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Neuroprotective role of protein tyrosine
phosphatase-1B in rod photoreceptor neurons

Dear Editor,

Protein tyrosine phosphatase-1B (PT-
P1B) is an abundant, widely expressed
non-receptor tyrosine phosphatase,
which is thought to be a key negative
regulator of insulin signaling (Tonks,
2003). Increased and prolonged tyrosine
phosphorylation of the insulin recep-
tor (IR) was observed in mice lacking
PTP1B (Elchebly et al., 1999). Global
deletion of PTP1B in mice results in
increased systemic insulin sensitivity,
enhanced glucose uptake into skeletal
muscle, and improved glucose tolerance
(Elchebly et al., 1999). The increased
insulin sensitivity is due to the absence
of PTP1B, resulting from failure to
dephosphorylate the IR (Elchebly et al.,
1999). Liver-specific deletion of PTP1B
has been shown to improve metabolic
syndrome and attenuates diet-induced
endoplasmic reticulum stress (Delibego-
vic et al., 2009). Neuronal PTP1B also
regulates body weight, adiposity, and
leptin action (Bence et al., 2006). Fur-
thermore, neuronal PTP1B deficiency
results in inhibition of hypothalamic 5'
AMP-activated protein kinase (AMPK)
and isoform-specific activation of AMPK
in peripheral tissues (Xue et al., 2009).
We observed that the light-dependent
activation of IR in photoreceptors is due
to inhibition of PTP1B signaled through
photobleaching of rhodopsin (Rajala et
al., 2007, 2010). Our earlier studies also
suggest that PTP1B activity is elevated
in mice carrying rhodopsin mutation (a
mouse model representing retinitis pig-
mentosa) and a mouse model defect in
the photobleaching of rhodopsin (Rajala
et al., 2010). On the other hand, activa-
tion of insulin signaling has been shown
to delay the death of cone photoreceptor
neurons in mouse models of retinitis pig-
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mentosa (Punzo et al., 2009). Studies
from our laboratory over the past dec-
ade highlight the neuroprotective role of
IR signaling in both rod and cone pho-
toreceptor neurons (Rajala et al., 2007,
2013). Thus, reducing or blocking the
activation of PTP1B could be beneficial
to protect the dying retinal cells in retinal
degenerative diseases. We have previ-
ously reported that global PTP1B knock-
out mice exhibited a significantly lower
sensitivity to stress-induced cell death
than PTP1B competent mice (Rajala et
al., 2010); however, the cell type specific
role of PTP1B is not known.
Immunolocalization studies suggest
that PTP1B is localized to retinal pig-
ment epithelium, rod inner segments,
outer plexiform layer, inner plexiform
layer, and ganglion cell layer (Fig. 1A
and 1D) and in rod inner segment it co-
localizes with arrestin in dark-adapted
retina (Fig. 1C). A weak immunoreac-
tivity of PTP1B is also present in rod
outer segments (Fig. 1A and 1D). The
adaptability of animals to dark and light
conditions is examined with arrestin im-
munolocalization (Fig. 1B and 1E). In
dark-adapted retinas, arrestin is local-
ized to the rod inner segments and the
outer plexiform layer (Fig. 1B), and upon
light illumination arrestin is translocated
to photoreceptor outer segments (Fig. 1E).
Our immunohistochemical data suggest
that PTP1B predominantly localized
to rod inner segments irrespective of
dark or light adaptation. Since PTP1B
is shown to be expressed in various
retinal cells including rod photoreceptors
(Fig. 1) and it is difficult to understand the
contribution of PTP1B from rod cells on
photoreceptor cell survival. To determine
the functional role of PTP1B in rod pho-
toreceptor cells, we generated a rod cell

specific PTP1B knockout mouse line by
breeding floxed PTP1B mice to mice
expressing Cre-recombinase under the
control rod opsin promoter by using the
conditional Cre/lox technology.

