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Diverse spectrum: from anterior to posterior segment Development is tightly regulated

Rare eye diseases (RED): a major cause of vision loss and target for 
treatment

Chena, Lehmann & Swaroop, EBioMedicine 2021



2+ million patients worldwide, 1/3,000 Genetic heterogeneity, 300+ genes

Clinical heterogeneityRod involvement Cone involvement 

Inherited retinal diseases (IRD): clinical and genetic heterogeneity 



Genetic basis of IRD

~95% 
Coding 
variants

~60% molecular diagnosis

~5% 
Non-coding 
variants

>300 IRD genes, RetNet



Genetic testing of RED: standard of care

Deep phenotyping

Reanalysis based on clinical 
information, family information, 
time elapsed, pipeline changes

Patient with unexplained IRD
Family recruitment 
Sample collection

Consent

Exome sequencing (ES)
Targeted gene panels

Single gene sequencing

Multidisciplinary interpretation of 
variants based on inheritance, 
clinical features, predictions, 

literature

Reverse phenotyping:
Re-evaluating clinical findings in 

light of (likely) pathogenic variant(s)

ES-based panels

Cataract v3 (77 genes) 
Corneal dystrophy v3 (37 genes) 

RetNet v7 (324 genes) (56% ‘solved’ rate)

MAC-ASD v3 (102 genes)

Optic atrophy v2 (35 genes)
OCA-OA-nystagmus v2 (30 genes) 

Glaucoma v2 (31 genes) 

Targeted gene panels

Single-gene testing

XLRP panel including RPGR

ABCA4 including deep intronic variants

Customized

SNVs, indels CNVs



Limitations of genetic testing in IRD:
missing heritability



Limitations of genetic testing in IRD:
missing heritability

After WES, 44% of patients 
are molecularly unresolved



Limitations of exome-oriented genetic testing in IRD:
missing heritability

Causes of missing heritability

Non-coding variants 

‘Gaps’ in exome or genome

Complex structural variants (SVs) 

Complex alleles

Hypomorphic alleles 

Mosaicism

Uniparental disomy

Non-coding RNAs

Digenic/oligogenic inheritance



From exome- to genome-based testing

Deep phenotyping

Reverse phenotyping:
Re-evaluating clinical findings in 

light of (likely) pathogenic variant(s)

Patient with unexplained RED
Family recruitment 
Sample collection

Consent

Multidisciplinary interpretation of 
variants based on inheritance, 
clinical featurres, predictions, 

literature

Genome sequencing (GS)
SR-WGS, LR-WGS, OGM

Enrollment based on prior genetic 
result (e.g. monoallelic), clinical 
information, family information

SNVs, indels
SVs



Future: from single genomics to multi-omics

Customized functional assays

Minigene & 
luciferase assays 

Biochemical 
assays 

EpigenomicsTranscriptomics

Aberrant 
expression

Aberrant 
splicing

Deep phenotyping

Reverse phenotyping:
Re-evaluating clinical findings in 

light of (likely) pathogenic variant(s)

Patient with unexplained RED
Family recruitment 
Sample collection

Consent

Multidisciplinary interpretation of 
variants based on inheritance, 
clinical featurres, predictions, 

literature

Genome sequencing (GS)
SR-WGS, LR-WGS, OGM

Enrollment based on prior genetic 
result (e.g. monoallelic), clinical 
information, family information

SNVs, indels
SVs



Coding SNVs in known IRD genes

Non-coding variants increase the 
diagnostic yield in IRD

Courtesy of Eva D’haene

Integrated multi-omics approach in IRD 

Outline multi-omics

Coding variants in novel candidate genes



Coding SNVs in known IRD genes

Integrated multi-omics approach in IRD 

Outline multi-omics

Non-coding variants increase the 
diagnostic yield in IRD

Coding variants in novel candidate genes



Integrated multi-omics approach 
to unravel missing heritability in IRD

Unsolved after WES

WGS analysis (SR)



