RD3-Related Retinopathy (Leber
Congenital Amaurosis 12, LCA12): A
Comprehensive Disease Characteristics
Report

Disease: RD3-Related Retinopathy / Leber Congenital Amaurosis 12 (LCA12) MONDO ID:
MONDO:0700235 - OMIM: #610612 - Gene: RD3 (retinal degeneration 3; Clorf36), chromosome
1q32.3 Category: Mendelian, autosomal recessive, non-syndromic inherited retinal dystrophy

Summary

RD3-Related Retinopathy, also designated Leber Congenital Amaurosis type 12 (LCA12), is an
extremely rare, autosomal recessive, congenital-onset inherited retinal dystrophy caused by
biallelic truncating loss-of-function mutations in the RD3 gene on chromosome 1q32.3. RD3
encodes an evolutionarily conserved ~23 kDa a-helical protein that functions as a dual-role
regulator of the retinal membrane guanylate cyclases RetGC1 (GUCY2D/GC1) and RetGC2
(GUCY2F/GC2): it stabilizes the cyclases, inhibits their premature catalytic activity in the
endoplasmic reticulum (ER), and chaperones their ER exit and trafficking to the photoreceptor
outer segments. Loss of functional RD3 leaves the cyclases undetectable and trapped in the ER,
abolishing cGMP-based phototransduction and triggering GCAP-driven aberrant cyclase
activation and ER-stress-mediated photoreceptor death.

Clinically, LCA12 presents as a severe congenital/early-infantile cone-rod dystrophy with
profoundly reduced visual acuity from the first months of life (best-corrected visual acuity
never exceeding 1.3 LogMAR, documented as early as 3 months of age), nystagmus/roving eye
movements, photophobia, and a severely reduced or non-recordable full-field
electroretinogram (ERG). The phenotype is clinically indistinguishable from GUCY2D-related
LCA1, reflecting the shared molecular pathway, which makes molecular genetic testing (NGS
panels/whole-exome sequencing) essential for diagnosis. The disorder is confined to the
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neural retina (rod and cone photoreceptors), is bilateral and symmetric, non-syndromic, and
carries a normal life expectancy; the principal outcome is lifelong profound visual disability/
legal blindness.

RD3 is a very rare cause of LCA (only 7 of 852 LCA/early-onset severe retinal dystrophy patients
in a worldwide cohort), strongly associated with consanguinity, and carries a North African/
Mediterranean founder allele p.R38* (c.112C>T). Etiology is purely monogenic with no
environmental, infectious, or lifestyle contributions. There is currently no approved
treatment; management is supportive (low-vision rehabilitation, genetic counseling). The
leading experimental strategy is AAV-mediated RD3 gene augmentation, which rescued
photoreceptors and restored ERG function in the rd3 mouse, and which is strongly supported
by the mechanistically adjacent GUCY2D/LCA1 gene-therapy program (ATSN-101), now
demonstrating safety and sustained efficacy in phase 1/2 trials.

Section 1 — Disease Information

Overview. RD3-Related Retinopathy is a congenital, severe, non-syndromic retinal dystrophy
belonging to the Leber Congenital Amaurosis (LCA) spectrum, the earliest-onset and most

severe group of inherited retinal diseases. It is caused by deficiency of the RD3 protein, which
is required for the expression and trafficking of retinal guanylate cyclases in rod and cone
photoreceptors.

Key identifiers.
MONDO MONDO:0700235
OMIM (phenotype) #610612 (Leber congenital amaurosis 12)
Gene RD3 (HGNC; aliases Clorf36, retinal degeneration 3)
Locus 1g32.3
Disease class Autosomal recessive inherited retinal dystrophy / LCA

Synonyms / alternative names: Leber congenital amaurosis 12; LCA12; RD3-related Leber
congenital amaurosis; retinal degeneration 3-related retinopathy; early-onset severe retinal
dystrophy due to RD3.
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Information source type. The knowledge base for this disease is derived from aggregated
disease-level resources (OMIM, ClinVar) and from a small number of individual patient/
family case reports and cohort studies (notably consanguineous families), supplemented by
extensive model-organism data (rd3 mouse, rcd2 collie) and in vitro/biochemical studies of
the RD3-guanylate cyclase interaction. No large EHR-based cohorts exist because of the
disease's rarity.

