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LIST OF ABBREVIATIONS
aa Amino acid
AAALAC Association for Assessment and Accreditation of Laboratory Animal Care
AAV Adeno-associated virus
AON Antisense oligonucleotide
BB Basal body
BrM Bruch’s membrane
BSS Balanced Salt Solution
CC Connecting Cilium
cDNA  Complementary DNA
COS Cone outer segment 
cSLO  confocal Scanning Laser Ophthalmoscopy  
ERG  Electroretinogram
EZ  Ellipsoid zone
FDA Food and Drug Administration 
FDASIA Food and Drug Administration Safey and Innovation Act 
FST Full-field stimulus test
GRK1 G protein-coupled receptor kinase 1, Rhodopsin Kinase 
IQCB1  IQ motif containing B1
IHC  Immunohistochemistry
IND Investigational New Drug 
IRBP  Interphotoreceptor retinoid-binding protein 
IRD Inherited Retinal Degeneration
IS/OS  Inner segment/outer segment junction
ISH In situ hybridization 
LCA Leber Congenital Amaurosis
LRP  Longitudinal reflectivity profile
NIH National Institutes of Health
nt Nucleotide
NPHP5 Nephrocystin 5 
OCT Optical Coherence Tomography 
OD Right eye (oculus dexter) 
OLM Outer limiting membrane
ONL Outer Nuclear Layer
OS Left eye (oculus sinister)
PCC  Periciliary complex
PI Post-injection
RPE Retinal pigment epithelium
SRI  Subretinal injection
ss Single stranded
sc Self-complimentary
SRS  Subretinal space
vg Vector genomes
WPRE Woodchuck posttranslational regulatory element 
WT  Wildtype
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1 RARE PEDIATRIC DISEASE DESIGNATION REQUEST STATEMENT

Pursuant to 21 CFR 316.20, the National Institutes of Health (NIH) requests designation of 
adeno-associated virus human Nephrocystin 5 (AAV-NPHP5) as a rare pediatric drug product 
for treatment of patients with inherited retinal degenerations (IRDs) due to mutations in the 
NPHP5 (IQCB1) gene (NPHP5-IRD).

Inherited retinal degenerations are genetic conditions that cause vision loss that range in disease 
severity and age of onset (1). A particularly severe diagnosis within the IRD umbrella is Leber 
congenital amaurosis (LCA), which is a heterogenous group of monogenic diseases that cause 
childhood blindness (2). IRD due to biallelic mutations in the NPHP5 gene (NPHP5-IRD) most 
commonly presents as LCA (3, 4). NPHP5 encodes nephrocystin-5, a protein that is important in 
normal structure and function in photoreceptor cells of the retina (5). Patients are typically 
diagnosed in infancy or early childhood with profound, permanent vision loss (4-13).  

Children with LCA and IRDs have significantly reduced health-related and vision related quality 
of life (14-18). Vision loss imposes challenges and limitations on daily activities, mobility and 
independence, and reduced vision from IRD has negative social and psychological effects on 
children; children often report feelings of anxiety, worry and frustration which follow through 
adulthood (14-20). They require special rehabilitation and schooling. 

LCA as a group of diseases is rare. Estimates of prevalence of LCA range from 1:30,000 to 
1:81,000 (21-23).  NPHP5-IRD as a subset of LCA is very rare with a United States (US) 
prevalence estimate of ~1:346,000 and global prevalence ranging from ~1:600,000 to 
~1:4,200,000 (21, 24-27). Only ~972 people are affected with NPHP5-IRD in the US (27). Very 
low prevalence qualifies NPHP5-IRD as a rare disease.

NPHP5-IRD is an autosomal recessive disease where visual acuity and light sensitivity of both 
rods and cones are severely reduced. There is early and rapid rod photoreceptor loss across the 
retina and the retention of a central island of cone photoreceptors at the fovea which persist over 
many years, at many disease stages which provide a wide therapeutic window (4, 8). Visual 
function is disproportionately affected relative to the remaining photoreceptor structure which 
indicates that visual improvement may be achievable upon therapeutic intervention. In this way, 
NPHP5-IRD is similar to LCA caused by mutations in RPE65 (28), the only IRD for which there 
is an approved gene therapy, Luxturna (voretigene neparvovec-ryzl). Introduction of a functional 
copy of NPHP5 is expected to cause improvements in vision, just as with Luxturna (29-38).  

NPHP5-IRD meets the criteria to be considered a rare pediatric disease since it is a serious and 
debilitating disease that affects children from birth, and since it has extremely low disease 
prevalence. We are therefore requesting that AAV-NPHP5 be designated as a Rare Pediatric 
Disease Product to treat NPHP5-IRD.
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2.3.2 Generic/Trade Name – Drug Product

AAV-NPHP5 is a single stranded (ss) DNA sequence including a 
human rhodopsin kinase (GRK1) promoter, full-length human 
NPHP5 cDNA and a Woodchuck posttranslational regulatory 
element (WPRE) packaged into an adeno-associated virus 
pseudotype 2/5 capsid (ssAAV2/5-GRK1-hNPHP5-WPRE) 
(Fig.1). Additional details can be found in section 4.1. 

2.4 Manufacturer’s Name and Address

2.4.1 Drug Substance Manufacturer

Aldevron, LLC 
4055 41st Ave South 
Fargo, ND 58104 
FEIN: 3015047170 

2.4.2 Drug Product Manufacturer

Andelyn Biosciences, Inc. 
1180 Arthur E. Adams Dr. 
Columbus, OH 43221
FEIN: 3026042970 

3 DESCRIPTION OF RARE DISEASE OR CONDITION, PROPOSED 
INDICATION, AND NEED FOR THERAPY

3.1 Description of Rare Disease or Condition

Clinical Manifestations and Natural History
NHPH5-IRD is a rare, autosomal recessive inherited retinal degeneration that is predominantly 
characterized by severe and debilitating loss of vision from birth or early childhood. Most 
patients are typically diagnosed early in life, they are legally and profoundly blind, and they 
have a phenotype consistent with LCA. Parents often are the first to notice that their child is 
not seeing normally. Results from an electroretinogram (ERG) typically show severely reduced 
or extinguished rod and cone photoreceptor function in the retina. This result coupled with 
presence of nystagmus and inability to fixate, oculo-digital sign, keratoconus and/or abnormal 

Figure 1: diagram of drug product (AAV-NPHP5)
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tracking and abnormal response to visual stimuli support the clinical diagnosis of LCA in 
young children (3, 4, 8). Genetic testing is then performed to confirm the clinical diagnosis and 
provide the causative gene. Best corrected visual acuities in patients with NPHP5-IRD are 
often worse than 20/200, visual fields are severely constricted, and patients exhibit decreased 
light sensitivity as measured by full-field stimulus testing (FST) (3, 4, 8). There is some 
variation in phenotype of NPHP5-IRD patients, and a minority of patients may have relatively 
preserved visual acuity, small central islands of vision or later onset of visual symptoms (3, 4, 
8). 

Detailed optical coherence tomography (OCT) imaging studies show that most NPHP5-IRD 
patients are born with rod photoreceptor cells but lose them to a severe time-course of retinal 
degeneration that is complete within the first decade of life such that no rod photoreceptors 
survive (4, 7, 8). Cone photoreceptors in NPHP5-IRD, on the other hand, manifest a very 
different course of disease. In NPHP5-IRD, there is a central island of structurally retained but 
dysfunctional cone photoreceptors. The outer nuclear layer (ONL), the layer containing 
photoreceptor nuclei, often persists for decades (8). These remaining photoreceptors would be 
the target of gene therapy, the goal of which would be to improve vision. 

Visual impairment significantly reduces quality of life in children, and the effects are life-long 
(14, 16, 17, 19, 39). Children with IRDs score significantly lower on physical health and 
psychosocial health measures compared to their unaffected siblings, and score lower than 
children with other serious chronic conditions (14). Worse visual acuity, typical in patients 
with NPHP5-IRD, is correlated with poorer quality of life and worse family functioning (14, 
15). Performing tasks of everyday life are affected by vision loss. Visual impairment has
negative effects on the wider emotional well-being, mental health and social function of 
children, and these psychological effects follow through to adulthood with adults often 
experiencing anxiety, depression and worry stemming from their vision loss (16-20). Younger
adults with vision loss have almost five times the risk of serious anxiety or depression
compared to adults aged 65 and older (40). There is higher incidence of Autism Spectrum 
Disorder among children with congenital visual impairment, and children with early vision loss
may also experience developmental, speech and social delays which can be helped by early
intervention by specialists (2, 41). There is no cure or medical treatment for NPHP5-IRD,
patients are counseled and referred to low vision clinics for rehabilitation services. Letters of
support that describe the debilitating nature of NPHP5-IRD and its impact on those affected 
are included as Appendices  and .

For Information Purposes Only. Permissions granted to reproduce by partners and collaborators.