Integrated multi-omics approach 
to unravel missing heritability in IRD

Unsolved after WES

WGS analysis (SR)

RNA-seq (SR)



Integrated multi-omics approach 
to unravel missing heritability in IRD

In vitro assays

Unsolved after WES

(RNA)-analysis

WGS analysis

RNA-seq



iPSCs                 Photoreceptor Precursor cells / Retinal organoid / RPE

(RNA)-analysis

Integrated multi-omics approach 
to unravel missing heritability in IRD

WGS analysis

Integrated
analysis

Unsolved after WES

RNA-seq
(multi-omics)

RNA-seq

<
<Courtesy of 

Miriam 
Bauwens



NON-CODING SNVs 
IRD GENES

SVs IRD GENES

CANDIDATE GENES

CODING SNVs IRD GENES 

N=185 

WGS analysis makes use of a
multi-level filtering approach



Coding SNVs in known IRD genes

Integrated multi-omics approach in IRD 

Outline multi-omics

Non-coding variants increase the 
diagnostic yield in IRD

Coding variants in novel candidate genes



Coding SNVs in known IRD genes were identified in 8.5%

Coding

Non-coding

CNV

Candidate genes

Unsolved

Coding SNVs in known IRD genes (8.5%)



Coding variants were identified in 8.5%

• Retinal pigment epithelium-specific 65 kDa
• Isomerohydrolase in visual cycle 
• Associated with severe autosomal recessive IRD 

• Over 200 RPE65 variants
• Luxturna gene therapy



RPE65 and autosomal dominant retinopathy

• One dominant RPE65-IRD
• c.1430A>G, D477G 

• Irish origin
• Mild late-onset disease with non-penetrance
• Splicing effect
• Mechanism?

Bowne et al., EJHG 2011



We found a novel monoallelic RPE65 variant in WGS data

Age of onset: 60

Indications
Macular dystrophy 

MIDD-like

Patient 1 Patient 2 Patient 3

Age of onset: 41

Indications
Macular dystrophy 

MIDD-like

Age of onset: 45

Indications
Macular dystrophy 

MIDD-like

c.1555G>A, p.(E519K) in RPE65

Miriam 
Bauwens



Overall we identified 85 IRD patients with novel RPE65 
variant E519K

Van Vooren et al., under review



E519K found in a replication cohort, with new patients 
from the Netherlands, France and Canada

n = 6

n = 3

n = 1

n = 75



Two distinct and recognizable late-onset E519K-IRD 
phenotypes are observed

Mottled Pattern dystrophy



We observed inter- and intrafamilial variability 
and a dominant inheritance pattern

Van Vooren et al., under review



Common haplotype of 464 kb supports a
Flemish founder

Van Vooren et al., under review



Protein modeling suggests a destabilizing effect of E519K

Dimer crystal structure Monomer crystal structure

D477 E519



<
<

(RNA)-analysis

WGS analysis

Integrated
analysis

Unsolved after WES

RNA-seq
(multi-omics)

iPSCs                                 RPE                 RO

Novel variant E519K in known IRD gene RPE65
explains missing heritability in dominant IRD



Coding SNVs in known IRD genes: 
A novel dominant RPE65-related retinopathy

Integrated multi-omics approach in IRD 

Outline multi-omics

Non-coding variants increasing the 
diagnostic yield in IRD

Coding variants in novel candidate genes



Putative pathogenic non-coding variants were 
identified in 18.5%

Coding

Non-coding

CNV

Candidate genes

Unsolved

Coding SNVs in known IRD genes (8.5%)

Non-coding splice and regulatory SNVs
 in known IRD genes (18.5%) 



(RNA)-analysis

RNA-seq and in vitro minigene assays
detect aberrant splicing 

WGS analysis

Unsolved after WES

RNA-seq

In vitro assays



WGS identifies a deep-intronic OPA1 variant
in a family with 14 affected individuals
Large family with AD optic atrophy

• WGS: c. 1608+622 A>G, segregates with disease
• 11 family members available: 9 aff. and 3 unaff.