Section 2 — Etiology

Primary cause. The disease is purely monogenic. It results from biallelic (homozygous or
compound heterozygous) loss-of-function variants in RD3. Perrault et al. identified three
RD3 mutations — a 2-bp deletion and two nonsense mutations — in seven unrelated
consanguineous LCA families, all predicted to cause complete loss of function: "We identified
three RD3 mutations in seven unrelated consanguineous LCA families - i.e., a 2 bp deletion and
two nonsense mutations - predicted to cause complete loss of function” [PMID: 23308101].
Truncating mutations produce unstable, non-functional C-terminally truncated proteins
[PMID: 24904271].

Genetic risk factors. The causal factor is the RD3 truncating variant itself. Consanguinity is
the principal predisposing context: every published family was consanguineous or carried
founder alleles [PMID: 23308101;
I

[B 22531706 ]
No susceptibility loci or validated human modifier genes are established.

Environmental / lifestyle risk factors. None identified or mechanistically plausible. This is
a classical Mendelian disorder; no toxins, infections, dietary, occupational, or lifestyle factors
contribute to onset or severity.

Protective factors. No genetic or environmental protective factors are known.

Modifier genes. No human modifiers are established. In mouse models, genetic background
and GCAP (guanylate cyclase-activating protein) gene dosage modulate degeneration
severity, nominating GCAPs as candidate modifiers [PMID: 31346032;
I

B 27471269 ]
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Gene-environment interactions. None reported; etiology is independent of environmental
exposure.

Section 3 — Phenotypes

LCA12 is a severe, congenital/early-infantile cone-rod dystrophy. Key phenotypes, with

suggested HPO terms:
Characteristics

Phenotype HPO term (suggested)

HP:0000618 (Blindness);
HP:0007663 (Reduced visual
acuity, congenital)

Severe visual BCVA severely reduced from earliest
exams (=1.3 LogMAR by 3 months);

never normalizes [PMID: 22531706]

impairment / blindness
from birth

Nystagmus / roving eye

HP:0000639 (Nystagmus) Hallmark of LCA
movements
Reduced/absent HP:0000512 (Abnormal Rod and cone responses
electroretinogram electroretinogram) extinguished or severely reduced
Photophobia HP:0000613 (Photophobia) Common LCA feature

Macular dystrophic changes
HP:0000548 (Cone/cone-rod

Cone-rod dystrophy

progressing to peripheral bone

dystroph
ystrophy) spicules [PMID: 22531706]
HP:0007754 (Macular )
Macular dystrophy dystrophy) Dystrophic macular changes

Pigmentary retinopathy/  HP:0007737 (Bone spicule

. . . Appears on progression
pigmentation of the retina)

bone spicules

Deep-set eyes HP:0000490 (Deeply set eye) Part of the L.CA oculo-digital complex

Age of onset: Neonatal/congenital — functional deficit present from birth. Severity: Severe
(profound, lifelong). Progression: Congenital functional loss with early rapid structural
photoreceptor loss, then slowly progressive macular/peripheral changes. "BCVA was severely
reduced from the earliest examinations (as early as 3 months), never exceeding 1.3 LogMAR. The
disease presented as cone-rod dystrophy with dystrophic changes in the macula and bone spicules



OpenScientist Report

in the periphery on progression” [PMID: 22531706]. Frequency among affected individuals:
Core features (severe acuity loss, nystagmus, extinguished ERG) are essentially universal;
pigmentary retinopathy and bone spicules appear with progression.

Quality-of-life impact. Profound, lifelong visual disability/legal blindness with major effects
on education, mobility, independence, and daily functioning from infancy. Disease-specific
QOL instruments have not been reported for this ultra-rare disorder.

Clinical overlap. "The LCA12 phenotype in our patients is highly similar to those of patients
with mutant photoreceptor-specific guanylate cyclase (GUCY2D/LCA1)" [PMID: 23308101],
reflecting the shared pathway.