National Institutes of Health Rare Pediatric Disease Designation Request
AAV2/5-NPHP5 June 18, 2024

Page 9 of 30 Confidential

Pathophysiology
Rod and cone photoreceptors have four major 
compartments: the outer and inner segments, the cell 
body, and the synaptic terminal (42) (Fig. 2A). As part of 
their specialization, the photoreceptors contain one of the 
longest sensory cilia known in mammalian cells, 
extending across the inner segment where most of the 
biosynthesis takes place, and outer segments where 
phototransduction takes place. Between the inner and 
outer segments of photoreceptors is the ciliary transition 
zone, also called the connecting cilium (CC), which is a 
narrow isthmus that has two interrelated functions: CC 
acts as a conduit for the enormous flux of proteins 
trafficked to and from the outer segment, and CC acts as a 
gate to compartmentalize proteins to the inner or outer 
segments (Fig 2. B,C). One of many macromolecular 
complexes at the CC is thought to consist of at least 
NPHP5 and CEP290 (aka NPHP6) proteins and possibly 
also including three other nephrocystins NPHP1, NPHP4, 
and NPHP8 (43-51). Mutations in NPHP5 cause loss of 
function, and thus disrupt normal structure and function 
of the CC in photoreceptor cells (4). Retinal ciliopathies, 
diseases that affect the normal structure and/or function 
of the CC, can demonstrate dramatic heterogeneity in 
retinal phenotype. Shared retinal phenotype of NPHP5-, CEP290- and NPHP1-IRDs is very 
specific and differs dramatically from most other IRD phenotypes associated with ~300 other 
genes (8).  

3.2 Proposed Indication and Use of AAV-NPHP5

The proposed use of AAV-NPHP5 is to treat the retinal disease associated with mutations in 
NPHP5. The gene therapy vector expresses the full length human NPHP5 (hNPHP5) gene 
under the control of a GRK1 promoter. The vector would be administered subretinally to the 
central retina, resulting in delivery of a functional copy of the protein to the photoreceptors. 
Translation of the wildtype (WT) protein is expected to correct the ciliary defect and restore 
the CC resulting in improved vision in patients. Since the degree of visual impairment is 
greater than what would be expected by the remaining retinal structure in these patients, 
restoration of the CC is anticipated to drive improved function of the remaining photoreceptors. 
Proof of concept studies conducted in a naturally-occurring canine model of NPHP5-IRD have 
demonstrated that NPHP5 gene augmentation can prevent further loss of rod function and 

Figure 2: (A) Schematic of a 
photoreceptor, showing 
specialized domains of the cell. (B) 
Transition zone showing the 
structural and functional domains: 
axoneme (green), connecting 
cilium (CC; orange), basal body 
(BB; purple), periciliary complex 
(PCC; red). (C) Cross section 
through the CC. (D) 3D 
representation of the CC and 
adjacent domains. Modified from 
Rachel, Li and Swaroop, 2012.
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restore cone function by enabling regrowth of cone outer segments that are absent shortly after 
birth.

3.3 Reasons Why Such Therapy Is Needed

NPHP5-IRD is a rare, autosomal recessive, severe, childhood-onset retinal disease for which 
currently no cures or treatments exist. The standard of care for this severe early-onset condition 
remains palliative only. The dissociation of photoreceptor structure and visual function make 
NPHP5-IRD a promising target for a gene therapy approach to intervention and suggests that 
therapy would result in vision improvement (52). The severe vision loss from NPHP5-IRD is 
debilitating, and children with vision loss due to IRD have lower quality of life compared to 
those who are normally-sighted which persists through adulthood (14, 17, 19, 20). In addition to 
difficulties performing daily life activities and visual navigation independently, vision loss has 
profound and lasting psychological and social impacts and is a source of life-long anxiety and 
worry (16-19).  While IRDs leading to vision loss are rare, they are caused by molecularly 
simple single-gene defects, and are therefore good candidates for gene therapy. Despite this, 
there is only one approved gene therapy treatment for IRDs, Luxturna (voretigene neparvovec-
ryzl), which is approved to treat LCA caused by biallelic mutations in RPE65. There remains a 
great need for similar therapies to treat other rare, inherited retinal conditions, such as NPHP5-
IRD.

Treatment Potential
NPHP5-IRD is characterized by a central island of retained, albeit abnormally functioning 
cone photoreceptors. The amount of vision in these patients is disproportionately low relative 
to the retained central photoreceptor structure. Artificial intelligence that predicts visual 
function based on underlying retinal structure was used to show that there is treatment 
potential, the potential for improvement of visual function upon intervention, in patients with 
NPHP5-IRD (11). The dissociation of retinal structure and function in this disease, along with 
the prediction that there is treatment potential in this population, support the hypothesis that a 
successful molecular intervention, with the introduction of a wildtype copy of NPHP5, can 
result in quick and large improvements in visual function at the fovea in patients with NPHP5-
IRD. The fact that the central cone island is retained for decades allows for an extended 
therapeutic window to treat the retinal disease.

Since CEP290-LCA and NPHP5-IRD share very specific phenotypic features and the gene 
products share cellular mechanism, efficacy results from CEP290 treatment trials can be 
informative when predicting what can be expected upon treating NPHP5-IRD. Recent and 
ongoing trials use gene-based antisense oligonucleotide (AON) (Sepofarsen, NCT03140969, 
NCT03140969, NCT03913143) or gene editing (NCT03872479) approaches to treat the most 
common CEP290 mutation (c.2991+1655A>G) (53, 54).  Just as with NPHP5-IRD, correction 
of retinal ciliopathy in CEP290 disease would be expected to improve dysfunctional cones. 
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Indeed, when cone light sensitivity was measured, nearly all treated eyes showed 
improvements in the Phase 1/2 clinical trial for Sepofarsen, the intravitreally injected AON 
(55-58). The Phase 2/3 trial for Sepofarsen failed to meet its primary outcome, although the 
reason why remains unclear. In the gene editing Phase 1/2 trial, results show improvement in 
visual function in BCVA, FST, visual navigation and vison-related quality of life (59, 60). As 
this gene therapy is delivered subretinally rather than intravitreally, the results from the gene 
editing trial could be more representative of what could be expected from subretinal 
administration of AAV-NPHP5. 

Dissociation of structure and function, along with encouraging results from treatment of a 
similar disease offer hope for improved vision and quality of life for patients with NPHP5-IRD 
treated with AAV-NPHP5. Improved vision would change patients’ lives. It would reduce the 
burden of vision loss on their own lives and the lives of their families and afford them 
opportunities in education and employment that might otherwise be unattainable. There is 
currently no approved therapy (or even ongoing clinical trials), and thus AAV-NPHP5 
addresses a critical need for treatment that remains unmet for this severely affected, small 
population.     

4 DESCRIPTION OF AAV-NPHP5 AND SCIENTIFIC RATIONALE FOR USE

4.1 Description of AAV-NPHP5

4.1.1 Drug Product Naming Convention

Adeno-Associated Virus Pseudotype 2/5 human Nephrocystin-5 (AAV2/5-NPHP5).
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4.1.3 Drug Product Description, Mechanism of Action and Route of Administration

The drug product is a single stranded AAV transgene expression cassette containing full length 
human NPHP5 cDNA and a Woodchuck Hepatitis virus posttranscriptional Regulatory Element 
driven by the human GRK1 promoter and packaged into an AAV2/5 capsid. The drug product 
will be formulated in Balanced Salt Solution (BSS) containing 0.001% Poloxamer 188, pH 7.0. It 
will be delivered via a subretinal injection, specifically targeting the retained central cone 
photoreceptors.  

Briefly, following standard 3 port pars plana core and posterior vitrectomy, AAV-NPHP5 will be 
delivered to the macular area via a transvitreal subretinal injection. The tip of the subretinal 
cannula will be guided to the region of the vascular arcades and a superior retinotomy will be 
created, avoiding the blood vessels. The retinotomy should not be placed closer than 3 mm to the 
fovea. Viscous fluid injection pressure should be set to a maximum PSI of 16 mmHg, and the 
initial bleb formation should be attempted with as low of a PSI as possible (under 10 mm Hg). At 
the discretion of the surgeon a small (< 30 μL) pre-bleb with BSS can be made prior to vector 
delivery. 300 μL of the AAV-NPHP5 vector solution will be injected slowly and a subretinal 
bleb formed in the clinical macula (including the fovea). Intraoperative OCT images will be 
obtained when possible and evaluated during the subretinal bleb formation to monitor the status 
of the fovea. The bleb should not touch or approximate the optic nerve. Pre-, peri-, and post-
operative corticosteroids will be administered to control for possible inflammation resulting from 
the vector.  

An AAV vector is used to deliver the gene to the photoreceptors. AAV vectors have been well 
established as a safe mechanism of gene delivery. Introduction of the wildtype transgene will 
correct the ciliary defect, which results in the regrowth of the photoreceptor sensory cilium 
(outer segment) restoring its function and improving the overall function of the photoreceptors. 