Light microscopic examination of the
retinas from wild-type and PTP1B knock-
out mice at 6-8 weeks of age showed no
difference in retinal structure between the
two groups when each group was main-
tained in dim cyclic light (Fig. 2A and 2B).
The retinas appeared normal and rod
outer segments (ROS) appeared to be
well organized (Fig. 2A and 2B). Quanti-
tative analysis of the superior and inferior
regions of the outer nuclear layer (ONL)
(Rajala et al., 2008) showed no signifi-
cant differences among the two groups
in the average ONL thickness measured
at 0.25-mm intervals from the ONL to
the inferior and superior ora serrata (Fig.
2E), indicating that rod photoreceptor
viability was not different among these
mice. Thus, mice lacking PTP1B did not
exhibit any structural phenotype when
maintained in dim cyclic light.

To understand the neuroprotective
potential of the retina, light stress is one
of the well accepted readout techniques.
The light stress models have received
considerable attention in the retina re-
search due to their application in screen-
ing drugs and also to study the effect of
specific retinal gene mutations or gene
ablations (Noell et al., 1966). We ex-
posed wild-type, and PTP1B knockout
mice to light stress for 7 days at 14,000
lux. After a seven-day recovery period,
we measured the extent of photorecep-
tor cell loss. The ONL thickness in mice
from each group reduced after light ex-
posure, indicating that the number of rod
photoreceptors reduced and the great-
est reduction was apparent in the retinas
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Figure 1. Localization of PTP1B in mouse retina. Prefer-fixed sections of dark- (A—C) and light-adapted (D—F) mouse retinas were
stained for PTP1B (A and D), arrestin (B and E), and DAPI (C and F), and the immunofluorescence was analyzed by epifluorescence.
Panel C and F represent the merge images of PTP1B and arrestin. RPE, retinal pigment epithelium; ROS, rod outer segments; RIS, rod
inner segments; ONL, outer nuclear layer; OPL, outer plexiform layer; INL, inner nuclear layer; IPL, inner plexiform layer; GCL, ganglion

cell layer.

of the wild-type mice (Fig. 2C and 2F).
When exposed to 14,000 lux, wild-type
mice had significantly fewer rod pho-
toreceptors in the superior and inferior
regions than the PTP1B knockout mice
(Fig. 2D and 2F). These results suggest
that rod specific conditional deletion of
PTP1B knockout mice was protected
from light stress while the wild type mice
were not.

Mammalian retinal neurons have a

remarkable ability to survive in a hostile
environment, being subjected constantly
to high levels of oxygen and bombard-
ment by photons. We have proposed
earlier that IR signaling is an endog-
enous neuroprotective pathway that
acts as molecular sunglasses against
stress-induced retinal degenerations.
We have previously reported that loss
of IR expression in rod photoreceptors
significantly impaired the retinal func-
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tion and loss of photoreceptors in mice
exposed to bright light stress (Rajala et
al., 2008), while intravenous injection of
an allosteric inhibitor of PTP1B protects
rats against light stress-induced retinal
degeneration through the protection of
IR phosphorylation (Rajala et al., 2010).
We also found elevated levels of PTP1B
activity in mouse models of retinitis pig-
mentosa, Leber congenital amaurosis,
and streptozotocin-induced diabetic
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Figure 2. Morphological analysis of PTP1B
knockout mice in dim cyclic light and after light
stress. Hematoxylin and eosin-stained (H&E) reti-
nal sections of the retina from the eyes of wild-type
(PTP1B"™1%) and PTP1B knockout (PTP1Bo¥fox
Cre*") mice at 6-8 weeks of age under dim cyclic
light (A and B) or light-stressed at 14,000 lux for
7 days (C and D). Quantification of morphologic
changes in PTP1B knockout mice in dim cyclic light
or exposed to light stress. Plots of ONL thickness at
0.25-mm intervals from the optic nerve head (ONH)
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mouse retina (Rajala et al., 2009, 2010).
Our results demonstrate that deletion of
PTP1B attenuates light stress-induced
photoreceptor degeneration. PTP1B
inhibitors and PTP1B antisense oligonu-
cleotides (ASO) have already been rec-
ognized as potential therapeutics in the
treatment of type-2 diabetes and obesity
(Goldstein, 2001; Zinker et al., 2002).
However, neither the PTP1B inhibitors
nor ASOs have ever been examined in
the context of retinal degenerative dis-
eases. Our studies suggest that PTP1B
antagonists could be potential therapeu-
tic agents to treat retinal degenerations.
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