Section 4 — Genetic / Molecular Information

Causal gene. RD3 (retinal degeneration 3; alias Clorf36), chromosome 1q32.3; phenotype
LCA12 OMIM #610612. Encodes an evolutionarily conserved ~23 kDa protein.

Pathogenic variants.

Variant (cDNA / e .-
Classification

protein)

Mediterranean/North African

c.112C>T (p.Arg38*) Nonsense Pathogenic

founder allele [PMID: 23308101]

. Homozygous, reported in LCA family

c.180C>A Nonsense Pathogenic

[PMID: 22531706]

. . ) Among 3 mutations found in 7

2-bp deletion Frameshift = Pathogenic .

families [PMID: 23308101]
¢.524dupC . Likely Reported via maternal UPD6 case

Frameshift .

(p-Pro176ThrfsTer7) pathogenic [PMID: 30090012]

* Variant classes: Predominantly truncating — nonsense, frameshift (indel), predicted to
cause complete loss of function [PMID: 23308101].

* Functional consequence: Loss of function. Preising et al.: "Direct sequencing of RD3
revealed a homozygous nonsense mutation (c.180C > A)" [PMID: 22531706]. Truncating
mutations yield unstable non-functional C-terminal truncated proteins [PMID: 24904271].
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* Allele frequency: RD3 truncating variants are extremely rare in population databases
(gnomAD); carrier frequency is very low, consistent with the negligible recurrence risk in
non-consanguineous unions [PMID: 23308101].

* Origin: Germline (constitutional, biallelic). No somatic relevance.

Modifier genes. GCAPs (GUCA1A/GUCA1B) are candidate modifiers based on mouse data
[PMID: 31346032].

Epigenetic information: No disease-specific DNA methylation or histone-modification
findings reported.

Chromosomal abnormalities: Not a feature; however, uniparental isodisomy of
chromosome 6 was reported to unmask a homozygous RD3-region variant in one case of
maternal UPD [PMID: 30090012] — a mechanistic curiosity rather than a typical cause.

Section 5 — Environmental Information

* Environmental factors: None. No toxins, radiation, pollution, or occupational exposures
are implicated.

» Lifestyle factors: None (no smoking/diet/alcohol/exercise associations).

* Infectious agents: None. This is a non-infectious, Mendelian disorder.

This section is not applicable beyond confirming the purely genetic etiology [PMID: 23308101].

Section 6 — Mechanism / Pathophysiology

Ordered causal chain (initiating lesion = clinical manifestation)

1. Biallelic truncating mutation in RD3 (e.g., p.R38*) leads to production of unstable, non-
functional, C-terminally truncated RD3 protein, i.e., complete loss of RD3 function [PMID:
23308101;

@ 24904271 ]
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2. Loss of RD3 results in failure to bind, stabilize, and inhibit retinal membrane guanylate
cyclases GC1 (GUCY2D/RetGC1) and GC2 (GUCY2F/RetGC2) in the ER [PMID: 21078983;

(@ 27471269 |

3. Loss of RD3 prevents ER exit and trafficking of GC1/GC2 to the photoreceptor outer
segments; the cyclases become undetectable and trapped in the ER [PMID: 21078983;

(@ 24904271 ]

4. Absence of outer-segment guanylate cyclase leads to deficient cGMP synthesis — cGMP is
the second messenger of phototransduction — abolishing normal photoreceptor light
responses [PMID: 21078983].

5. Branch A (functional): cGMP deficiency results in congenital loss of rod and cone function
— extinguished ERG, profound congenital visual impairment, nystagmus [PMID: 22531706;

| @ 23308101 ]

6. Branch B (degenerative): In the absence of RD3's inhibitory restraint, residual/
mislocalized cyclase is subject to aberrant GCAP (calcium-sensor) activation, which,
together with ER stress from misfolded/trapped cyclase, mediates photoreceptor
apoptosis [PMID: 31980596;

@ 31346032 |
(Inferred primarily from the rd3 mouse; genetic removal of GCAPs modifies degeneration.)