4.2 Scientific Rationale for the Use of AAV-NPHP5 in the Rare Disease or 
Condition

NPHP5-IRD is caused by biallelic mutations in the NPHP5 gene. NPHP5 interacts with many 
other proteins that function in forming and supporting the CC in photoreceptor cells, therefore 
mutations result in severe loss of visual function and rod photoreceptors. Central cone 
photoreceptors are retained over decades, albeit functioning at levels lower than expected based 
on the retained retinal structure. Since there is a dissociation of retinal structure and function in 
this disease, correction of the ciliary defect by introduction of wildtype NPHP5 is expected to 
result in improvement of visual function.  A naturally occurring dog model of the disease was 
used to show the efficacy of AAV-NPHP5 in restoring visual function in affected animals at 
various disease stages and doses (7, 61). This model recapitulates the human form of the disease, 
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and so it is thought that administration of this therapy to humans would yield similar efficacy 
results. 

4.2.1 Clinical Efficacy of AAV-NPHP5

There is no clinical data collected on AAV-NPHP5 to date, as the first-in-human clinical trial has 
yet to begin. 

4.2.2 Nonclinical Efficacy of AAV-NPHP5

Background Information 
NPHP5 gene augmentation delivered by AAV vector prevents ongoing photoreceptor loss and 
restores cone structure and function in the NPHP5 mutant dog, a naturally-occurring canine 
model of early-onset NPHP5-IRD.

Initial (published) studies evaluated the efficacy of two different AAV serotypes with or without 
capsid modifications (AAV2/5; AAV2/8(Y733F)), containing one of two photoreceptor-specific 
promoters (interphotoreceptor retinoid-binding protein (IRBP), or GRK1) to drive expression of 
either the canine or human NPHP5 cDNA (61). The four gene therapy constructs that included 
either the canine or human full length NPHP5 cDNA under control of the GRK1 promoter were 
packaged as self-complementary (sc) DNA in AAV capsids. The decision to initially test 
scAAV-NPHP5 constructs was based on the rapid kinetics of rod loss in this model and the need 
for rapid transgene expression to halt disease progression when treatment was delivered at the 
onset of degeneration (~ 5 weeks of age). Results showed that irrespective of the AAV capsid 
(AAV2/5, AAV2/8 (Y733F)) and transgene (human or canine NPHP5), early-stage gene therapy 
intervention prevented rod loss, allowed regrowth of cone outer segments, corrected 
mislocalization of rod, M/L and S opsin, and restored rod- and cone-mediated ERG function, as 
well as visual behavior in an obstacle avoidance course under scotopic and photopic conditions. 
The gene therapy was administered subretinally to NPHP5 mutant dogs at early-stage disease (~ 
5-6 weeks of age). Signs of rescue were detectable within 8 weeks post-injection and remained
stable throughout the 6-month posttreatment period. Efficacy (preservation of ONL thickness,
reformation of cone outer segment structure, restoration of rod and cone-mediated ERG and
visual behavior) was found to be independent of the AAV serotype used and transgene
expressed, however GRK1 appeared to be a more potent promoter than IRBP. Stock solutions of
the viral vectors were formulated in BSS with 0.014% Tween (polysorbate) -20, pH 7.0 and
further diluted with BSS to titers that ranged from 1.5 x 1011 to 4.7 x 1012 vg/mL (doses: 1.1
x1010 to 3.3 x 1011 vg/eye). Efficacy was detected even with the lower titers/doses (61).

Follow-up studies assessed long-term efficacy of NPHP5 dogs treated with different scAAV-
GRK1-NPHP5 vectors at early-, mid-, late- and very late-stage disease and showed stable 
functional rescue for 3-5.4 years (62). Extensive clinical (confocal scanning laser 
ophthalmoscopy (cSLO)/OCT) and histological/immunohistochemistry (IHC) assessment of 
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treated eyes did not reveal any signs of toxicity nor ocular inflammation even with viral vector 
titers as high as 4.76 x 1012 vg/mL (Dose 7.1 x 1011 vg/eye). 

Due to concerns with sequence heterogeneity in scAAVs preparations (scAAVs can contain single 
stranded DNA, and are more prone to package plasmid backbone sequences compared with 
ssAAVs) (63, 64), the human NPHP5 transgene was recently packaged under control of the GRK1 
promoter together with a Woodchuck posttranslational regulatory element as a single stranded 
DNA into an AAV2/5 capsid. With the goal of translating this gene therapy into human clinical 
trials, a series of experiments both in WT and homozygous mutant NPHP5 dogs was more recently 
conducted to confirm the efficacy of this investigational product (ssAAV2/5-GRK1-hNPHP5-
WPRE).The following sections provide a brief description of the animal model, the methodology 
used, and a summary of the salient findings of these proof-of-concept nonclinical studies 
conducted at the University of Pennsylvania, School of Veterinary Medicine between 3-March-
2021 and now.
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Animal model
The NPHP5 mutant dog is naturally-occurring model of NPHP5-IRD that is homozygous for a 
single nucleotide insertion in exon 10 of NPHP5. The mutation results in a 12 amino acid (aa) 
frameshift, and premature stop that truncates the C-terminal 268 aa of the 598 aa native protein 
(65). The mutation triggers an early onset and rapidly progressive retinal degeneration with a 
preservation of non-functional central cones that recapitulates the spatiotemporal pattern of the
NPHP5-IRD described in people (Fig. 5 and (7)). In this canine ciliopathy, cones fail to form 
outer segments from birth, and rods, while initially structurally intact rapidly undergo 
degeneration. Based on the thickness of the ONL at different ages, the following stages of 
disease have been established in the canine model: early-stage (ONL loss ~ 0%; 5-6 weeks of 
age); Early/mid stage (ONL loss: 25-30%; ~8 weeks of age); Mid stage (ONL loss: ~30-40%; 
12-14 weeks of age); Late stage (ONL loss > 50%; > 24 weeks
of age).  Dogs with late-stage disease retain an ONL along the
cone-rich visual streak and specifically within the temporally
located area centralis. A comparable spatial pattern of disease
can be observed in 13-15 year-old NPHP5 patients that have

Figure 5: Canine and human 
NPHP5 retinal structure. (A-B)
Pseudocolor maps of ONL 
thickness topography
(upper) in a 35-week-old control 
dog (A) and a NPHP5-mutant 
dog (B) at 14 and 33 weeks of 
age. Insets, near-infrared 
reflectance images. Arrows on 
the maps localize the 
reconstituted OCT scans (lower) 
along a superior–inferior meridian 
crossing the central visual streak 
at the gaps of the lines. ONL on 
reconstituted scans is highlighted 
in blue and location of the visual 
streak is shown with a white 
wedge.
(C-D) Cross-sectional OCT scans 
along the vertical meridian 
through the fovea, extending 15
deg into superior (S) and inferior 
(I) retina in (A) a normal subject
(age 30 years) and (B) NPHP5-
IRD patients P5 and P4 (ages 15
and 13 years, respectively).
Magnified views of the central
retina (right; white rectangles)
with overlapping longitudinal
reflectivity profiles (LRP).
Photoreceptor nuclear layer
(ONL) is highlighted in blue; EZ
(ellipsoid zone) is highlighted in
yellow. OLM, outer limiting
membrane; COS, cone outer
segments. RPE/BrM, retinal
pigment epithelium/Bruch’s
membrane. In the patients,
there are wide hyperscattering
bands (S+) and more narrow
hyposcattering bands (S-) distal
to the ONL (far right along
image). Modified from Downs et
al., 2016.
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ONL retention in the fovea. 

A unique research colony of NPHP5 mutant dogs has been established at the Retinal Disease 
Studies facility (Division of Experimental Retinal Therapies, School of Veterinary Medicine, 
University of Pennsylvania), an animal facility that is AAALAC accredited.

Efficacy assessment methods
Regular ophthalmic examinations including biomicroscopy, tonometry, indirect ophthalmoscopy, 
and fundus photography were performed at baseline and throughout the in-life period to monitor 
post-operative changes including funduscopic signs of retinal preservation.  

Non-invasive retinal imaging using cSLO and OCT with a Spectralis Heidelberg HRA/OCT2 
unit was performed at baseline and at various timepoints post injection (PI), to examine the effect 
of gene therapy intervention on retention of ONL thickness.  

Full-field ERG (Espion E3, Diagnosys LLC electrophysiological system) was performed at 
baseline and at various timepoints post injection to assess the effect of gene therapy on rod -, 
cone-, and mixed rod/cone-mediated function. 

Visually-guided behavior was tested under scotopic, mesopic and photopic environments (8 
different conditions ranging from 0.003 to 646 Lux) in a custom-made obstacle avoidance 
course. Uniocular testing was conducted by masking the contralateral eye with an opaque 
occluder. Transit time and number of collisions were measured from video recordings by a 
masked examiner.