WGS: OPA1 c.1608+622 A>G
• Previously found once in a 17 year old male
• Optic atrophy type 1, no family history
• MG reveals PE inclusion

Qian et al. 2021

SPLICE AI

DG AG DL AL

0.52 0.76 0.13 0.00



RNA-seq (whole blood) confirms an 
in-frame pseudo-exon inclusion

-CHX:
54% of junction reads with PE

+CHX:
56% of junction reads with PE

In-frame insertion (54 bp)

Patient - untreated

Patient - CHX

Control - untreated

Control - CHX

PE



WGS identifies a novel deep-intronic OPA1 variant 

SPLICE AI

DG AG DL AL

0.94 0.67 0.02 0.00

WT

MUT

1.500

1.000
850

650

500

400

300

2.000

WT  MUT

Single patient with optic atrophy
• No familial history
• No coding OPA1 variant

WGS: OPA1 c.843+180 A>G
• Not in public databases
• SpliceAI: suggestive for PEI (90 bp)



RNA-seq (blood) confirms a splice effect & NMD

Patient - untreated

Patient - CHX

Control - untreated

Control - CHX

-CHX:
junction reads with PE: 19%

+CHX:
Junction reads with PE: 43%

Out-of-frame insertion (88 bp)

PE

2 bp difference compared to SpliceAI predictions & minigene results



WGS identifies two non-coding RPGRIP1 variants

Patient with LCA
• WGS: RPGRIP1: Non-coding splice variant c.2367+23delG (Jamshidi et al. 2019)

• WGS: RPGRIP1: Novel deep-intronic variant  c.1612-219 G>T: OOF extension of exon 13 (227 bp) (in trans)

WT     WT    MUT  MUT

SPLICE AI

DG AG DL AL

0.34 0.04 0.18 0.03

WT

MUT

WT

MUT

MUT

Ex 13

Ex 13

Ex 13 In 13



WGS identifies a novel RPGRIP1 promoter variant

Scale
chr14:

--->

RepeatMasker

ENCODE cCREs

DNase Clusters

ORegAnno

RefSeq Func Elems

CpG Islands

GH Reg Elems (DE)

UGRBs

UCNEs

50 bases hg38
21,279,980 21,279,990 21,280,000 21,280,010 21,280,020 21,280,030 21,280,040 21,280,050 21,280,060 21,280,070 21,280,080 21,280,090 21,280,100 21,280,110

TAGAGAAAAAGCACAGCCTTCACACACTCTGATCTACAAAGAGTTAACATCTTAAAAGCTAAACAGAACTGGATTAGCTCCTCTTTTAACAAGCCAGAAGGACAAGCTTATTGGAACCTAGAGTACTAAAGGACACCAGAACATTGAGAG
GENCODE V43

JASPAR CORE 2022 - Predicted Transcription Factor Binding Sites (451 items filtered out)

100 vertebrates Basewise Conservation by PhyloP

RNA-seq on Human Retina - Coverage

Repeating Elements by RepeatMasker

ENCODE Candidate Cis-Regulatory Elements (cCREs) combined from all cell types

H3K4Me1 Mark (Often Found Near Regulatory Elements) on 7 cell lines from ENCODE

H3K27Ac Mark (Often Found Near Regulatory Elements) on 7 cell lines from ENCODE

H3K4Me3 Mark (Often Found Near Promoters) on 7 cell lines from ENCODE

DNase I Hypersensitivity Peak Clusters from ENCODE (95 cell types)

Regulatory elements from ORegAnno

NCBI RefSeq Functional Elements

CpG Islands (Islands < 300 Bases are Light Green)

GeneHancer Regulatory Elements and Gene Interactions

GeneCards genes TSS (Double Elite)
Interactions between GeneHancer regulatory elements and genes (Double Elite)

Ultraconserved Gene Regulatory Blocks (UGRBs)

Human/Chicken Ultraconserved Non-Coding Elements (UCNEs)