7. Photoreceptor death leads to progressive structural retinal degeneration — rods lost first,
then cones — manifesting as macular dystrophy and peripheral bone-spicule pigmentary
retinopathy over time [PMID: 8486383;

(@ 22531706 |

Mechanistic detail by category

* Molecular pathways: Phototransduction / cGMP second-messenger signaling (guanylate
cyclase-cGMP-CNG channel axis). RD3 "mediates the export of GC1 from the endoplasmic
reticulum to endosomal vesicles, and that the C terminus of GC1 is required for RD3 binding"
[PMID: 21078983]. rd3 retinal transcriptome shows downregulated phototransduction/
glycerophospholipid metabolism and upregulated immune-response/TNF-receptor-1/
endothelin signaling transcripts [PMID: 23687432].
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* Protein dysfunction: RD3 is a ~23 kDa a-helical protein. Its Lys87-Leu122 core binds the
RetGC dimerization domain; substitutions in four conserved regions (3’KIHP®?, 93CGPAI*’,
99RFRQ?, 119RSVL?2) reduce affinity for RetGC1 by 180-700-fold — "Substitutions in 4 out of
22 tested regions... reduced the RD3 apparent affinity for the cyclase 180-700-fold" [PMID:
27471269]. RD3 "blocks RetGC catalytic activity and stimulation by guanylyl cyclase-
activating proteins (GCAPs)" [PMID: 27471269]. Its binding is distinct from but overlaps the
GCAP interface [PMID: 26100624;

(@ 36157073 ]

* Cellular processes: Apoptosis/photoreceptor cell death; ER stress — "GCAP neuronal
calcium sensor proteins mediate photoreceptor cell death in the rd3 mouse model of LCA12
congenital blindness by involving endoplasmic reticulum stress” [PMID: 31980596];
inflammation (upregulated immune transcripts) [PMID: 23687432].

* Biochemical abnormality: Deficient cGMP synthesis due to loss of functional outer-
segment guanylate cyclase [PMID: 21078983].

* Tissue damage mechanism: ER-stress- and GCAP-mediated photoreceptor degeneration
[PMID: 31980596;

(@ 31346032 ]

* Cell types / GO terms: Rod photoreceptor (CL:0000604), cone photoreceptor (CL:0000573).
Suggested GO BP: phototransduction (GO:0007602), cGMP biosynthetic process
(GO:0006182), ER-to-Golgi vesicle-mediated transport (GO:0006888), response to ER stress
(GO:0034976), photoreceptor cell maintenance (G0:0045494). Suggested GO CC:
photoreceptor outer segment (GO:0001750), endoplasmic reticulum (GO:0005783).
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Mechanistic schematic

RD3 biallelic truncation (p.R38%*)
| loss of function
v
RD3 protein absent / unstable
| fails to bind & chaperone
v
GC1 (GUCY2D) + GC2 (GUCY2F) trapped in ER — undetectable in outer segment

v (Branch A: functional) v (Branch B: degenerative)
CGMP synthesis deficit aberrant GCAP activation + ER stress

| |

v v
extinguished ERG, photoreceptor apoptosis
congenital blindness, (rods - cones)
nystagmus

v

retinal degeneration,
macular dystrophy, bone spicules

Section 7 — Anatomical Structures Affected

* Organ level: Eye — neural retina only. Non-syndromic; no systemic or extraocular
involvement. Bilateral and symmetric.

* Body system: Visual/nervous system (sensory retina). UBERON: retina (UBERON:0000966),
neural retina (UBERON:0003902), photoreceptor layer (UBERON:0001789), macula lutea
(UBERON:0005417).

* Tissue/cell level: Rod and cone photoreceptor cells. RD3 "colocalizes and interacts with
GC1 and GC2 in rod and cone photoreceptor cells of normal mice" [PMID: 21078983]. CL: rod
photoreceptor (CL:0000604), cone photoreceptor (CL:0000573). Rods are lost first, cones
later [PMID: 8486383].

* Subcellular level: Photoreceptor outer segment (GO:0001750), where GC1/GC2 normally
reside — "Guanylate cyclases, GC1 and GC2, are localized in the light-sensitive outer segment
compartment of photoreceptor cells”" [PMID: 21078983] — and the endoplasmic reticulum
(GO:0005783), where the cyclases become trapped.

