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RP2 null primary fibroblasts

Introduction

X-linked Retinitis Pigmentosa (XLRP) is a
severe, early-onset inherited retinal
degeneration. ~15% of XLRP cases can be
attributed to mutations in RP2. The RP2
protein is thought to be involved in trafficking
of proteins to photoreceptor outer segments.
The aims of this project were to:
I.
Explore the effects of RP2 null mutations
in primary fibroblast and retinal organoid
(RO) models.
II.
Establish whether AAV-mediated RP2
replacement was effective in these
models.
III. Begin to assess tolerance of AAVmediated RP2 overexpression in vivo.
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Mutant RP2 transcripts undergo nonsense-mediated decay in
patient-derived fibroblasts. Primary fibroblast cultures were
generated from two male individuals with the RP2 p.Arg120X
nonsense mutation (R120X-A and R120X-B) and one carrying a novel
p.Asp142fs variant (N142fs). (A) RP2 mRNA expression was reduced
by 90% in R120X fibroblasts and 61% in N142fs cells relative to
control cells (derived from two unaffected males) (n = 2 flasks). (B)
RP2 protein was not detectable in RP2 null cells via immunoblotting.
BJ, C1, C2, C3, C4, C5 = fibroblasts derived from controls. *p < 0.05.
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AAV2/2-CAG-RP2 restored RP2 expression in RP2 null fibroblasts.
(A) Schematic of the AAV-RP2 construct. RP2 expression is driven by the
constitutive CAG promoter. (B) R120X fibroblasts transduced by AAV2/2-CAGRP2 (1E5 viral genomes (vg)/cell) overexpressed RP2 mRNA by 3.69 ± 2 fold
relative to control cells (dashed line) (n = 2 wells). (C and D) RP2 protein was
overexpressed in treated cells by 1.5 ± 0.24 fold (quantified via densitometry
after immunoblotting; n = 2 wells).
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ONL = outer nuclear layer; IS = inner segments;
OS = outer segments. Scale bar = 50 µm.

A retinal organoid
(RO) or ‘mini retina’
is shown at Day 180
of differentiation
(D180). The outer
rim of the RO is
comprised of
neuroretina. In the
close-up panel to the
right, a brush border
of photoreceptor
outer segments (OS)
is visible.

Elevated rod death during maturation in RP2 null retinal organoids. (A)
ROs were differentiated from a control iPSC line, an isogenic CRISPR-Cas9
edited knock out line (RP2 KO) and two patient-derived R120X lines. (B) ONL
thickness was reduced in RP2 null ROs at D180. Nuclei were stained with
DAPI (blue). Recoverin/Rec = PR marker, bassoon = synaptic marker. n = 3-10
ROs. (C) TUNEL reactive (apoptotic) nuclei (arrows) were more numerous in
the ONL of RP2 null organoids at D150. n = 3-6 ROs. (D) The number of
rhodopsin (RHO)+ cells (rods) was reduced in RP2 null ROs at D180 – a time
when rods were maturing in control ROs (evidenced by a rise in RHO+ cells).
Cone numbers (cone arrestin+ cells) were not reduced in RP2 null ROs
(quantification not shown). n = 2-11 ROs. *p < 0.05, **p<0.01. Scale bar = 50
µm in top panel of (D) and 10 µm in all others.

AAV-mediated RP2 expression rescues rod degeneration in RP2 null ROs.
(A) RP2 KO ROs transduced with 1E11 vg AAV2/5-CAG-RP2 from D140-180
overexpressed RP2 protein (green) in the ONL. (B) RP2 mRNA was
overexpressed by 55±7.7 fold in transduced RP2 KO ROs relative to
control ROs. (C) ONL thickness was preserved in AAV-transduced RP2 null
ROs (n = 5-6 ROs; dashed line = control level). (D) The % RHO+ cells in the
ONL and level of rhodopsin mRNA expression was increased in AAVtreated RP2 null ROs. *p < 0.05. Scale bar = 10 µm in (C) and 50 µm in (D).
Results published in Lane et al., Modeling and Rescue of RP2 Retinitis Pigmentosa Using iPSC-Derived
Retinal Organoids, Stem Cell Reports (2020). https://doi.org/10.1016/j.stemcr.2020.05.007

RP2 overexpression in vivo
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AAV-mediated RP2 overexpression in wild-type murine retinas. AAV2/8-CAG-RP2 was subretinally injected at various
doses (viral genomes (vg)/eye) and tissues were harvested 2 weeks later. (A) IHC: RP2 protein was overexpressed in the
ONL of treated retinas. Scale bar = 50µm. (B) RP2 mRNA expression in AAV-injected retinas was quantified relative to the
endogenous level in uninjected controls. RNA from 3 different retinas per group were pooled for RT-qPCR analysis. RP2
overexpression ranged from 1.4 to 51.7 fold higher than the endogenous level. However, as only 36-65% of the ONL was
transduced, the level of overexpression in transduced cells is likely to be considerably higher than these estimates.
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Conclusions

Pathogenic RP2 mutations led to lack of detectable
RP2 protein in patient-derived fibroblasts. RP2 null
ROs exhibited increased rod photoreceptor death
during maturation.
AAV-CAG-RP2 restored RP2 expression in RP2 null
fibroblasts and ROs, and rescued the rod degeneration
phenotype in RP2 knockout ROs.
A preliminary test of AAV-mediated RP2
overexpression in wild-type murine retinas suggested
a potential immune response. Further in vivo dosage
optimisation studies are necessary.

Müller glia activation in AAV-RP2 transduced retinas. Solutions for subretinal
injection contained AAV2/8-CAG-RP2 and a tracker virus (AAV2/8-Rho-EGFP)
to enable easy identification of transduced retinal regions. GFAP (a marker of
macroglia activation) was upregulated in retinal regions transduced by AAVRP2, suggesting a potential immune response. ONL thickness was not reduced
(not shown). (A) Representative IHC images. Scale bar = 200µm. (B) GFAP
abundance in transduced areas of IHC samples was quantified. Sample sizes
were very limited in this preliminary study: uninjected (1 retina), Rho-EGFP
only (1), CAG-RP2 3.9E7 vg (2), CAG-RP2 3E8 vg (2). 2-3 sections were
examined per retina.