RNA-seq on Human Retina - Observed transcriptome
snRNA-seq on Human Retina (R1)

snRNA-seq on Human Retina (R2)

snRNA-seq on Human Macula (R1)

snRNA-seq on Human Macula (R2)

snRNA-seq on Human RPE (R1)

snRNA-seq on Human RPE (R2)

DNase-seq on Human Embryonic Retina (74 days)

DNase-seq on Human Embryonic Retina (85 days)

DNase-seq on Human Embryonic Retina (89 days)

DNase-seq on Human Embryonic Retina (103 days)

DNase-seq on Human Embryonic Retina (125 days)

ATAC-seq on Human Retina (macula)

ATAC-seq on Human Retina (periphery)

ATAC-seq on Human RPE (macula)

ATAC-seq on Human RPE (periphery)

ATAC-seq on Human Retina (R1)

ATAC-seq on Human Retina (R2)

ATAC-seq on Human Macula (R1)

ATAC-seq on Human Macula (R2)

ChIP-seq (H3K4me2) on Human Retina (R1)

ChIP-seq (H3K4me2) on Human Retina (R2)

ChIP-seq (H3K27ac) on Human Retina (R1)

ChIP-seq (H3K27ac) on Human Retina (R2)

ChIP-seq (H3K27ac) on Human Macula (R1)

ChIP-seq (H3K27ac) on Human Macula (R2)

ChIP-seq (H3K27ac) on Human RPE (R1)

ChIP-seq (CRX) on Human Retina (R1)

ChIP-seq (CRX) on Human Retina (R2)

ChIP-seq (NRL) on Human Retina (R1)

ChIP-seq (NRL) on Human Retina (R2)

ChIP-seq (OTX2) on Human Retina (R1)

ChIP-seq (OTX2) on Human Retina (R2)

ChIP-seq (MEF2D) on Human Retina (R1)

ChIP-seq (MEF2D) on Human Retina (R2)

ChIP-seq (RORB) on Human Retina (R1)

ChIP-seq (CTCF) on Human Retina (R1)

ChIP-seq (CTCF) on Human Retina (R2)

ChIP-seq (CREB) on Human Retina (R1)

Hi-C Chromatin Structure on Human Retinal Organoids (5.0 kB, NONE)

Comparison of Micro-C and In situ Hi-C protocols in H1-hESC and HFFc6

RPGRIP1

Gfi1B
Tbx6

TBX18
ZNF652

POU2F1::SOX2
ZNF667

ZNF354A
TFCP2
TFCP2

OTX2
PITX1
PITX3
DPRX

HOXC13
Hand1::Tcf3

Nr2e3
ZNF675

Nr1h3::Rxra

Cons 100 Verts

4 _

-0.5 _

RNA-seq (coverage)

1.58865e-07 _

0 _

Layered H3K4Me1

50 _

0 _

Layered H3K27Ac

100 _

0 _

Layered H3K4Me3

150 _

0 _

snRNA-seq retina R1

0.407308 _

0 _

snRNA-seq retina R2

0.407308 _

0 _

snRNA-seq macula R1

0.407308 _

0 _

snRNA-seq macula R2

0.407308 _

0 _

snRNA-seq RPE R1

0.407308 _

0 _

snRNA-seq RPE R2

0.407308 _

0 _

DNase-seq (74d)

0.528046 _

0.0602838 _

DNase-seq (85d)

0.528046 _

0.0602838 _

DNase-seq (89d)

0.528046 _

0.0602838 _

DNase-seq (103d)

0.528046 _

0.0602838 _

DNase-seq (125d)

0.528046 _

0.0602838 _

ATAC-seq retina (macula)

7014.25 _

134.234 _

ATAC-seq retina (periphery)

7014.25 _

134.234 _

ATAC-seq RPE (macula)

7014.25 _

134.234 _

ATAC-seq RPE (periphery)

