Topographical characterisation of cones and the area centralis in the canine retina (1).
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Introduction

The dog is a commonly used large animal model for human inherited retinal disease, and a number of breeds have defined inherited retinal degenerations. Testing of therapy in a dog model was essential for the development of a recent gene therapy clinical trial treating an inherited form of blindness (2).  Unlike the mouse, the dog has a high density of cones in the visual streak, making it a more attractive model for human cone disorders. Previous studies in dogs have examined retinal sections, or used the ganglion cell layer to predict the location of highest density of cones. We aimed to define and predict the location of the area centralis in the beagle retina using cone photoreceptor-specific staining on retinal flatmounts. Within the area centralis we wanted to identify the size, density and ratio of rods and cones and characterise cone photoreceptor subtype proportions. 

Methods

We used retinas from 9 beagle dogs, and examined 15 retinas as flatmounts, and 3 as frozen retinal sections. We used peanut agglutinin to mark all cones, and antibodies against cone opsins to mark subsets of cones. 

 - 9 flatmounts were examined for whole retina grid analysis of cone distribution usin peanut agglutinin only.

 - 6 of these flatmounts were subsequently analysed for rod and cone density in the area centralis compared to the inferior periphery by differential interference contrast imaging of the cone and rod inner segments.

- 6 flatmounts were stained with long/medium wavelength (L/M)- or short wavelength (S)-cone opsins to examine the relative expression of each cone opsin in the area centralis compared to the inferior periphery. To verify this result, retinal sections from 3 eyes were also examined using similar staining protocols.

Results

Both rods and cones have a higher density in the area centralis 

Figure 1 shows the calculation of rod and cone density from 6 retinal flatmounts comparing the area centralis with the inferior peripheral retina (Figure1A). Rod and cone inner segments had a smaller cross-sectional area in the area centralis (Figure 1B), and had a higher density (Figure 1C). The ratio between rods and cones was significantly lower in the area centralis (Figure 1D), although no areas where cones were present exclusively were found.

L/M opsin dominates in cones throughout the retina

Figure 2 shows cone opsin subtype expression in retinal flatmounts (Figure 2A) and retinal sections (Figure 2D). Approximately 85% of cones in retinal flatmounts (figure 2B) and retinal sections (Figure 2C) express L/M opsin, irrespective of cone density.

The area centralis is in a consistent location in the beagle retina

Figure 3 shows grid density analysis of 9 flatmounted retinas. All retinas used are shown (Figure 3A). A composite overlay of all 9 retinas was generated (Figure 3B) and an average location for the area centralis was calculated in relation to the optic disc. This was defined as 1.1 ± 0.3 disc diameters temporal to the optic disc and 0.4 ± 0.1 disc diameters superior to the optic disc.

Conclusions

The beagle dog has a consistent location for the area centralis, superior and temporal to the optic disc. Visual streak length may vary between breeds – further work is necessary to evaluate this in respect to the cone population.

The dog is likely to have both superior rod- and cone- mediated visual acuity in the area centralis, as reflected by higher inner segment photoreceptor densities, combined with the knowledge that ganglion cell densities are significantly increased in this location (3). However, the canine retina is highly rod-dominant; the area centralis is not a rod-free region unlike the human macula.

The canine has dominance of L/M wavelength opsin expression in cones, and this may reflect the priority of high resolution achromatic vision (4). The area centralis is not S-cone free unlike the human macula. 

For the investigation of potential new treatments for human cone disorders, these data provide further information on the dog as a model, and predict the best target location for local therapy. For the veterinary ophthalmologist, the data presented here will aid in diagnosis and decision-making when pathologies are noted in this location clinically. Focal retinal degenerations or detachments involving the area centralis may have more significant effects on vision than those affecting more peripheral regions.
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