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I. Context, positioning and objectives of the project

Mutations in 8 ubiquitously-expressed splicing factors (PRPF), spliceosome components, cause photoreceptor (PR)
degeneration and autosomic dominant retinitis pigmentosa (adRP) in Humans'. The similar phenotypical
development for all these genes suggests common degenerative pathways and highlights the importance of their
characterization. The etiology has been considered puzzling from the start as PRPF factors are used for exon
splicing in all tissues while the phenotype is restricted to the retina™. Initial studies suggested that the retina
expresses higher levels of spliceosome components®. PR cell anomalies were reported in some species or in vitro™,
confirmed in human retinal organoids derived from PRPF31 patient-related induced pluripotent stem cells (iPSCs),
showing disturbed gene splicing/expression and cilia morphology, cellular stress and PR degeneration (Fig. 1A)%’.

However, several data including ours have also shown prominent defects in retinal pigment epithelial (RPE) cells,
suggesting that several defects might contribute to the phenotype*®®. Our data in 3 distinct mouse models
suggested that the retinal pigment epithelium (RPE) may be the primary cell affected. We showed that Prpf3-, 8-
and 31-mutant mice display morphological changes in the RPE with age (Fig. 1B)%. Retinal adhesion and the
circadian elimination of photoreceptor outer segments (POS) extremities, both crucial RPE functions, are disrupted
in Prpf-mutant mice® and in RPE cells derived from PRPF31 patient-iPSCs (Fig. 1C)"%. We recently confirmed that
the RPE circadian clock is deregulated in Prpf31-mutant mice (Fig. 1D), like in Prpf8-mutant retina™. Our recent
data show that RPE cells display mitochondrial metabolism dysfunction and accumulate cellular stress (Fig. 1E)°.
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Figure 1. PR and RPE anomalies linked to PRPF31 splicing factor defects. A. Rod PR loss at D154 in organoids derived from PRPF31
patient iPSCs (bottom, red; top: control)7. B. RPE vacuoles and basal membrane thickening in mutant mice (bottom; top: wildtype
controls)z. C. Loss of the diurnal peak of POS phagocytosis in Prpf31-mutant mice (left, white bars; black bars: controls)g, and
phagocytic defect in PRPF31 patient-derived iPSC-RPE cells (right; green bar: control)7. D. Overexpression of Perl intracellular clock
repressor in Prpf31-mutant RPE/choroid (grey line; black line: control) at the expected peak phagocytosis time. E. Tissue-specific
decrease of basal respiration (top) in Prpf31-mutant (blue bars, ages 3-18 months) RPE but not peritoneal macrophages or controls
(grey bars), and lipids oxidation accumulation (bottom, green) in 18-month-old Prpf31-mutant RPE and retinas but not in controls’.
While it appears that molecular defects seem to arise in both RPE and PRs during disease etiology, the precise
sequence of tissue-specific phenotypic modifications associated with these ubiquitous factors largely remains a
mystery. We thus aim at identifying specific modifications and direct targets along the 2 following specific Aims:
Aim 1: Identify new pathways using transcriptomic and functional validation approaches.

Aim 2: Decipher the tissue origin of stress-related pathological steps.

Il. Preliminary data and workplan
Aim 1: Identify new pathways using transcriptomic and functional validation approaches.
For this aim we will be using three complimentary approaches:

1.a. Using transcriptomics we already identified different functional families specifically modified in Prpf31-
deficient mouse RPE (Bronstein et al, in preparation) and RPE derived from PRPF31 patients iPSCs (Fig. 2A)". We
will compare these 2 sets of data to pinpoint common genes and pathways that might be important for
pathological development. To detect relevant pathological pathways, we will extract common genes, cluster and
classify them into different families for functional validation (see 1.d.)

1.b. Given the tissue-specific expression of the phenotype, we hypothesize that some genes might be more
sensitive/tissue-specific to PRPF splicing factors. We will thus identify these targets using an RNA-
immunoprecipitation technique for which we identified the best antibody to immunoprecipitate mRNAs associated
with PRPF31 (Fig. 2B)™". We will use the RPE-J cell line (normal, siRNA treated), iPSC-RPE (patient-derived and
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control frozen stocks)”*? and J774.1 macrophage controls (no Prpf31-related defect in macrophages)®’. RNA-seq

libraries will be 75-bp paired-end sequenced on a HiSeq4000 from lllumina. Sample processing and analysis will
identify differential expression and annotate pathways’.

1.c. So far, retinal organoids (RO)/retinas have been studied as full entities but not at the individual cell-type level.
Hence, our goal is to determine the specific modifications in various retinal cell types using single-cell RNA
sequencing™. We will explore cell-specific variations in retinal organoids derived from patient iPSCs (2 PRPF31
mutants, asymptomatic and isogenic controls) at 3 different stages™** using the Chromium 10x Genomics
technology (IDV cell phenotyping platform)™. Datasets will be integrated (R package Seurat-v5) to filter, cluster,
create UMAP/tSNE visualizations, annotated (Seurat)™ and converted for visualization in ceIngene.
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Figure 2. Preliminary data. A. Gene families modified in RPE cells derived from a PRPF31 patlent. B. Quantities of RNA
immunoprecipitated using various PRPF31 antibodies. C. Downregulated genes validation by siRNA knockdown and phagocytosis
assays. D. Lipids accumulation in RPE cells of 18-month-old Prpf31-mutants. E. MALDI-imaging on retinal tissue sections.
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1.d. With a loss of 40% phagocytosis by RPE cells in all species, phagocytosis assays will be used as the first
functional read-out®®. The RPE-J cell line will be double-transfected using specific SIRNA pools (Dharmacon) and
phagocytosis assays performed using FITC-labeled POS (Fig. 2C)*". When relevant, assessment of the
mitochondrial function will be performed (Cell Mito Stress Test Kit, Agilent) (Fig. 1E)°. Based on their specific PR-
related function, identified mRNAs will be validated in ROs in vitro through overexpression or knockdown (shRNAs)
approaches using 7m8 AAV viral vectors (strong tropism for retinal cells)’, and cell death and differentation status
will be assessed (TUNEL, PR-specific markers). Validated candidates will be assessed in vivo by studying their
expression levels along the light:dark cycle (qPCR, immunoblotting) on wildtype and Prpf31-mutant tissues®™, and
assessing their subcellular localization (immunofluorescence labelings on retinal flatmounts and eye sections)®’

Aim 2: Decipher the tissue origin of stress-related pathological steps.

The question of the respective contribution of RPE cells and PRs in PRPF31-related phenotypes is still debated, and
the cross-influence of these various defects on neighboring cells has not been investigated. We will thus use both
metabolomics and lipidomics approaches to characterize these changes via our collaboration with Dr. Christoph
Trautwein (TUbingen Universitat, Germany; co-mentor and member of the Limits2Vision PhD consortium between
Institut de la Vision and the University of Tibingen)'®"’.

2.a. Our preliminary data show that lipid accumulation occurs and that some lipid families are overrepresented in
mutant RPE (Fig. 2D). We will characterize protein and lipid changes in separated RPE/choroid and retina samples
using 'H-NMR metabolomics, and validate them on sections using spatial metabolomics mass spectrometry
imaging (MALDI) (Fig. 2E).

2.b. In the retina, molecules in the interphotoreceptor matrix (IPM) between RPE cells and PRs are very important
to regulate specific function such as phagocytosis and adhesion™®, and could contribute to phenotype development
by being transferred to the other cell. Hence, we will characterize the differences in IPM proteins between control
and Prpf31-mutant mice using *H-NMR metabolomics on tissular supernatants collected by ultracentrifugation®
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