7014.25 _

134.234 _

ATAC-seq retina R1

5.98677 _

0.881223 _

ATAC-seq retina R2

5.98677 _

0.881223 _

ATAC-seq macula R1

5.98677 _

0.881223 _

ATAC-seq macula R2

5.98677 _

0.881223 _

ChIP-seq (H3K4me2) retina R1

20.0733 _

0.479341 _

ChIP-seq (H3K4me2) retina R2

20.0733 _

0.479341 _

ChIP-seq (H3K27ac) retina R1

20.0733 _

0.479341 _

ChIP-seq (H3K27ac) retina R2

20.0733 _

0.479341 _

ChIP-seq (H3K27ac) macula R1

20.0733 _

0.479341 _

ChIP-seq (H3K27ac) macula R2

20.0733 _

0.479341 _

ChIP-seq (H3K27ac) RPE R1

20.0733 _

0.479341 _

ChIP-seq (CRX) R1

51.3248 _

0.905363 _

ChIP-seq (CRX) R2

51.3248 _

0.905363 _

ChIP-seq (NRL) R1

51.3248 _

0.905363 _

ChIP-seq (NRL) R2

51.3248 _

0.905363 _

ChIP-seq (OTX2) R1

51.3248 _

0.905363 _

ChIP-seq (OTX2) R2

51.3248 _

0.905363 _

ChIP-seq (MEF2D) R1

51.3248 _

0.905363 _

ChIP-seq (MEF2D) R2

51.3248 _

0.905363 _

ChIP-seq (RORB) R1

51.3248 _

0.905363 _

ChIP-seq (CTCF) R1

5.53509 _

1.58263 _

ChIP-seq (CTCF) R2

5.53509 _

1.58263 _

ChIP-seq (CREB) R1

5.53509 _

1.58263 _
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• WES: RPGRIP1 variant c.1930C>T; p.Gln644*
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• ChIP-seq of histon modifications and 

retinal TFs in adult retina
by T. Cherry

• ATAC-seq of adult retina
by J.L. Gómez-Skarmeta

• RNA-seq of adult retina
by S. Banfi

• DNase-seq of embryonic retina (5 

stages)
by J. Stamatoyannopoulos

Retina-specific database RegRet

Van de Sompele et al. 
AJHG 2022



WGS reveals a novel RPGRIP1 promoter variant

wild mutant diff z_score p_value binding_status TF_gene

GGATTAGCTCC GGATTCGCTCC -1.19979 -35.1431 1.482E-270 bound>unbound OTX1,OTX2
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IRD patient 
• WES: RPGRIP1 variant c.1930C>T; p.Gln644*
• WGS: RPGRIP1 c.-152A>C, promoter variant in a OTX2 binding site 

Predicted loss of the OTX2 binding site
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Coding SNVs in known IRD genes: 
A novel dominant RPE65-related retinopathy

Integrated multi-omics approach in IRD 

Outline multi-omics

Non-coding variants increase the 
diagnostic yield ‘beyond the exome’ in IRD

Coding variants in novel candidate genes



Variants in novel candidate genes 
were identified in 14.5%

Coding

Non-coding

CNV

Candidate genes

Unsolved

Coding SNVs in known IRD genes (8.5%)

Non-coding splice and regulatory SNVs
 in known IRD genes (18.5%) 

SVs in known IRD genes (3%)

Variants in novel and candidate IRD genes (14.5%)
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snRNAs as novel major cause of NDD

https://pubmed.ncbi.nlm.nih.gov/38859706/
https://pubmed.ncbi.nlm.nih.gov/38991538/
https://pubmed.ncbi.nlm.nih.gov/39369315/
https://pubmed.ncbi.nlm.nih.gov/39281759/
https://pubmed.ncbi.nlm.nih.gov/38821540/


U4:U6 duplex

Chen, et al. Nature 2024



RNU4-2 gene

Chen, et al. Nature 2024



Spliceosomopathies

Griffin C, Saint-Jeannet J-P. Spliceosomopathies: Diseases and 
mechanisms. Developmental Dynamics. 2020