In situ hybridization (ISH) was performed on paraformaldehyde fixed, cryoprotected and OCT 
embedded retinal tissues using NPHP5 probes (RNAscope™) to detect expression of the human 
NPHP5 transgene.
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Efficacy of AAV-NPHP5 in dogs
A summary of the unpublished results of the proof-of-concept studies conducted at the School of
Veterinary Medicine, University of Pennsylvania to this date with the ssAAV2/5-GRK1-
hNPHP5-WPRE viral vector is shown in the Table below .

Study #1: Efficacy of hNPHP5 transgene expression in photoreceptor cells was first established 
in a WT dog that was subretinal-injected with two doses OD: 4.76 x 1012 vg/mL, and OS: 4.76 
x 1011 vg /mL; subretinal injection (SRI) vol: 100 μL) of ssAAV2/5-GRK1-hNPHP5-WPRE

.
Study #2: Long term efficacy of AAV-NPHP5 in mutant NPHP5 dogs was then evaluated in 2 
NPHP5 mutant dogs that received an SRI of ssAAV2/5-GRK1-hNPHP5-WPRE in one eye (4.76
x 1011 vg/mL; SRI vol: 50-110 μL) at early/mid stage disease. Structural preservation (ONL
detected by OCT imaging in the treated area), functional improvement (retention of some rod-
mediated function and recovery of cone-mediated function detected by ERG), as well as
improved visual performance under photopic, mesopic and photopic illumination in an obstacle
avoidance course were observed for > 2 years .

Study #3: Long-term efficacy of AAV-NPHP5 was subsequently evaluated in a mutant NPHP5 
dog that received an SRI of ssAAV2/5-GRK1-hNPHP5-WPRE in one eye (4.76 x 1011 vg/mL; 
SRI vol: 150 μL) at late-stage disease. Mild structural preservation (ONL detected by OCT
imaging in the treated area), functional improvement (recovery of cone-mediated function 
detected by ERG), as well as improved visual performance under photopic, mesopic and
photopic illumination in an obstacle avoidance course were observed for up to 2 years

.
Study #4: was conducted to determine the therapeutic range of ssAAV2/5-GRK1-hNPHP5-
WPRE by assessing efficacy and safety in 3 NPHP5 mutant dogs subretinally-injected 
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uniocularly at mid-stage disease (~ 12 weeks of age) with one of three doses (Low: 4.76 x1010;
Mid: 1.0 x 1011; High: 4.76 x 1011 vg/mL; SRI volume: 70 -150 μL). The overall goal being to 
identify the lowest dose that still provides some efficacy.
Funduscopic examination showed retention of retinal vasculature (mid and high doses) and 
reduction of tapetal hyperreflectivity (a clinical sign of retinal degeneration in dogs) only in the 
high-dosed animal.

OCT imaging revealed of mild to pronounced retention of ONL thickness in the treated retinal 
area of all 3 dogs that was dose-dependent. 

Retinal function assessed by full-field ERG showed a transient recovery of cone function as early 
as 12 weeks PI in the low-dosed animal. In the mid-dosed animal, cone-mediated function was 
first seen at 8 weeks PI, and although decreased, was still detectable at 84 weeks PI. Earlier 
restoration of cone function (4 weeks PI) that was also associated with restoration of rod function 
(8 weeks PI) was seen in the high-dosed animal and sustained at 84 weeks PI.

Visually-guided behavior assessed using a multiluminance obstacle avoidance course showed 
improved performance under photopic (cone-stimulating) conditions in the low-dosed animal. 
Improved visual performance was also seen in the mid-dosed dog when testing the treated eye 
under, mesopic (rod and cone stimulating) and photopic (cone stimulating) conditions. In the 
high-dosed animal improvement was seen when testing under scotopic (rod-stimulating). 
mesopic (rod and cone stimulating) and photopic (cone stimulating) conditions. In all three dogs
the positive effect on restoration of visual behavior was seen up to > 90 weeks PI. There were 
no clinical signs of ocular toxicity/inflammation noted during that period .

Conclusions 
The results of these proof-of-concept studies confirm prior work (61, 62) that showed that AAV-
mediated NPHP5 gene augmentation rescues the disease phenotype in a clinically-relevant large 
animal model of NPHP5-IRD. Efficacy of ssAAV2/5-GRK1-hNPHP5-WPRE was demonstrated 
with a viral titer as low as 4.76 x 1010 vg/mL. This will provide useful guidance for the selection 
of doses to be tested in the context of a future IND-enabling efficacy and safety study. 
Functional readouts (restoration of cone ERG function could be detected as early as 4 weeks PI. 
Intervention in NPHP5 mutant dogs at a late stage-disease that resembles that observed in 
teenage NPHP5 patients was efficacious. Efficacy was sustained for > 96 weeks PI. Although no 
histological assessment has yet been performed in any of the mutant NPHP5 dogs enrolled in 
these studies, clinical assessment has not revealed any signs of treatment-related ocular 
inflammation or toxicity.
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5 ORPHAN DRUG STATUS

AAV-NPHP5 is not currently designated as an Orphan Drug to treat NPHP5-IRD or any other 
indication in the United States. We are seeking Orphan Drug Designation for this gene therapy. 

6 PATIENT SUBSET CONSIDERATIONS AND MEDICAL PLAUSIBILITY OF 
THE CHOSEN SUBSET

NPHP5-IRD is an extremely rare disease; we are not requesting use of this investigational 
product for a subset of affected individuals. This section does not apply to this therapy. 

7 REGULATORY STATUS AND MARKETING HISTORY

AAV2/5-NPHP5 is not currently marketed or approved for use in any country, including the 
United States. In accordance with section 526(a)(1) of the Federal Food, Drug, and Cosmetic Act 
[21 USC 360bb(a)(1)]; 21 CFR 316.20(b)(7); and 21 CFR 316.23(a), NCATS has not previously 
submitted a marketing application to FDA for the same active moiety in AAV2/5-NPHP5 for the 
same rare disease or condition prior to submission of the AAV2/5-NPHP5 rare pediatric disease
designation request.

This therapy is currently in the late stages of pre-clinical development. There have been no 
interactions with the FDA to date regarding this investigational product, but we preparing to 
schedule a pre-IND meeting with the FDA to discuss the planned IND enabling toxicity and 
pharmacology studies and review the completed proof of concept preclinical studies. We are 
targeting IND application submission for fall of 2025. 

8 DOCUMENTATION OF PATIENT POPULATION SIZE

NPHP5-IRD is a very rare condition with prevalence estimates ranging from 1:4,185,000 to 
1:346,000. It is estimated that 972 individuals are affected by NPHP5-IRD in the United States.
A PubMed literature search was performed, identifying prevalence estimates of NPHP5-IRD. 
Since NPHP5-IRD is very rare, sources examining populations outside of the US were also 
included.  

The table below summarizes estimates of prevalence, largely based on cohort data collected by 
IRD-clinics, with the exception being a study that analyzed large genomic databases to estimate 
the number of individuals affected with NPHP5-IRD globally (24-27, 66, 67). The total 
population of the US used in the calculations is 336,442,310 
(https://www.census.gov/popclock/).
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Stone et al., 2017 
(27)

Estimated 
prevalence for 
US:
1:346,000 
(972 people) 

5 probands in 1,000 consecutive probands studied (760 
of which were molecularly clarified) in a clinic in the 
US were found to have IRD due to mutations in 
NPHP5. The data were collected from consecutive 
families, and represented individuals from 40 of the 50 
states, so the data, although collected at one clinic, 
could be considered representative of the US 
population. Extrapolating from a known prevalence of 
ABCA4 in the US (1:10,000), the prevalence of NPHP5-
IRD in the US is estimated to be 1:346,000. Based on 
the US population at the time, the authors estimated the 
total number of people to have NPHP5-IRD in the US 
to be 938. The total number of people born annually in 
the US with NPHP5-IRD was estimated to be 12. Using 
an updated US population of 336,442,310, the total 
number of affected individuals is estimated to be 972.

Hanany et al., 2020 
(24)

Estimated 
global 
prevalence:
1:1,390,273 

Estimated 
prevalence for 
US:
1:448,069 
(751 people) 

Based on large genetic databases, the incidence of those 
affected by NPHP5-IRD was calculated for 6 major 
global subpopulations, and based on their populations, 
estimated number of affected individuals was 
calculated. From these calculations, the authors 
estimated that 5,467 individuals globally were affected 
by NPHP5-IRD at the time of publication. This equates 
to a prevalence of 1:1,390,273 (or a frequency of 
7.19x10-7). Note that subpopulation frequencies for 
those affected by NPHP5-IRD ranged from 2.01x10-9

(those in Finland) to 2.79x10-6 (for those in Europe).  

