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Abstract

Mutations in pre-mRNA splicing factors are the second most common cause of autosomal 

dominant retinitis pigmentosa, and a major cause of vision loss [1–3]. The development of gene 

augmentation therapy for disease caused by mutations in PRPF31 necessitates defining pre-

treatment characteristics and disease progression of patients with PRPF31-related retinitis 

pigmentosa. We show rates of visual field area decline of 6.9% per year and 30-Hz flicker cone 

response of −9.2% per year, which are both similar to observed rates for retinitis pigmentosa. We 

hypothesize that RNA splicing factor retinitis pigmentosa will be amenable to treatment by AAV-

mediated gene therapy, and that understanding the clinical progression rates of PRPF31 retinitis 

pigmentosa will help with the design of gene therapy clinical trials.
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Introduction

Mutations in PRPF31 are one of the most common causes of autosomal dominant retinitis 

pigmentosa. In the eyeGENE Network, this gene was found to account for 2.5% of 

autosomal dominant retinitis pigmentosa [3]. Most PRPF31 pathogenic mutations are single-

base changes or deletions that lead to premature termination codons and nonsense mediated 

mRNA decay [4]. This suggests pathogenic mutations cause disease through 

haploinsufficiency [4, 5]. In support of this hypothesis, levels of expression of the remaining 

wild-type allele of PRPF31 might be a contributing factor to the severity of retinitis 

pigmentosa [5, 6]. As PRPF31 mutations cause retinitis pigmentosa by haploinsufficiency, it 

is a good candidate for AAV-based gene augmentation therapy.

It has been demonstrated the retinal pigment epithelium (RPE) is the primary cell type 

affected in RNA splicing factor retinitis pigmentosa [7]. This finding in combination with 

the known mutation mechanism of disease to be haploinsufficiency makes it an ideal 

candidate for gene augmentation therapy. To move forward with this goal, we first needed to 

define the pre-treatment clinical characteristics of PRPF31-related retinitis pigmentosa. To 

do this, we specifically focused on parameters including central visual acuity, visual field 
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area, and 30-Hz cone flicker ERG amplitude. We chose to focus on the 30-Hz flicker 

stimulus as it has been reported to show less variability than the light-adapted single flash 

[8]. Rates of decline of visual field area decline are −6.9% per year and 30-Hz cone flicker 

are −9.2% a year. There was heterogeneity in the rate of change in visual field area and 30-

Hz amplitude, which may be due to a combination of genetic modifiers, allelic 

heterogeneity, and inter-visit variability. Future studies will determine if newer imaging 

studies such as fundus autofluorescence and the optical coherence tomography are more 

sensitive for following disease progression in clinical trials.

Methods

This study was approved by the Institutional Review Board of the Massachusetts Eye and 

Ear Infirmary and Harvard Medical School. From a database of approximately 8000 patients 

with retinitis pigmentosa, 26 patients with a pathogenic mutation in PRPF31 were identified 

using molecular genetics.

Best corrected Snellen visual acuities, Goldmann kinetic visual field areas (V4e white test 

light), and dark adapted full-field ERG amplitudes to 30-Hz flashes were measured. The 

lower normal for visual field area is 11,399 deg2 and the lower normal for 30-Hz ERG 

amplitude is 50 μV. Statistical analysis was performed with JMP, version 10.0. Visual acuity 

measurements were converted to decimal values and ERG amplitudes were transformed to 

natural logarithms. The range of normal values for the ERG amplitudes to 30-Hz flashes was 

50–125 μV. To determine longitudinal exponential decay rates, regression analysis was 

performed with JMP, version 10.0. Data was censored to reduce ceiling and floor effects.

Results

Retinal findings in patients with PRPF31-related retinitis pigmentosa were noted to include 

typical areas of degeneration of the retinal pigment epithelium with retinitis pigmentosa-

associated bone spicules. Pallor of the optic nerve and attenuation of the vessels was often 

observed. Rates of ERG recordings and visual field area progression vary. With the rapid 

advance of ocular gene therapies, we characterized the rates of progression of ERG 30-Hz 

flicker amplitudes and visual field area.

Figure 1 shows the mean annual exponential rates of change for visual acuity, visual field 

area, and 30-Hz ERG amplitude. The mean rate of change for visual acuity was −2.0% 

(p<0.05) (Figure 1A). Thus, given the slow rate of change, it is unlikely to be a useful 

parameter for a short-term clinical trial for PRPF31 retinitis pigmentosa. It is of interest to 

note that visual acuity is a sensitive parameter for the RPE65-related Leber Congenital 

Amaurosis clinical trial in which vision is profoundly affected from an early age [9].

The mean rate of change of visual field area using the Goldmann visual field with a V4e 

stimulus (16mm2) was −6.9% during the period of observation (p<0.001) (Figure 1B). This 

rate is similar to the reported observed rate of change of 5% to 15% per year for patients 

with retinitis pigmentosa [10]. It is worth noting though there was variability in the rate of 

visual field progression in our study. While this may be due to genetic heterogeneity, it has 
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also been reported that visual field testing in patients with retinitis pigmentosa has less 

reproducibility than in unaffected individuals [11].

