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Abstract
Retinitis pigmentosa type 11 (RP11) is a hereditary retinal disease due to mutations in one copy of the pre-mRNA processing factor 31 (PRPF31) gene. RP11 symptoms usually manifest in early adulthood with impaired night vision, visual field 
narrowing, and central vision loss in the final stage. At the cellular level, the disease is characterized by progressive cell death in the retinal layers, primarily affecting the retinal pigment epithelial layer and, subsequently, the photoreceptor layer. 
Induced pluripotent stem cells (iPSC) derived- human organoids are robust models that can reveal new mechanistic insight into the pathology of diseases and can be used as experimental platforms for drug screening and cell- and gene therapies. 
To investigate the impact of PRPF31 mutations in the early- and late stages of retinal development and molecular mechanisms underlying RP11 disease progression, we are generating RP11 patient-derived retinal organoids (RO). In this strategy, 
patient-derived skin fibroblasts were reprogrammed into iPSC and further differentiated into early-stage retinal organoids. Characterization of retinal markers throughout differentiation, from iPSC to mid-late RO, was performed via qPCR (not shown), 
single-cell RNA sequencing (scRNA-seq), and immunohistochemistry (IHC) and confirmed the presence of all retinal cell types in both patient- and healthy control-derived RO. ScRNA data from D27 organoids revealed significant differences in 
PRPF31 expression between control and patients in Photoreceptor precursors and multipotent retinal precursors. At the early development stage, the morphology of optic vesicles was not particularly affected. These data indicate that PRPF31 
mutations have a minor impact on early retinal development. Subsequent characterization of the more mature RO by proteome, single-cell transcriptome, and IHC analyses of iPSC, early- and late-stage RO is ongoing in our lab and will provide new 
insight into the pathomechanisms driving visual loss in RP11 patients. Preclinical studies done in our lab with PYC therapeutics drug candidate VP-001 for RP11 show promising results with increased PRPF31 RNA and protein levels and stable or 
increased viability at low-dose one-time treatment. 
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Unique patient material
The patient material derives mainly from two families with 
complete deletions in the PRPF31 gene. These families 
have an NPC mother, a healthy father, and at least one CRP 
patient among the children. All clones from these families 
have been reprogrammed to iPSC and applied to Retinal 
organoid (RO) differentiation.
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Figure 1: Brightfield and IHC images of early RO at D16 with clear optic vesicle. Healthy Controls ATc2 and MHc6, and patients RP11-1, RP11-2, RP11-3, RP11-4 as illustrated. RO was stained for the 
retinal progenitor marker CHX10 and the ganglion cell marker Atoh7. Scalebar: 500 um. 
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Figure 2: UMAP Cluster-plots and PRPF31 expression of scRNA data from D27 retinal organoids. The first panel illustrates colours for the major cell types, and the small panel show colours for the 
individual control and patient samples. Control 1: ATc2, Control 2: MHc6, Patient 1: RP11-3, Patient 2: RP11-4. The right panel shows that expression of PRPF31 is significantly reduced in 
Photoreceptor precursors and Multipotent retinal precursors in patients versus control samples.

Figure 3: Brightfield and IHC pictures of day 80 RO showing photoreceptor markers CRX (green - Precursor/Mature), ARR3 (red - Cones), and Rhodopsin (pink - Rods). Scale: 1mm, 200um, 40X (IHC).
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Figure 4: VP-001/PMO1 Pilot study. RO from two controls and two RP11 patients were 
separated into three groups (Untreated, PMO1_low, and PMO1_mid), treated on day 19 and 
analysed on day 29. (A) Brightfield pictures of day 29 RO from healthy controls and RP11-
patients under different conditions. (B) CTG viability assay showing elevated viability of 
patients at low-dose, but reduced viability at mid-dose. (C, D) Protein levels of PRPF31 and 
CNOT3 were detected by targeted MS in D29 RO, showing a 20% increase in PRPF31 levels in 
the PMO1_low group, and decreasing CNOT3 protein levels by increased drug concentration. 
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Figure 5: Dose-range study of drug candidate VP-001/PMO1. RO from one control and two RP11 
patients were separated into 9 groups (Untreated, PMO1; From dose_A to dose_F, and neg. control 
PMOs; PMO2 and PMO4 at dose F). RO were treated on day 19 and analysed on day 22. (A) Bright field 
pictures of day 22 RO from patient samples in different conditions. (B) CTG viability assay showing 
stable viability at lower doses of PMO1, and decreased viability for all PMOs at Dose-F. (C) Exon 
skipping degree of CNOT3 were detected by BioAnalyzer and EC20,50,80 values were calculated. 

Summary
We have established a chemically defined RO protocol that produces uniform organoids with cone and rod photoreceptors within 80 days, suited for modeling retinal development and drug/gene 
therapy testing. We have generated iPSC from two families with RP11 with complete deletions of the PRPF31 gene. Transcription and protein levels of PRPF31 in patient samples were significantly 
reduced, particularly in photoreceptor precursors and multipotent retinal precursors. Preliminary data from qPCR, IHC, and scRNA suggested that retinal progenitor markers were not significantly 
altered during early retinal development, indicating that pathological alterations in the morphology of optical vesicles may arise later in development. The retinal organoid platform for preclinical 
testing presented in this work is now provided as a service at Zenit Science AS.