Based off of these data, and using the US Census US 
and World population clock 
(https://www.census.gov/popclock/) and the 2020 
census population data 
(https://www.census.gov/quickfacts/) we can very 
roughly estimate the prevalence of NPHP5-IRD in the 
US, using the total US population of 336,442,310. 
Approximately 75.5% of those living in the US are 
White. If using the proportion from Hanany et al., 2020 
for European descent (2.79x10-6), then approximately 
710 individuals in the US (of European descent) are 
affected. 13.9% of the US population is black. Using the 
proportion of affected NPHP5-IRD for African 
(5.01x10-7), approximately 23 people in the US of 
African descent are affected. The average proportion of 
Asian populations (South Asian and East Asian) is 
8.28x10-7. If 6.3% of the population in the US is of 
Asian descent, then approximately 18 affected people of 
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Asian descent in the US. Totaled, there are roughly 751 
people affected in the US, which would equate to a 
prevalence of 1:448,069. This figure is comparable to 
the Stone et al., 2017 estimate. 

Pontikos et al., 
2020 (66)

Estimated 
prevalence for 
UK cohort: 
1:605,454 

Estimated 
prevalence in 
the US: 556 
people 

Pontikos et al., 2020 analyzed three cohorts of their IRD 
clinic in the United Kingdom (UK). The main study 
retrospectively analyzed 4236 individuals with 
molecularly clarified diagnoses from 3195 families (the 
‘main cohort’). They also studied a pediatric 
subpopulation (‘pediatric cohort’) consisting of 452 
individuals from 411 families and a third cohort of 
patients who were seen within the last 2-3 years by the 
clinic (the ‘current cohort’). NPHP5 was responsible for 
causing disease in 11 families in the ‘main cohort’ and 5 
families in the ‘current cohort,’ which accounts for ~ 
0.34% of families in each respective cohort. In the 
pediatric cohort, NPHP5 was disease-causing in 5 
families, which is 1.23% of the families analyzed in the 
cohort. NPHP5-IRD is diagnosed early in life, and thus 
accounts for a greater proportion of pediatric patients 
compared to the populations that include adults.  

In order to roughly estimate prevalence using this data, 
we will assume that, as is in Stone et al., that the 
incidence of ABCA4 disease-causing mutations in the 
UK is also 1:10,000. The Stone et al., 2017 paper 
analyzed the proband per family, and so we will use the 
number of families in this calculation. Using the ‘main 
cohort’ data, the number of families with ABCA4-IRD 
was 666. If 666 families represent a prevalence of 
1:10,000, then it can be understood that 11 families with 
NPHP5-IRD represents a prevalence of 1:605,454. 
Applying this prevalence to the US population, 
approximately 556 individuals are affected in US.

Karali et al., 2022 
(26)

Global 
estimate of 
prevalence:

1:4,185,000,

or 

1:2,675,000

Estimated 
prevalence in 

Karali et al., 2022 retrospectively analyzed an Italian 
cohort consisting of 2790 individuals diagnosed with an 
IRD, which were followed by a single eye clinic.  2036 
patients were molecularly clarified. Of those who were 
molecularly clarified, NPHP5-IRD accounted for 2 
individuals. 2 of the total 2790 patients is 0.072%. This 
paper gives the general prevalence of all IRDs to be 
1:3,000. If we use this global figure for IRD prevalence, 
then 0.072% of the 1 in 3000 who are affected would be 
attributed to mutations in NPHP5. This would equate to 
a prevalence of 1:4,347,826, which, if applied to the US 
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the US: 80 or 
126 people 

population, would estimate a prevalence of 80 
individuals. 

If instead, we used the assumption that ABCA4
mutations have a frequency of 1:10,000, and ABCA4
caused disease in 535 individuals in the cohort of 2790 
individuals as given in the paper, then it can be 
calculated that NPHP5-IRD has a prevalence of 
1:2,675,000. When applied to the US population 126 
people would be estimated to have NPHP5-IRD in the 
US. Although much lower prevalence is estimated 
based on this study, the figures are similar to the global 
estimates from Hanay et al., 2020.

Zobor et al., 2023 
(25)

Estimated 
prevalence in 
German 
cohort:  
1:1,680,000 – 
1:630,000 

Estimated 
prevalence in 
the US: 200 – 
534 people 

This group analyzed a German cohort that was 
diagnosed with Leber congenital amaurosis. Of the 105 
individuals analyzed, NPHP5 was found to cause 
disease in 5.  Based on the estimates given of the 
prevalence of LCA ranging from 1:30,000 and 1:80,000 
given in this manuscript, it can be calculated that the 
range of NPHP5-IRD prevalence is approximately 
1:1,680,000 and 1:630,000. In the US, this would mean 
that 200-534 individuals would be affected. This 
estimate of prevalence aligns with estimates from other 
sources. 

Lin et al., 2024 
(67)

Estimated 
prevalence in 
UK cohort: 
1:715,000 

Estimated 
prevalence in 
the US: 470 
people 

4415 patients from 3953 families who were molecularly 
diagnosed with an IRD and seen at a single clinic in the 
UK between 2003 and 2020 were analyzed in this 
retrospective analysis. Twelve families had mutations in 
NPHP5. Using the methodology in Stone et al., 2017, 
assuming that ABCA4 causes disease in 1:10,000 in a 
general population, and it was found that 858 families 
had ABCA4-IRD in this cohort, then the prevalence of
NPHP5-IRD is estimated to be 1:715,000, and 470 
individuals are expected to be affected in the US. This 
estimate is also similar to others, all of which estimate 
prevalence to be less than 1,000 affected in the US.

There are limitations to these estimates. Since this is such a rare disease with very little 
information regarding prevalence, many estimates are derived from clinics in Europe, outside the 
United States. It is assumed that the prevalence calculated outside the US could be directly 
applied to the US population; however, populations outside the US may not represent the 
demographics of the US population and thus may not accurately reflect the prevalence of 
NPHP5-IRD in the US. This may explain some of the variability in estimates that were 
calculated from different sources. Additionally, many estimates are based on the prevalence of 
ABCA4-IRD, which may be variable in different countries. Regardless of these limitations, the 

For Information Purposes Only. Permissions granted to reproduce by partners and collaborators.



National Institutes of Health Rare Pediatric Disease Designation Request
AAV2/5-NPHP5 June 18, 2024

Page 24 of 30 Confidential

rarity of this disease is apparent. The most conservative estimate of the number of individuals in 
the US that are affected is from a source that is derived from the US population, and so it can be 
assumed to be the most reflective of the actual prevalence. Using this estimate, 972 people in the 
US are affected by NPHP5-IRD.        

9 RARE PEDIATRIC DISEASE DESIGNATION JUSTIFICATION

Based on the evidence presented above, pursuant to Section 908 of FDASIA, and consistent with 
the Rare Pediatric Disease Priority Review Vouchers Guidance for Industry, the National 
Institutes of Health requests that AAV-NPHP5 be designated as a Rare Pediatric Drug Product 
for the treatment of NPHP5-IRD. 

NPHP5-IRD is a serious and debilitating disease that primarily affects pediatric populations; 
children are affected from birth or early childhood and exhibit profound and permanent visual 
impairment that significantly reduces quality of life for those affected (3, 4, 8, 14, 17-19, 40). 
There is currently no approved treatment or cure. NPHP5-IRD is an extremely rare form of IRD, 
with only approximately 972 individuals affected in the United States (27) and 5,400 affected 
individuals globally (24).

Retained retinal structure in these patients is disproportionately better relative to the severe level 
of visual impairment, which suggests that this disease, if treated, could result in visual 
improvement (52). AAV-NPHP5 is a gene therapy investigational product that would deliver a 
functional copy of the gene to photoreceptors, correcting for the ciliary defect, and thus restoring 
function in the remaining photoreceptors of these patients. 

Gene therapy for NPHP5-IRD is expected to improve photoreceptor signaling and this effect can 
be measured clinically as an improvement in light sensitivity. We expect this type of efficacy 
outcome both in pediatric as well as adult patients. More challenging will be improving higher 
level features of vision, such as visual acuity. In CEP290-IRD, patients with childhood-onset 
bilateral blindness who were treated decades later as adults have not recovered high level vision 
(57). Attainment of visual perception is a gradual process driven by visual experience over many 
months to years of life during early postnatal neurodevelopment. In non-human animals, lack of 
visual experience in the early postnatal period is known to result in major deficits in 
neuroanatomy and neurochemistry which are only partially reversible when vision is regained 
beyond a critical period (68-71). Translation of these experimental findings to human vision loss 
and later recovery has been studied extensively in amblyopia with early monocular visual 
impairment and in congenital bilateral dense cataracts with early binocular blindness (72-74). 
The conclusions are that treatment of severe visual deprivation must be corrected early during a 
window of cortical plasticity for good outcomes. Therefore, we believe AAV-NPHP5 treatment 
of NPHP5-IRD will demonstrate best outcomes in vision recovery in pediatric subjects both in 
terms of intervention occurring before the loss of majority of the photoreceptors and allowing 
normal development of the visual brain. 

For Information Purposes Only. Permissions granted to reproduce by partners and collaborators.



National Institutes of Health Rare Pediatric Disease Designation Request
AAV2/5-NPHP5 June 18, 2024

Page 25 of 30 Confidential

10 REFERENCES

1. N. Schneider et al., Inherited retinal diseases: Linking genes, disease-causing variants,
and relevant therapeutic modalities. Prog Retin Eye Res 89, 101029 (2022).