The mean rate of change for ERG amplitude to 30-Hz flashes was −9.2% (p<0.001) (Figure 

1C). This is equivalent to approximately a loss of 50% of function every 7 years. Variability 

was observed in the rate of progression between patients with PRPF31– related retinitis 

pigmentosa. Part of this variability may be due to inter-visit variability of ERG responses. In 

32 patients with a clinical diagnosis of retinitis pigmentosa, a reduction of 35% of the 30-Hz 

flicker stimulus amplitude was found to be significant [12]. In 40 unaffected subjects, a 52% 

amplitude reduction in the 31-Hz stimulus was significant, indicating a high amount of test-

retest variation [13]. Inter-visit variability increases in patients with retinitis pigmentosa as 

the amplitude decreases compared to controls [8]. This suggests that given the rates of full 

field ERG amplitude decline, this may also not be an optimal parameter for detecting change 

in a PRPF31 gene therapy clinical trial where only a small area of the retina is treated.

Recent research shows that optical coherence tomography may help determine the 

progression of retinitis pigmentosa with a higher degree of sensitivity than conventional 

methods. In particular, decreases in the thickness of the outer nuclear layer and outer 

segment have been reported to provide a quantitative measurement of the progression in 

retinitis pigmentosa [14]. The inner segment ellipsoid zone is a higher reflective structure, 

and where it disappears, indicates loss of the outer segment. The mean rate of decline in the 

ellipsoid zone width is 7% for patients with X-linked retinitis pigmentosa [14], which is 

similar to the rates of change for visual field area and ERG amplitude observed in our 

cohort. Of interest, there was low repeat variability (0.08° test-retest difference or 3.6%) 

[14]. The low test-retest variability of the ellipsoid zone width suggests that it may be a 

useful measurement for future studies of retinal gene therapy. Limitations of using the 

ellipsoid zone width include advanced retinitis pigmentosa when the ellipsoid zone is lost as 

well as early retinitis pigmentosa when it is preserved in the central 30° [15].

Fundus autofluorescence using wide-field imaging has recently been shown to correlate with 

Goldmann perimetry. This suggests it may be a useful measure for monitoring response to a 

therapy in a clinical trial for retinitis pigmentosa. Fundus hypo-autofluorescence correlates 

with RPE degeneration and provides an objective measurement as to the rate of disease 

progression. A recent study showed visual field testing in patients with retinitis pigmentosa 

has a high degree of variability, as it is a subjective test dependent on both the patient and 

tester’s attention and cooperation [16]. Further, in advanced retinitis pigmentosa, the 

optokinetic reflex often reorients the eyes to the visual field target, which may increase the 

visual field size [16]. Thus, given that fundus autofluorescence has a high degree of 

correlation to the visual field using Goldmann perimetry, ongoing studies will determine the 

rate of autofluorescence loss in patients with PRPF31–related retinitis pigmentosa. The other 

benefit to using fundus autofluorescence in an ocular gene therapy clinical trial is that it can 

be determined whether the treated area of retina is specifically rescued from further 

degeneration. In the phase I/II choroideremia clinical trial, the area of fundus 

autofluorescence was similar at baseline and 6 months after treatment.[17]. Thus in long 

term clinical trial results, the rate of decline in fundus autofluorescence can be compared to 

the untreated eye, providing an estimate of disease progression.
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Conclusion

While visual field area and ERG 30-Hz amplitude may be used to follow progression in 

patients with PRPF31–related retinitis pigmentosa, we observed heterogeneity in disease 

progression in this cohort of patients. This may be due to allelic heterogeneity, genetic 

modifiers, and inter-test variability. Recent advances in imaging including measuring the 

ellipsoid band width with optical coherence tomography and fundus autofluorescence may 

help decrease inter-test variability compared to conventional methods including full-field 

ERG and Goldmann perimetry. Ongoing analysis of these parameters in the cohort of 

patients with PRPF31–related retinitis pigmentosa will help further define the pre-treatment 

characteristic of this cohort, and may give insight into the design of optimal outcome 

measurements for ocular gene therapy clinical trials.
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Figure 1. 
Vision plotted as a function of age among patients with PRPF31-associated retinitis 

pigmentosa. Visual acuity (A) and visual field diameter (deg2) (B) are plotted for every 

patient visit for each eye individually. Visual acuity has been converted to decimal notation. 

Lower normal is 11,399 deg2 for visual field area with a V4e light stimulus. 30-Hz flicker 

ERG amplitudes (C) by age among patients with PRPF31-associated retinitis pigmentosa. 

The 30-Hz (cone) amplitudes are plotted for every patient visit for each eye individually. 

The solid horizontal line represents the lower limit of normal for 30-Hz amplitude (50 μV) 

and the dashed horizontal line represents half the lower limit of normal (25 μV).
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