 Localization/lateralization: Bilateral, symmetric; macular dystrophy with peripheral
pigmentary retinopathy [PMID: 22531706].
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Section 8 — Temporal Development

* Onset: Congenital / neonatal. Visual deficit present from birth; BCVA severely reduced as
early as 3 months [PMID: 22531706].

* Onset pattern: Functional deficit is congenital; structural degeneration follows early. In the
rd3 mouse, "differentiation proceeds postnatally through 2 weeks, and photoreceptor
degeneration starts by 3 weeks"; "The rod photoreceptor loss is essentially complete by 5
weeks, whereas remnant cone cells are seen through 7 weeks. This is the only mouse
homozygous retinal degeneration reported to date in which photoreceptors are initially
normal” [PMID: 8486383].

* Progression: Early rapid photoreceptor loss followed by slowly progressive macular
dystrophy and peripheral bone-spicule retinopathy; the index Kurdish family was "followed
up to 22 years by ophthalmological examinations" [PMID: 22531706].

* Disease course: Chronic, lifelong, non-remitting; vision never normalizes.

* Disease duration: Lifelong.

* Remission: None (no spontaneous or treatment-induced remission to date).

* Critical period / therapeutic window: The narrow interval between normal early
photoreceptor differentiation and rapid degeneration defines a limited window for

intervention, best addressed in early childhood (inferred from the mouse time-course and
from AAV rescue at P14) [PMID: 8486383;

@ 23740938 | '

Section 9 — Inheritance and Population

* Inheritance: Autosomal recessive. Requires biallelic RD3 loss [PMID: 23308101].

* Penetrance: Complete for biallelic truncating genotypes (all reported biallelic carriers are
affected).

» Expressivity: Severe and relatively consistent (congenital profound visual loss), with
variable rate of progressive pigmentary changes.
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» Epidemiology: Extremely rare. Only 7 of 852 LCA/early-onset severe retinal dystrophy
patients in a worldwide cohort carried RD3 mutations (<1% of LCA) [PMID: 23308101].
Precise prevalence/incidence are not established but are very low.

* Founder effect: p.R38* (c.112C>T). "Five families originating from the Southern Shores of
the Mediterranean segregated a similar mutation (c.112C>T, p.R38*) suggesting that this
change may have resulted from an ancient founder effect” [PMID: 23308101].

» Consanguinity: Central — all published families were consanguineous [PMID: 23308101;

@ 22531706 ]

* Carrier frequency / recurrence risk: Very low; "Considering the low frequency of RD3
carriers, the recurrence risk for LCA in non-consanguineous unions is negligible for both
heterozygote and homozygote RD3 individuals" [PMID: 23308101].

* Population demographics: Reported in North African/Mediterranean and Middle Eastern
(e.g., Kurdish) consanguineous populations [PMID: 23308101;

@ 22531706 ]

* Sex ratio: No sex predilection (autosomal recessive).

* Genetic anticipation / germline mosaicism: Not applicable / not reported.

Section 10 — Diagnostics

Why molecular testing is required. Because the LCA12 phenotype is clinically
indistinguishable from GUCY2D/LCA1 and other LCA subtypes [PMID: 23308101], clinical
examination alone cannot establish the gene. Diagnosis rests on molecular genetics.

* Recommended approach: NGS inherited-retinal-disease gene panels or whole-exome
sequencing (WES), which show high diagnostic yield for LCA — among the most reliably
molecularly diagnosed IRDs. WES is recommended as a first-tier test for non-syndromic IRD
[PMID: 41465088], with distinctive presentations such as LCA more reliably diagnosed than
heterogeneous diseases like RP/CRD [PMID: 40114034]. RD3 was originally identified only
after excluding other known LCA genes and using linkage/homozygosity mapping in
consanguineous families: "After excluding seven of nine known LCA/EOSRD genes in the index
patient, linkage analysis was performed in the family" [PMID: 22531706;

@ 23308101 | '
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* Single-gene / targeted testing: Appropriate for cascade testing of the familial variant (e.g.,
founder p.R38%).

* Chromosomal microarray / SNP array: Useful in atypical cases; a SNP array revealed
maternal uniparental isodisomy 6 unmasking a homozygous variant in one patient
[PMID: 30090012].