2. N. Kumaran, A. T. Moore, R. G. Weleber, M. Michaelides, Leber congenital
amaurosis/early-onset severe retinal dystrophy: clinical features, molecular genetics and
therapeutic interventions. Br J Ophthalmol 101, 1147-1154 (2017).

3. S. Sen et al., IQCB1 (NPHP5)-retinopathy: Clinical and genetic characterization and
natural history. Am J Ophthalmol 10.1016/j.ajo.2024.03.009 (2024).

4. E. M. Stone et al., Variations in NPHP5 in patients with nonsyndromic Leber congenital
amaurosis and Senior-Loken syndrome. Arch Ophthalmol 129, 81-87 (2011).

5. E. A. Otto et al., Nephrocystin-5, a ciliary IQ domain protein, is mutated in Senior-Loken
syndrome and interacts with RPGR and calmodulin. Nat Genet 37, 282-288 (2005).

6. A. Estrada-Cuzcano et al., IQCB1 mutations in patients with Leber congenital amaurosis.
Invest Ophthalmol Vis Sci 52, 834-839 (2011).

7. L. M. Downs et al., Overlap of abnormal photoreceptor development and progressive
degeneration in Leber congenital amaurosis caused by NPHP5 mutation. Hum Mol Genet
25, 4211-4226 (2016).

8. A. V. Cideciyan et al., Cone photoreceptors are the main targets for gene therapy of
NPHP5 (IQCB1) or NPHP6 (CEP290) blindness: Generation of an all-cone Nphp6
hypomorph mouse that mimics the human retinal ciliopathy. Hum Mol Genet 20, 1411-
1423 (2011).

9. J. Charng et al., Pupillary light reflexes in severe photoreceptor blindness isolate the
melanopic component of intrinsically photosensitive retinal ganglion cells. Invest
Ophthalmol Vis Sci 58, 3215-3224 (2017).

10. A. Vincent, A. AlAli, H. MacDonald, C. VandenHoven, E. Heon, Specific retinal
phenotype in early IQCB1-related disease. Eye (Lond) 32, 646-651 (2018).

11. A. Sumaroka et al., Treatment potential for macular cone vision in Leber congenital
amaurosis due to CEP290 or NPHP5 mutations: Predictions from artificial intelligence.
Invest Ophthalmol Vis Sci 60, 2551-2562 (2019).

12. A. K. Krishnan et al., Transient pupillary light reflex in CEP290- or NPHP5-associated
Leber congenital amaurosis: Latency as a potential outcome measure of cone function.
Vis Res 168, 53-63 (2020).

13. E. Rishi, S. Goel, P. Rishi, Senior-Loken syndrome secondary to IQCB1 mutation in
association with retinitis pigmentosa. Can J Ophthalmol 56, e112-e114 (2021).

14. E. L. Hamblion, A. T. Moore, J. S. Rahi, The health-related quality of life of children
with hereditary retinal disorders and the psychosocial impact on their families. Invest
Ophthalmol Vis Sci 52, 7981-7986 (2011).

15. A. Lloyd et al., Estimation of impact of RPE65-mediated inherited retinal disease on
quality of life and the potential benefits of gene therapy. Br J Ophthalmol 103, 1610-
1614 (2019).

16. F. Simonelli et al., Narrative medicine to investigate the quality of life and emotional
impact of inherited retinal disorders through the perspectives of patients, caregivers and
clinicians: an Italian multicentre project. BMJ Open 12, e061080 (2022).

For Information Purposes Only. Permissions granted to reproduce by partners and collaborators.



National Institutes of Health Rare Pediatric Disease Designation Request
AAV2/5-NPHP5 June 18, 2024

Page 26 of 30 Confidential

17. B. P. Leroy et al., Leber congenital amaruosis due to CEP290 mutations - severe vision
impairment with a high unmet medical need: A review. Retina 41, 898-907 (2021).

18. C. Kay et al., Qualitative exploration of the visual function impairments and impacts on
vision-dependent activities of daily living in retinitis pigmentosa and Leber congenital
amaurosis: Content validation of the ViSIO-PRO and ViSIO-ObsRO measures. J Patient
Rep Outcomes 7, 74 (2023).

19. C. S. D'Amanda, R. Nolen, L. A. Huryn, A. Turriff, Psychosocial impacts of Mendelian
eye conditions: A systematic literature review. Surv Ophthalmol 65, 562-580 (2020).

20. D. K. Decarlo, G. McGwin, Jr., M. L. Bixler, J. Wallander, C. Owsley, Impact of
pediatric vision impairment on daily life: results of focus groups. Optom Vis Sci 89,
1409-1416 (2012).

21. M. Hanany, S. Shalom, T. Ben-Yosef, D. Sharon, Comparison of worldwide disease
prevalence and genetic prevalence of inherited retinal diseases and variant interpretation
considerations. Cold Spring Harb Perspect Med 14 (2024).

22. R. K. Koenekoop, An overview of Leber congenital amaurosis: a model to understand
human retinal development. Surv Ophthalmol 49, 379-398 (2004).

23. E. M. Stone, Leber congenital amaurosis - a model for efficient genetic testing of
heterogeneous disorders: LXIV Edward Jackson Memorial Lecture. Am J Ophthalmol
144, 791-811 (2007).

24. M. Hanany, C. Rivolta, D. Sharon, Worldwide carrier frequency and genetic prevalence
of autosomal recessive inherited retinal diseases. Proc Natl Acad Sci USA 117, 2710-
2716 (2020).

25. D. Zobor, B. Bruhwiler, E. Zrenner, N. Weisschuh, S. Kohl, Genetic and clinical profile
of retinopathies due to disease-causing variants in Leber congenital amaurosis (LCA)-
associated genes in a large German cohort. Int J Mol Sci 24 (2023).

26. M. Karali, F. Testa, V. Di Iorio, e. al., Genetic epidemiology of inherited retinal diseases
in a large patient cohort followed at a single center in Italy. Sci Rep 12, 20815 (2022).

27. E. M. Stone et al., Clinically focused molecular investigation of 1000 consecutive
families with inherited retinal disease. Ophthalmology 124, 1314-1331 (2017).

28. S. G. Jacobson et al., Identifying photoreceptors in blind eyes caused by RPE65
mutations: Prerequisite for human gene therapy success. Proc Natl Acad Sci USA 102,
6177-6182 (2005).

29. M. D. Fischer et al., Real-world safety and effectiveness of voretigene neparvovec:
Results up to 2 years from the prospective, registry-based PERCEIVE study.
Biomolecules 14 (2024).

30. S. Russell et al., Efficacy and safety of voretigene neparvovec (AAV2-hRPE65v2) in
patients with RPE65-mediated inherited retinal dystrophy: a randomised, controlled,
open-label, phase 3 trial. Lancet 390, 849-860 (2017).

31. A. M. Maguire et al., Efficacy, safety, and durability of voretigene neparvovec-rzyl in
RPE65 mutation-associated inherited retinal dystrophy: Results of phase 1 and 3 trials.
Ophthalmology 126, 1273-1285 (2019).

32. A. M. Maguire et al., Durability of voretigene neparvovec for biallelic RPE65-mediated
inherited retinal disease: Phase 3 results at 3 and 4 years. Ophthalmology 128, 1460-1468
(2021).

For Information Purposes Only. Permissions granted to reproduce by partners and collaborators.



National Institutes of Health Rare Pediatric Disease Designation Request
AAV2/5-NPHP5 June 18, 2024

Page 27 of 30 Confidential

33. S. G. Jacobson et al., Gene therapy for leber congenital amaurosis caused by RPE65
mutations: Safety and efficacy in 15 children and adults followed up to 3 years. Arch
Ophthalmol 130, 9-24 (2012).

34. A. V. Cideciyan, Leber congenital amaurosis due to RPE65 mutations and its treatment
with gene therapy. Prog Retin Eye Res 29, 398-427 (2010).

35. A. V. Cideciyan et al., Human RPE65 gene therapy for leber congenital amaurosis:
Persistence of early visual improvements and safety at 1 year. Human Gene Therapy 20,
999-1004 (2009).

36. A. M. Maguire et al., Safety and efficacy of gene transfer for Leber's congenital
amaurosis. N Engl J Med 358, 2240-2248 (2008).

37. W. W. Hauswirth et al., Treatment of Leber congenital amaurosis due to RPE65
mutations by ocular subretinal injection of adeno-associated virus gene vector: Short-
term results of a phase I trial. Hum Gene Ther 19, 979-990 (2008).

38. A. V. Cideciyan et al., Human gene therapy for RPE65 isomerase deficiency activates the
retinoid cycle of vision but with slow rod kinetics. Proc Natl Acad Sci USA 105, 15112-
15117 (2008).

39. R. K. Chadha, A. Subramanian, The effect of visual impairment on quality of life of
children aged 3-16 years. Br J Ophthalmol 95, 642-645 (2011).

