
















Figure 6. Light micrographs and immunofluorescent staining. A,B,C,D: Retina of the non affected dog NA2. E,F,G,H: Retina of the 2 months
old affected dog A6. B,F: Rod labeling with anti-Rho4D2 antibody. D,H: Cone labeling with PNA-FITC lectin. These results show that both
the rods and cones are still present at the age of 2 months in affected dogs. Abbreviations: retinal pigment epithelium (RPE); outer segments
(OS); inner segments (IS); outer nuclear layer (ONL); outer plexiform layer (OPL); inner nuclear layer (INL); inner plexiform layer (IPL);
ganglion cell layer (GCL). The scale bar represents 50 µm.
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and the amount of vector injected in the dog will be similar to
what will be used in humans. In addition, dogs, which are
relatively outbred compared to murine models, have greater
immunological and biologic similarity to humans, which is
vital and essential for determining the tolerance of vectors
before clinical trials.

Recombinant AAV-mediated gene therapy has already
been shown successful in the first canine model of LCA, the
RPE65−/− dog. This RPGRIP1-deficient model is an attractive
alternative LCA canine model in the sense that, in contrast to
RPE65, it is not a rod-cone dystrophy but a cone-rod
dystrophy and that the cells to target are not the RPE but the
photoreceptors. A photoreceptor defect is more difficult to

treat than a RPE defect, and a large animal model of such a
defect has great intrinsic value.

In conclusion, we have characterized the kinetics of
functional and structural changes that occur in RPGRIP1-
deficient dogs. The results of this present study suggest a
therapeutic strategy that consists of initiating gene therapy as
early as possible after birth. Considering the small size of the
MLHD dogs (120–200 g at birth) and our preliminary surgical
data (unpublished results), accurate transvitreal subretinal
injection is not possible in dogs younger than 2 months.
Successful subretinal delivery of a therapeutic vector will be
feasible by 2 months of age and may prevent or delay the loss
of rod function. This is a valuable spontaneous animal model

Figure 7. TUNEL assay on normal and affected dogs. A: Retina of the normal dog NA2 displayed no TUNEL-positive labeling. B: Retina of
the affected dog A6 at the age of 2 months treated with DnaseI (positive control). C: Retina of the affected dog A6 at the age of 2 months
treated with label solution only (negative control). TUNEL staining (D,E,F) and corresponding light micrographs (G,H,I) of the retinas of
affected dogs. (D,G) retina of the affected dog A6 at the age of 2 months, (E,H) retina of the affected dog A1 at the age of 11 months and
(F,I) retina of the affected dog A2 at the age of 28 months. TUNEL staining revealed apoptotic cells in all affected dogs, mostly in the outer
nuclear layer, indicating apoptosis of photoreceptor cells. Abbreviations: retinal pigment epithelium (RPE); outer segments (OS); inner
segments (IS); outer nuclear layer (ONL); outer plexiform layer (OPL); inner nuclear layer (INL); inner plexiform layer (IPL); ganglion cell
layer (GCL). The scale bar represents 100 µm.
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that represents a unique and important tool to assess the in
vivo efficacy of photoreceptor targeted gene based therapeutic
strategies for cone-rod dystrophies.
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Appendix 1. Behavioral tests.

Visual function was evaluated using behavioral testing
based on the ability of each animal to avoid obstacles in
normal light. The treated affected A2 avoided obstacles at the
age of 8 months but consistently failed to avoid obstacles after

the age of 11 months, seen in the movie in Appendix 1. To
access the movie, click or select the words “Appendix 1.” This
will initiate the download of a compressed (.mov) archive that
contains the movie.
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