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Introduction

Results

• Leber’s Congenital Amaurosis 10 (LCA 10) is an ultra-orphan non-syndromic
autosomal recessive disease of the retina where absence of the CEP290 protein in
photoreceptor cells leads to early and progressive loss of vision.

p.Cys998X Patient-derived Fibroblast Model

p.Cys998X Patient iPSC-derived Optic Cups
1 Skin biopsy

• p.Cys998X (also known as c.2991+1655A>G) is the most frequently occurring
CEP290 mutation causing LCA 10, especially in European countries and the US and
generally results in the most severe LCA phenotype1,2. Although prevalence rates
vary in different geographic areas, p.Cys998X mutation is estimated to occur in
approximately 2,000 patients in the Western World.
• QR-110 is a 17-mer single-stranded, fully phosphorothiated and 2’ O-methyl modified
RNA oligonucleotide designed to target the p.Cys998X mutation. QR-110 masks the
cryptic splice site created by the p.Cys998X mutation thus resulting in the production
of wild-type CEP290
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CEP290 mRNA and protein levels in untreated patient fibroblast cell lines at the baseline. Two cell lines for each
genotype were used and average values are plotted in the graph. Error bars show mean with SEM.

QR-110 Increases CEP290 mRNA and Protein Levels
in p.Cys998X Homozygous Fibroblasts Comparable to
Control Fibroblast Levels
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LCA 10 p.Cys998X patient ﬁbroblasts were reprogrammed into iPSC which were diﬀerentiated into optic cups for 96
days and treated with diﬀerent amounts of QR-110 for another 28 days. Expression levels (copy number per ng of RNA)
of photoreceptor markers (CRX, NRL and NR2E3) conﬁrm the expected differentiation of the optic cups.

p.Cys998X patient iPSC-derived optic cups provided the opportunity to study the
eﬀectiveness of QR-110 on photoreceptor like cells in the absence of an animal model.

QR-110 Increases CEP290 mRNA Levels in p.Cys998X
Homozygous Optic Cups

Photoreceptor

The CEP290 protein is involved in the formation and
stability of the connecting cilium in photoreceptors
which facilitates the transport of proteins to the
outer segment. When CEP290 protein is absent,
protein trafficking is perturbed leading first to
suppression of phototransduction and ultimately,
degeneration of the photoreceptors. The p.Cys998X
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Fibroblasts used in this study showed the splicing defect that correlated to the underlying CEP290 genotype. p.Cys998X pre-mRNA is predominantly spliced into mutant CEP290
mRNA but the mutant mRNA is degraded by nonsense-mediated decay (NMD), an innate
cellular quality-control mechanism that selectively degrades mRNAs harboring premature
termination codons. This leads to underestimation of the mutant transcript levels4.

LCA 10 Pathophysiology
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QR-110 Increases CEP290 mRNA Levels in
p.Cys998X Compound Heterozygous Optic
Cups (p.Cys998X/p.Lys1575X)

mutation creates a cryptic splice donor site in intron
26 of the pre-mRNA which results in the inclusion
of an aberrant exon of 128 bases into the CEP290
(mutant) mRNA. This cryptic exon introduces a
premature stop codon so the mutant mRNA gets
degraded by nonsense-mediated decay or predicted
to result in a truncated inactive CEP290 protein.

• mRNA and protein profile in LCA 10 patient fibroblasts
carrying the p.Cys998X mutation in homozygosity and
compound heterozygosity,
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In wild-type cells, splicing results in correct transcripts
and therefore normal functional protein. In cells
carrying the p.Cys998X mutation a cryptic splice site
is also recognized. Thus 2 types of transcripts are
produced: an excess of mutant transcript containing
a 128-base sequence that includes a stop codon, and

• mRNA profile in LCA 10 patient derived optic-cups,
carrying the p.Cys998X mutation in homozygosity and
compound heterozygosity,
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Conclusion
QR-110, a promising investigational therapy for LCA 10,
proved the capacity to rescue molecular and phenotypic
defects associated with p.Cys998X as demonstrated by

QR-110 Mechanism of Action
SR proteins

QR-110 significantly increased wild-type CEP290 transcript levels to
230 % relative to untreated at 10 µM concentration. Mutant transcript
levels showed notable and statistically significant reduction at both 3
µM and 10 µM concentration (to 25-35 % of untreated levels). These
improvements are less than that in homozygous optic cups and this can
be explained by the fact that the compound heterozygous cells contain
only one p.Cys998X allele that can be targeted by QR-110. Secondly,
compound heterozygous optic cups were less differentiated. Further
experiments are currently ongoing

CEP290
protein

a small amount of wild-type transcript; this phenotype
results in significantly lower levels of wild-type CEP290
protein. When QR-110 is present, the recognition
of the cryptic splice site is blocked, therefore the
production of wild-type transcripts is favored,
reversing the phenotype caused by the mutation.