40. E. A. Lundeen, S. Saydah, J. R. Ehrlich, J. Saaddine, Self-reported vision impairment and
psychological distress in U.S. adults. Ophthalmic Epidemiol 29, 171-181 (2022).

41. B. Do et al., Systematic review and meta-analysis of the association of Autism Spectrum
Disorder in visually or hearing impaired children. Ophthalmic Physiol Opt 37, 212-224
(2017).

42. R. A. Rachel, T. Li, A. Swaroop, Photoreceptor sensory cilia and ciliopathies: focus on
CEP290, RPGR and their interacting proteins. Cilia 1, 22 (2012).

43. T. Schafer et al., Genetic and physical interaction between the NPHP5 and NPHP6 gene
products. Hum Mol Genet 17, 3655-3662 (2008).

44. L. Sang et al., Mapping the NPHP-JBTS-MKS protein network reveals ciliopathy disease
genes and pathways. Cell 145, 513-528 (2011).

45. D. Shiba, T. Yokoyama, The ciliary transitional zone and nephrocystins. Differentiation
83, S91-96 (2012).

46. M. Barbelanne, J. Song, M. Ahmadzai, W. Y. Tsang, Pathogenic NPHP5 mutations
impair protein interaction with Cep290, a prerequisite for ciliogenesis. Hum Mol Genet
22, 2482-2494 (2013).

47. M. Barbelanne, D. Hossain, D. P. Chan, J. Peranen, W. Y. Tsang, Nephrocystin proteins
NPHP5 and Cep290 regulate BBSome integrity, ciliary trafficking and cargo delivery.
Hum Mol Genet 24, 2185-2200 (2015).

48. D. Takao, L. Wang, A. Boss, K. J. Verhey, Protein interaction analysis provides a map of
the spatial and temporal organization of the ciliary gating zone. Curr Biol 27, 2296-2306
e2293 (2017).

49. T. L. Blasius, D. Takao, K. J. Verhey, NPHP proteins are binding partners of
nucleoporins at the base of the primary cilium. PLoS One 14, e0222924 (2019).

50. V. L. Potter, A. R. Moye, M. A. Robichaux, T. G. Wensel, Super-resolution microscopy
reveals photoreceptor-specific subciliary location and function of ciliopathy-associated
protein CEP290. JCI Insight 6, e145256 (2021).

For Information Purposes Only. Permissions granted to reproduce by partners and collaborators.



National Institutes of Health Rare Pediatric Disease Designation Request
AAV2/5-NPHP5 June 18, 2024

Page 28 of 30 Confidential

51. T. G. Wensel, V. L. Potter, A. Moye, Z. Zhang, M. A. Robichaux, Structure and
dynamics of photoreceptor sensory cilia. Pflugers Arch 473, 1517-1537 (2021).

52. A. V. Garafalo et al., Progress in treating inherited retinal diseases: Early subretinal gene
therapy clinical trials and candidates for future initiatives. Prog Retin Eye Res 77,
100827-100827 (2020).

53. A. I. den Hollander et al., Mutations in the CEP290 (NPHP6) gene are a frequent cause
of Leber congenital amaurosis. Am J Hum Genet 79, 556-561 (2006).

54. K. Dulla et al., Splice-modulating oligonucleotide QR-110 restores CEP290 mRNA and
function in human c.2991+1655A>G LCA10 models. Mol Ther Nucleic Acids 12, 730-
740 (2018).

55. S. R. Russell et al., Intravitreal antisense oligonucleotide sepofarsen in Leber congenital
amaurosis type 10: a phase 1b/2 trial. Nat Med 28, 1014-1021 (2022).

56. A. V. Cideciyan et al., Durable vision improvement after a single treatment with
antisense oligonucleotide sepofarsen: a case report. Nat Med 27, 785-789 (2021).

57. A. V. Cideciyan et al., Restoration of cone sensitivity to individuals with congenital
photoreceptor blindness within the phase 1/2 sepofarsen trial. Ophthalmol Sci 2, 100133
(2022).

58. A. V. Cideciyan et al., Effect of an intravitreal antisense oligonucleotide on vision in
Leber congenital amaurosis due to a photoreceptor cilium defect. Nat Med 25, 225-228
(2019).

59. E. A. Pierce et al., Safety and efficacy of EDIT-101 for treatment of CEP290-associated
retinal degeneration. Investigative Ophthalmology & Visual Science 64 (2023).

60. E. A. Pierce et al., Gene editing for CEP290-associated retinal degeneration. N Engl J
Med 10.1056/NEJMoa2309915 (2024).

61. G. D. Aguirre et al., Gene therapy reforms photoreceptor structure and restores vision in
NPHP5-associated Leber congenital amaurosis. Mol Ther 29, 2456-2468 (2021).

62. W. A. Beltran et al., Long-term follow up of gene therapy for NPHP5-LCA in a canine
model shows restoration of photoreceptor function and vision for > 5 years. Investigative
Ophthalmology & Visual Science 63 (2022).

63. M. Schnodt et al., DNA minicircle technology improves purity of adeno-associated viral
vector preparations. Mol Ther Nucleic Acids 5, e355 (2016).

64. J. Wu et al., Self-complementary recombinant adeno-associated viral vectors: packaging
capacity and the role of rep proteins in vector purity. Hum Gene Ther 18, 171-182 (2007).

65. O. Goldstein et al., IQCB1 and PDE6B mutations cause similar early onset retinal
degenerations in two closely related terrier dog breeds. Invest Ophthalmol Vis Sci 54,
7005-7019 (2013).

66. N. Pontikos et al., Genetic basis of inherited retinal disease in a molecularly characterized
cohort of more than 3000 families from the United Kingdom. Ophthalmology 127, 1384-
1394 (2020).

67. S. Lin et al., Spectrum of genetic variants in the most common genes causing inherited
retinal disease in a large molecularly characterized United Kingdom cohort. Ophthalmol
Retina 10.1016/j.oret.2024.01.012 (2024).

68. D. H. Hubel, T. N. Wiesel, Receptive fields, binocular interaction and functional
architecture in the cat's visual cortex. The Journal of physiology 160, 106-154 (1962).

For Information Purposes Only. Permissions granted to reproduce by partners and collaborators.



National Institutes of Health Rare Pediatric Disease Designation Request
AAV2/5-NPHP5 June 18, 2024

Page 29 of 30 Confidential

69. T. N. Wiesel, D. H. Hubel, Comparison of the effects of unilateral and bilateral eye
closure on cortical unit responses in kittens. Journal of neurophysiology 28, 1029-1040
(1965).

70. D. H. Hubel, T. N. Wiesel, S. LeVay, Plasticity of ocular dominance columns in monkey
striate cortex. Philosophical transactions of the Royal Society of London. Series B,
Biological sciences 278, 377-409 (1977).

71. W. J. Park, I. Fine, New insights into cortical development and plasticity: from molecules
to behavior. Current opinion in physiology 16, 50-60 (2020).

72. I. Fine, H. S. Smallman, P. Doyle, D. I. MacLeod, Visual function before and after the
removal of bilateral congenital cataracts in adulthood. Vision research 42, 191-210
(2002).

73. E. E. Birch, Amblyopia and binocular vision. Prog Retin Eye Res 33, 67-84 (2013).
74. A. Kalia et al., Development of pattern vision following early and extended blindness.

Proc Natl Acad Sci USA 111, 2035-2039 (2014).

For Information Purposes Only. Permissions granted to reproduce by partners and collaborators.



National Institutes of Health Rare Pediatric Disease Designation Request
AAV2/5-NPHP5 June 18, 2024