SF3B2

SF3B2

Also known to be implicated in 
inherited retinal diseases



Spliceosomopathies

Images from: Griffin C, Saint-Jeannet J-P. Spliceosomopathies: Diseases and 
mechanisms. Developmental Dynamics. 2020; 249: 1038–1046. https://doi.org/10.1002/dvdy.214

Could snRNAs predispose to IRD?

https://doi.org/10.1002/dvdy.214


Image from Mathieu Quinodoz (IOB), ERDC Oct 2024

RNU gene variants cause dominant RP



RNU gene variants cause dominant RP

doi: https://doi.org/10.1101/2025.01.06.24317169 



A multi-omics approach in clinically accessibe tissues reveals a 
genetic diagnosis in 44.5% of a prescreened IRD cohort 

Coding

Non-coding

CNV

Candidate genes

Unsolved

Coding SNVs in known IRD genes (8.5%)

Non-coding splice and regulatory SNVs
 in known IRD genes (18.5%) 

SVs in known IRD genes (3%)

Variants in novel and candidate IRD genes (14.5%)



A multi-omics approach in clinically accessibe tissues reveals a 
genetic diagnosis in 44.5% of a prescreened IRD cohort 

1. WGS improves the diagnostic yield

2. A multi-omics approach is essential for variant 
interpretation

3. Non-coding splice variants and novel disease genes are 
key contributors in our pre-screened IRD cohort

4. Novel targets for therapy uncovered





How to treat genetic eye diseases?

Elfride De Baere Ghent University & GU Hospital
Center for Medical Genetics

MaNaMa Clinical Genetics| April 15, 2025, Brussels



Why is the eye an ideal target for gene therapy?

Immune-privileged: blood-retinal barrier

Retinal cells: differentiated and non-dividing

Bilateral disease: treated vs control eye

Non-invasive methods to monitor visual function

Small size, easily accessible by surgery

Subretinal injection
Technically challenging, transient retinal detachment
Higher concentration at the target tissue

Intravitreal injection
Less invasive, fewer risks
Widespread distribution but less concentrated delivery

PMID 29856367



The ideal target: inherited retinal diseases IRD

Broad spectrum, overall prevalence 1/3.000

Degeneration of the photoreceptors (neuroretina) 
or the retinal pigment epithelium (RPE)

Monogenic

Genetically heterogeneous
Locus heterogeneity (> 300 genes)
Allelic heterogeneity



Optogenetics

Why is an early genetic diagnosis important?

Gene therapy Cell therapy Prosthesis

Genetic 
diagnosis

Progression 
of disease

DNA

RNA

Others

Cells Implant

Adapted from: Vázquez-Domínguez, Garanto & Collin. 
Genes 2019; PMID: 31466352



Gene therapy strategies

1

2. Modify the patient’s DNA
= gene editing (e.g. CRISPR/Cas9, base editing, 

prime editing)

3. Interfere with the patient’s RNA 
e.g. antisense oligonucleotides (ASOs/AONs) 

1. Add correct DNA to the cells of the patient 
= gene augmentation/supplementation

2
3

Courtesy of 
Frauke Coppieters



When to use which strategy?

1. Knowledge of the disease and the effect you want to achieve ➔ need for natural history studies

2. Underlying disease gene and molecular mechanism

• Gain-of-function (activating)
• Hypermorphic allele: increased expression
• Neomorphic allele: new activity or product

• Loss-of-function (inactivating)
• Hypomorphic allele: reduced expression
• Null allele: complete loss of function
• Haploinsufficiency: reduced dosage
• Dominant negative effect Courtesy of Frauke Coppieters
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Overview of gene therapy for IRD

1. Gene augmentation
• Luxturna for RPE65 = first FDA/EMA 

approved gene therapy

2. Gene editing (e.g. CRISPR-Cas9) 
clinical trial for CEP290 (EDIT-101)

3. Antisense oligonucleotides (ASOs)
clinical trials for CEP290 (QR-110), 

USH2A (QR-421a) and RHO (QR-1123)