Clinical / functional tests. - Electrophysiology: Full-field ERG severely reduced or non-
recordable (rod and cone) — a defining feature of LCA. - Imaging: OCT shows outer-retinal
(ellipsoid zone / outer nuclear layer) disruption; fundus may be near-normal early, developing
macular dystrophy and peripheral bone spicules on progression [PMID: 22531706]. -
Laboratory/biomarkers: No blood/urine biomarker; the molecular genetic variant is the
diagnostic biomarker.

Clinical criteria & differential diagnosis. Diagnosis uses standard LCA criteria (congenital
severe vision loss, nystagmus, extinguished ERG). Differential diagnosis includes all other
LCA/EOSRD genes — especially GUCY2D (LCA1) given pathway identity, plus CEP290 (LCA10),
RPE65 (LCA2), NMNAT1, TULP1, RPGRIP1, and others; distinction is by molecular testing

1.

[PMID: 23308101;
(B 39710161 ];
(@ 36128853 ]

Screening. Cascade carrier testing in consanguineous families; carrier/pre-conception
screening is relevant in high-consanguinity populations [PMID: 41567338].

Section 11 — Outcome / Prognosis

* Life expectancy: Normal — the disorder is non-syndromic and isolated to the eye; the
index family was "followed up to 22 years" without systemic disease [PMID: 22531706].

» Mortality: No disease-specific mortality.

* Visual prognosis: Poor — profound visual impairment/legal blindness from infancy,
lifelong. BCVA never exceeds 1.3 LogMAR and does not normalize [PMID: 22531706].

* Disease course / complications: Progressive macular dystrophy and peripheral
pigmentary retinopathy; principal morbidity is the lifelong visual disability itself.

* Recovery potential: None spontaneously; no natural recovery.
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* Prognostic factors: Universally severe; the main modifier of future outcome will be timing
and availability of gene-replacement therapy within the therapeutic window.

* Quality of life / disability: Major lifelong functional impairment; formal QOL metrics not
reported for this ultra-rare disorder.

Section 12 — Treatment

Current standard of care. No approved disease-specific therapy exists. Management is
supportive: low-vision rehabilitation, visual aids, educational support for the visually
impaired, and genetic counseling [PMID: 23308101]. NCIT: Supportive Care (NCIT:C15277);
Genetic Counseling (NCIT:C15368).

Pharmacotherapy / pharmacogenomics: None specific.

Advanced therapeutics — gene therapy (leading experimental strategy). - Preclinical
proof of concept: Subretinal AAV8(Y733F)-mouse Rd3 under a rhodopsin-kinase promoter
delivered to P14 rd3 mice translocated guanylate cyclase from ER to outer segments and
preserved photoreceptors: "Guanylate cyclase expression and localization coincided with the
survival of rod and cone photoreceptors for at least 7 months. Rod and cone visual function was
restored in the In(5)30Rk/] strain of rd3 mice as measured by electroretinography (ERG)" [PMID:
23740938]. NCIT: Gene Therapy (NCIT:C15262); Adeno-associated Virus Vector (NCIT:C122200). -
Translational validation from the adjacent pathway: The GUCY2D/LCA1 program
demonstrates clinical translatability of the same pathway. ATSN-101 (subretinal
AAVS5-GUCY2D), phase 1/2: "ATSN-101 is well tolerated 12 months after treatment, with no drug-
related serious adverse events. Clinically significant improvements in retinal sensitivity were
sustained in patients" — high-dose dark-adapted full-field stimulus threshold mean change 20.3
dB vs 1.1 dB untreated at 12 months (p=0.012) [PMID: 39244273]. Related preclinical LCA1
work showed full restoration of cone function in the all-cone Nrl-/"Gucy2e”/~ model [PMID:
26247368].

RNA-based / cell / surgical therapies: None established for RD3.

Treatment strategy: A genotype-guided, AAV gene-augmentation approach is the rational
path, best delivered early (within the therapeutic window) given rapid early degeneration
[PMID: 8486383].

13
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Section 13 — Prevention

* Primary prevention: Not applicable in the classic public-health sense; the only means to
reduce occurrence is reproductive/genetic.