Page 30 of 30 Confidential

11 APPENDIX : NUCLEOTIDE SEQUENCE OF HUMAN NPHP5 CDNA
INCLUDED IN SSAAV2/5-GRK1-HNPHP5-WPRE VECTOR:

ATGAAGCCAACAGGTACAGACCCAAGGATCTTATCTATAGCTGCTGAAGTTGCAAAAAGCC
CTGAGCAGAATGTCCCTGTTATACTGTTGAAGTTAAAAGAAATAATAAACATCACACCTTTA
GGAAGCTCAGAGTTGAAGAAAATCAAACAAGATATATATTGTTATGATCTCATTCAATATTG
CCTCTTGGTCCTCAGTCAAGATTATTCTCGAATCCAGGGTGGTTGGACTACAATTTCCCAGCT
TACACAGATATTAAGCCATTGCTGTGTGGGCTTGGAGCCAGGAGAAGATGCAGAGGAATTTT
ACAATGAATTACTTCCATCAGCTGCAGAAAATTTTCTAGTTTTGGGGAGACAATTACAAACA
TGTTTTATCAATGCAGCTAAGGCTGAAGAAAAAGATGAATTACTACACTTTTTCCAAATTGT
GACTGATTCTCTCTTCTGGCTTTTGGGAGGCCATGTTGAACTTATTCAGAATGTACTACAAAG
TGATCATTTCTTACATTTACTGCAAGCTGACAATGTCCAAATAGGATCTGCAGTCATGATGAT
GCTACAGAATATATTACAGATCAACAGTGGTGATTTACTCAGAATAGGAAGAAAAGCCCTG
TATTCAATTTTAGATGAAGTTATTTTCAAGCTTTTTTCAACTCCTAGTCCAGTTATAAGAAGT
ACTGCTACAAAACTCCTACTGTTGATGGCTGAATCCCATCAGGAAATTTTGATTTTACTGAG
ACAAAGTACCTGCTACAAAGGACTCAGACGTCTACTAAGTAAACAGGAAACTGGGACTGAA
TTCAGTCAAGAACTTAGACAGCTTGTTGGCCTTTTAAGCCCAATGGTCTATCAGGAAGTAGA
AGAGCAGAAACTACATCAAGCAGCATGCTTGATTCAAGCCTATTGGAAGGGTTTTCAGACA
AGAAAGAGATTAAAGAAGCTTCCATCTGCTGTGATTGCTTTGCAGAGGAGTTTCAGATCCAA
ACGATCAAAGATGTTGCTGGAGATAAATAGGCAGAAGGAAGAAGAGGACCTCAAATTACAA
TTGCAACTTCAAAGACAGAGAGCCATGAGACTTTCCCGAGAATTGCAGCTGAGTATGCTCGA
AATAGTTCATCCAGGTCAGGTGGAGAAACACTATCGGGAAATGGAAGAGAAATCAGCACTG
AATATCCAGAAACATTGGAGAGGGTACAGGGAAAGGAAAAATTTTCACCAACAGAGGCAGT
CTCTCATAGAGTATAAAGCAGCTGTCACACTTCAAAGAGCAGCGCTTAAATTCCTAGCGAAG
TGCCGTAAGAAAAAGAAACTATTTGCTCCTTGGCGAGGACTCCAAGAACTCACTGATGCACG
CCGAGTTGAACTGAAGAAACGAGTGGATGACTATGTCAGAAGACATTTGGGCTCTCCAATGT
CAGATGTGGTCAGTAGGGAGCTCCATGCCCAAGCTCAAGAACGACTGCAACACTACTTTATG
GGCAGGGCCCTAGAAGAGCGAGCCCAGCAGCACAGAGAAGCTCTGATAGCACAGATCAGC
ACCAACGTTGAACAGCTAATGAAGGCACCAAGTCTGAAGGAGGCAGAAGGGAAAGAACCT
GAGCTCTTCCTAAGTAGATCCAGGCCTGTGGCAGCCAAGGCCAAGCAGGCCCATCTCACAAC
CCTGAAGCACATACAAGCACCCTGGTGGAAGAAGCTTGGAGAAGAATCTGGAGATGAGATT
GATGTTCCAAAGGATGAGCTTAGTATAGAATTAGAAAATTTATTCATTGGTGGAACCAAACC
ACCTTAG

For Information Purposes Only. Permissions granted to reproduce by partners and collaborators.



National Institutes of Health (NIH)
AAV-NPHP5 for treatment of patients with NPHP5-IRD

Rare Pediatric Disease Designation Request

APPENDICES

Appendix : Letter of support from clinician specializing in IRDs

Appendix : Letter of support from patient advocacy group

Appendix : NPHP5 transgene expression in WT dogs treated with AAV-NPHP5

Appendix : Efficacy of AAV-NPHP5 in mutant NPHP5 dogs treated at early/mid-stage disease

Appendix : Long term efficacy of AAV-NPHP5 in a mutant NPHP5 dog treated at late-stage disease
Appendix : Therapeutic range and long-term stability of AAV-NPHP5 in mutant NPHP5 dogs.

For Information Purposes Only. Permissions granted to reproduce by partners and collaborators.



For Information Purposes Only. Permissions granted to reproduce by partners and collaborators.



May 30, 2024 

Office of Orphan Products Development 
Food and Drug Administration 
WO32-5295 
10903 New Hampshire Ave. 
Silver Spring, MD 20993 

RE: Rare Pediatric Disease Designation for NPHP5-IRD 

Dear Members of the FDA, 

It is with great enthusiasm that Hope in Focus supports this application requesting Rare Pediatric 
Disease Designation for NPHP5-associated retinal dystrophies. 

Hope in Focus is a non-profit patient advocacy organization for those living with Leber congenital 
amaurosis (LCA). LCA is a rare inherited retinal disease characterized by severe vision loss early in 
life. Most children with this disease are born with little or no vision, others may have significant vision 
loss in the first few years of life, stable vision for a period of time, and then eventually complete vision 
loss as the retina deteriorates into total blindness. Lastly, nearly all are legally blind before they enter 
elementary school. 

Our mission is to generate awareness, raise funds for research, and provide outreach, support, and 
education to those affected by LCA and other rare retinal diseases. We know firsthand the need for 
support, hope, and research to treat individuals who are affected. We also work closely with the 
research and regulatory community for education and to advance treatments in a meaningful way for 
those who are impacted. Hope in Focus was co-founded by Laura Manfre and Charles Priebe after 
their daughter Sofia was diagnosed with LCA caused by a mutation in her NPHP5 gene. While the 
organization has always supported all forms of LCA, we hold great hope for the prospect of a gene 
therapy to address NPHP5-associated retinal dystrophies.  

In October 2023, we hosted a Patient Listening Session with the FDA. , living with LCA 
(NPHP5-LCA) shared  experience and the difficulties faces with safety, independence, 
navigation, and socialization.  

“The biggest thing is safety. Just in daily living, lack of sight poses a lot of risks, such as when traveling, 
cooking, and just getting around. Lighting changes, darkness, and other conditions lead to increased 
difficulty in my functional vision. I have difficulty navigating, especially outside of my home, and often 
just learning to do things is a big challenge for me. Another challenge relates to socialization because I 
can’t make observations easily and that impacts my ability to make connections and often leads to a lot 
of staring in public!”  
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Testing of visually-guided behavior in dog WM66 revealed visual improvement (reduced number
of collisions) in the injected versus the contralateral injected eye only under mesopic (0.2-10 Lux)
and photopic (65 and 646 Lux) conditions as early as 12 weeks PI. This positive effect was
sustained at 101 weeks PI. Absence of prominent and sustained rescue of rods (in comparison
to dog AS2-447) may be explained by the lower dose/ smaller bleb (50 μL) injected in this animal.

Taken together these results show long-term (> 2 years) structural and functional efficacy of this
viral vector construct when delivered at early/mid stage-disease. This study is ongoing and to
date no clinical signs of toxicity/inflammation have been observed.
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Taken together these results show long-term (~ 2 years) structural and functional efficacy of this
viral vector construct when delivered at late-stage disease. Study is ongoing and to this date no
clinical signs of toxicity/inflammation have been observed.
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Appendix :

Therapeutic range and long-term stability of AAV-NPHP5 in mutant NPHP5 dogs

This study was conducted to determine the therapeutic range of ssAAV2/5-GRK1-hNPHP5-
WPRE by assessing efficacy and safety in 3 NPHP5 mutant dogs injected uniocularly at mid-
stage disease (~ 12 weeks of age) with one of three titers (4.76 x1010; 1.0 x 1011; 4.76 x 1011

vg/mL). The overall goal being to identify the lowest dose that still provided some efficacy.

In the dog (animal ID WM62) that was treated with the lowest dose (4.76 x1010 vg/mL; SRI vol:
150 μL) funduscopic examination revealed increased reflectivity and attenuation of the retinal
vasculature even in the treated area, yet, OCT retinal imaging showed as early as 12 weeks
post-injection (PI) some very faint rescue of ONL thickness that was limited to the visual streak
region within the much larger treated/bleb area. This limited rescue effect was still detectable at
96 weeks PI (Fig. 1A). There were no clinical signs of ocular toxicity nor inflammation noted
during this period.

In the dog (animal ID WM63) that was treated with the mid dose (1.0 x1011 vg/mL; SRI vol: 150
μL) funduscopic examination revealed increased reflectivity yet retinal vasculature was better
preserved in the treated area. In addition, OCT retinal imaging showed by 47 weeks PI some
faint rescue of ONL thickness that was limited to the visual streak and immediate dorsal region
within the much larger treated/bleb area. This limited rescue effect was still detectable at 96
weeks PI (Fig. 1B). There were no clinical signs of ocular toxicity nor inflammation noted during
this period.

In the dog (animal ID WM67) that was treated with the highest dose (4.76 x1011 vg/mL; SRI vol:
70 μL) funduscopic examination revealed some mild increased reflectivity in the treated area
that was less pronounced than in surrounding untreated regions and retinal vasculature was
better preserved in the treated area. In addition, OCT retinal imaging showed a slight loss of
ONL thickness within the first 12 weeks PI, after which ONL thickness appeared to stabilize.
Faint rescue of ONL thickness in the treated area versus untreated area of the same eye was
first detectable by 24 weeks, was more obvious at later points, and still persisted at 97 weeks PI
(Fig. 1C). There were no clinical signs of ocular toxicity nor inflammation noted during this
period.
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