PMID 30718907



Gene augmentation

PMID 31365802

Method
• Pack wild-type cDNA in a vector
• Subretinal injection (A)
• Local transcription and translation of 

wild-type cDNA (B, C)

+ One-time therapy
+ Mutation-independent
- Limited capacity of AAV vectors 



Gene editing

PMID 29662218

What do you need?
• sgRNA: single-guide RNA
• Cas9: DNA endonuclease enzyme
• (DNA repair template/donor DNA)

How does it work?
1. sgRNA guides Cas9 to region of interest

2. Cas9 enzyme creates DNA breaks

3. Trigger of endogenous repair mechanisms:

• Non-homologous end joining (NHEJ) 

= used for allele inactivation

• Error-prone, formation of indels

• Homology-directed repair (HDR) 

= used for variant correction

• Activated in the presence of a DNA repair template

• Alters a DNA sequence at a specific locus



CRISPR/Cas9 for congenital blindness (LCA)
• Leber Congenital Amaurosis (LCA) caused by deep-intronic mutation (‘IVS26’) in CEP290
• EDIT-101 (Editas Medicine): CRISPR/Cas9 to remove an intronic sequence containing IVS26

www.editasmedicine.com



First CRISPR/Cas9 clinical trial

• EDIT-101 Phase 1/2 BRILLIANCE trial
• Subretinal injection
• 12 adult and 2 pediatric patients
• No ocular serious adverse events or dose-limiting 

toxicities 
• 3/14 patients met the responder threshold
• 2/3 responders: homozygous for IVS26

➢ Trial enrolment is paused

+ One-time modification of the genome
- (AAV) vector needed
- Concerns for off-target effects

Ledford, Nature 2020



https://doi.org/10.1038/s41591-024-03422-8



Antisense oligonucleotides (ASO/AON)

• Short, chemically modified oligonucleotides that modulate gene expression

+ High specificity

+ Easy synthesis

+ No vector needed for delivery (= suitable for large genes)

- Non-permanent: recurrent (intravitreal) injections needed

• 2 modes of action depending on ASO composition:

Steric-blocking ASOs
uniformly modified nucleotides, provide steric hindrance 

to for instance protein binding

Gapmer ASOs 
DNA-RNA hybrid, induces mRNA degradation



Gapmer ASO (RNA degradation) 
• Gapmer ASO ➔ degradation of patient mRNA through RNase H1 mediated cleavage

• Excellent approach for targeting gain-of-function or dominant-negative mutations

- Mutation-specific: limited patient population

PMID 28921648

• Example: QR-1123 for allele-specific degradation of the frequent RHO P23H mutation (ProQR/Ionis 
Pharmaceuticals)



Splice modulating ASO

• Mutation-specific
• E.g. Sepofarsen for IVS26 in CEP290 (7.8 kb)  
• > improved visual acuity and retinal 

sensitivity

• Exon-specific: removal of a non-redundant exon
• E.g. Ultevursen for truncating mutations in exon 13 

of USH2A (15.6 kb) 

• Splice-modulation through steric hindrance for the splicing machinery

• Elegant strategy for large genes with loss-of-function mutations that do not fit AAV vectors

• Two main applications

Courtesy of Frauke Coppieters



What is the role of the clinical geneticists?



Take home messages

Courtesy of Frauke Coppieters

Gene augmentation Gene editing ASOs
Injection site mostly subretinal subretinal mostly intravitreal
Carrier required yes yes no
Gene size restrictions yes no no
Mutation-independent yes no no/partially
Immunotoxicity ++ ++ +
Dosing one-time one-time multiple
Status approved (Luxturna)/

in clinical trials
clinical trial clinical trials

• Genetic therapies = exciting and emerging field with inherited blindness as a model

• Different strategies, the choice of which depends on the disease status, the underlying disease 

gene and the molecular mechanism
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