Expression levels relative to control cells are shown
except for mutant mRNA (which are expressed relative
to mock treated). Error bars show mean with SEM. Three
biological experiments.

In LCA 10 fibroblasts carrying the p.Cys998X mutation in homozygosity QR-110
treatment in vitro restored CEP290 protein levels to that of control cells. This effect was
specific for QR-110 as scrambled control oligonucleotide with the same chemistry and
length did not alter the protein levels. CEP290 protein restoration was accompanied by
increased wild-type mRNA levels and decreased mutant mRNA.

QR-110 increased wild-type CEP290 transcript levels in a dose-dependent manner. Increases
relative to untreated ranged from 20 % at 0.3 µM QR-110 through ~140 % at 1 µM or 3 µM
to 500 % at 10 µM QR 110. QR-110 evoked notable and statistically significant reduction in
mutant CEP290 mRNA expression (to 10-15 % of untreated levels).

• functional protein restoration, as indicated by
increased number of ciliated cells and length of cilia in
optic cups.
Taken together, these results support the phase 1b/2
clinical trial PQ-110-001, a safety and tolerability study
of QR-110, in patients with LCA 10 due to p.Cys998X
(c.2991+1655A>G) mutation (ClinicalTrials.gov Identifier
NCT03140969).

QR-110 Increases CEP290 Function in p.Cys998X
Homozygous Optic Cups

QR-110 Increases CEP290 mRNA and Protein Levels in
p.Cys998X Compound Heterozygous Fibroblasts

References
1. den Hollander, A. I. et al. Mutations in the CEP290 (NPHP6) gene are a frequent cause of
Leber congenital amaurosis. Am. J. Hum. Genet. 79, 556–61 (2006).
2. Perrault, I. et al. Spectrum of NPHP6/CEP290 mutations in Leber congenital amaurosis and
delineation of the associated phenotype. Hum. Mutat. 28, 416 (2007).

Objectives

3. Parfitt, D. A. et al. Identification and Correction of Mechanisms Underlying Inherited
Blindness in Human iPSC-Derived Optic Cups. Cell Stem Cell. 18, 769–81 (2016).

Assess if QR-110 rescues p.Cys998X associated molecular and phenotypic
defects in p.Cys998X LCA 10 models.

Untreated

0.3 µM QR-110

1 µM QR-110

3 µM QR-110

10 µM QR-110

4. Biasutto, P et al. QR-110 treatment for Leber’s congenital amaurosis Type 10: Investigation
of in vitro restoration of CEP290 levels and in vivo delivery of the oligonucleotide to the
outer nuclear layer. ARVO Annu. Meet. (2016). (poster) http://www.proqr.com/lca26ap16q/

ONL

Acknowledgements

Materials & Methods
Primary fibroblast cell lines were generated from skin biopsies of LCA 10 patients
carrying the p.Cys998X mutation in homozygosity or compound heterozygosity. Control
cell lines were generated from healthy volunteers. LCA 10 induced pluripotent stem
cell (iPSC)-derived three-dimensional optic cups from patient fibroblasts were
generated as described in Parfitt et al. 20163. Fibroblasts were transfected with QR110 using polyethyleneimine. Optic cups were treated with QR-110 gymnotically (i.e.
without a transfection reagent). Quantification of CEP290 wild-type and mutant
mRNA was performed by isoform specific droplet-digital PCR (ddPCR) assays. CEP290
protein levels were analyzed by Western blotting method. Ciliation, a measure of
functional CEP290 protein, was assessed by confocal microscopy and image analysis.
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Expression levels relative to control cells are shown
except for mutant mRNA (which are expressed relative
to mock treated). Error bars show mean with SEM.
Three biological experiments.

In LCA10 fibroblasts carrying the p.Cys998X mutation in compound heterozygosity
QR-110 treatment in vitro restored CEP290 protein levels to ~50% of control cells as is
expected when there is only one p.Cys998X allele that can be targeted by the QR-110.
This effect was specific for QR-110 as scrambled control oligonucleotide with the same
chemistry and length did not alter the protein levels. CEP290 protein restoration was
accompanied by increased wild-type mRNA levels and decreased mutant mRNA.

Assessment of functional CEP290 protein was performed by measurement of 2 relevant biomarkers. The percentage
of ciliated photoreceptor cells was determined by counting the total number of Arl13b (red) structures (cilia) associated
with pericentrin structures (basal body) in the outer nuclear layer (ONL). Cilia length was assessed by measuring Arl13
positive structures (cilia).

In line with mRNA data, at 3 μM QR-110 concentration percentage of ciliated cells showed
significant increase whereas at 10 μM both the percentage ciliated of cells and length of cilia
showed significant increase (therefore QR-110 reversed the phenotype associated with the
CEP290 defect). In 10 μM QR-110 treated optic cup, 74 % of the cells were ciliated with a
mean cilia length of 1.09 μm, which is a similar cilia incidence and length to control wild-type
optic cups without the CEP290 p.Cys998X mutation3.
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