratory has presented evidence that the small heat
shock protein aB crystallin protects the retina from NalO,
induced retinal degeneration (Zhou et al., 2014). Low dose
NalO, (20 mg/kg) injection in aB crystallin knockout mice
augmented RPE cell death and subsequent retinal degenera-
tion when compared to wild type control mice. Further, using
cultured human RPE cells we showed that NalO, induced in-
creased AKT phosphorylation and PPARy expression in RPE
cells which could be partially blocked by aB crystallin siRNA
knockdown. Our findings suggest that aB crystallin plays
a significant role in protection of NalO,-induced oxidative
stress and retinal degeneration in part through upregulation
of AKT phosphorylation and PPARY expression. We are cur-
rently evaluating the potential of aB crystallin or aB crystallin
peptide nanoparticles as a therapeutic approach for treatment
of retinal degeneration.

The NalO; model has emerged as a valuable model to
study RPE regeneration and cellular therapies in the retina.
Machalinska et al. (2014) have shown that regeneration of
the RPE occurs 3 months after induction of low dose sodi-
um iodate induced retinal degeneration. Carido et al. (2014)
transplanted human embryonic stem cell (hESC)-derived
RPE cells 1 week after a single intravenous injection of
NalO, (70 mg/kg) to mice. While NalO, injection caused
severe RPE cell loss, photoreceptor degeneration and altered
gene and protein expression in the inner nuclear layer (INL)
and outer nucler layer (ONL) of the retina, transplantation
of donor hESC-derived RPE cells formed extensive monolay-
ers showing mature RPE cell morphology, organization and
function. Furthermore, the transplanted RPE within these
monolayers showed RPE-specific functions such as phago-
cytosis of host photoreceptor outer segments. In addition,
hESC-derived RPE produced considerable collagen IV which
is a component of the underlying Bruch membrane. Although
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Figure 1 Fundus photograph of murine retina 3 weeks after
intravenous injection of NalO; (129S6/SvTac strain).

Normal control fundus is shown on the left; fundus of NalOj, injected
animal shows extensive, patchy retinal degeneration (representative le-
sions labeled with arrows).

most studies deal with hESC transplantation, the beneficial
role of stem-cell derived neural progenitor cells to restore ret-
inal degeneration in the NalO; model has also been reported
recently (Amirpour et al., 2012). As well, after transplantation
of rat mesenchymal stem cells (with and without erythropoi-
etin gene modification) into the subretinal space of NalO,
treated rats, the transplanted cells adopted RPE morphology
and function 8 weeks after transplantation (Guan et al., 2013).

Many investigators see considerable potential of the NalO,
model for the study of novel therapies for geographic atrophy,
a blinding complication of age-related macular degeneration
(AMD) for which there is currently no effective treatment.
While no animal model fully recapitulates each of the patho-
logic features found in the disorder, further refinement of
the NalO, model to better mimic the defined geographic de-
generation seen in AMD is underway in our lab and should
represent a valuable advance. Finally, geographic atrophy is a
slowly progressive disease occurring in an elderly population.
The NalO, model is typically performed in young mice; it will
be important to evaluate whether aging alters NalO, toxicity
and sensitivity using older mice in various strains. The advent
of high resolution imaging will allow longitudinal studies
over extended periods of time and provides impetus for use
of imaging endpoints for evaluation of preclinical efficacy of
novel therapeutics for geographic atrophy.
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