* Genetic counseling & carrier screening: Central for consanguineous families and
founder-allele populations; cascade testing and pre-conception/carrier screening reduce
new cases. National carrier screening and counseling are advocated in high-consanguinity
settings (e.g., Saudi Arabia) to lower the burden of autosomal recessive inherited ocular
disease [PMID: 41567338].

* Prenatal / preimplantation genetic testing: Available where the familial variant is known
(e.g., founder p.R38*).

» Secondary/tertiary prevention: Early molecular diagnosis enables timely low-vision
support and candidacy assessment for emerging gene therapy; tertiary care manages
progressive retinopathy.

 Immunization / behavioral / environmental interventions: Not applicable (non-
infectious, non-environmental disease).

Section 14 — Other Species / Natural Disease

RD3-related retinal degeneration occurs naturally across species, underscoring strong
evolutionary conservation of the RD3-guanylate-cyclase mechanism.

Species Model / condition Evidence
Mus musculus rd3 naturally occurring mutant; "the only mouse homozygous

(mouse; NCBI retinal degeneration reported to date in which photoreceptors are Ortholog
Taxon 10090) initially normal" [PMID: 8486383]

Canis lupus rod-cone dysplasia type 2 (rcd2) in collies; a canine RD3 splice-

familiaris (dog; insertion "cosegregates with rcd2 and is predicted to alter the last ~ Ortholog

NCBI Taxon 9615) 61 codons of the normal open reading frame" [PMID: 19130129]
» Natural disease / veterinary relevance: rcd2 is a recognized naturally occurring canine

retinal dystrophy, relevant to veterinary ophthalmology and as a large-animal model
[PMID: 19130129].

14



OpenScientist Report

» Comparative pathology / evolutionary conservation: The loss-of-function trafficking
mechanism is conserved across human, rd3 mouse, and rcd2 collie — "photoreceptor
degeneration in the rd3 mouse, rcd2 dog, and LCA12 patients is caused by impaired RD3-
mediated guanylate cyclase expression and trafficking" [PMID: 21078983].

» Zoonotic potential: None (non-infectious genetic disease).
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Application

rd3 mouse

rcd2 collie (dog)

rd3 retina
(transcriptomics)

Mammalian,
naturally
occurring

Mammalian,
naturally
occurring

In vivo
profiling

Rd3 loss of
function

Canine RD3
splice
insertion,
alters last 61
codons
[PMID:
19130129]

Excellent: normal early
differentiation, rod loss
complete by ~5 wk,
cones to ~7 wk; GC1/GC2
undetectable [PMID:
8486383;

(B 21078983 |

Good large-animal
ortholog of human/
murine disease

Downregulated
phototransduction/lipid
metabolism;
upregulated immune
response [PMID:
23687432]

Pathogenesis,
GCAP/ER-stress
death
mechanism,
gene-therapy
testing [PMID:
31980596;

(@ 23740938 |

Comparative/
translational
studies

Pathway
discovery

* Genetic model types available: Primarily naturally occurring mutants (mouse rd3, collie

rcd2). AAV-based gene-replacement experiments have been performed in the rd3 mouse

[PMID: 23740938].

* Model limitations: Mouse is rod-dominant (limited cone/foveal modeling relevant to

human central vision); timing of degeneration is compressed relative to humans. The rcd2
dog offers a larger eye more comparable to human anatomy but is a less genetically

tractable system.

* Resources: The Jackson Laboratory (rd3 mouse) [PMID: 11853768]; canine genetics
resources for rcd2.
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Mechanistic Model / Interpretation (Synthesis)

RD3-Related Retinopathy is best understood as a guanylate-cyclase-trafficking disorder. RD3
is a small, conserved photoreceptor protein that performs two coupled jobs on RetGC1/RetGC2:
(1) it inhibits premature cyclase catalysis in the ER (preventing wasteful/toxic c¢cGMP
generation before the enzyme reaches its destination), and (2) it chaperones cyclase ER exit
and delivery to the outer segment — "This interaction inhibits GC catalytic activity and
promotes the exit of GC1 and GC2 from the endoplasmic reticulum and their trafficking to
photoreceptor outer segments”" [PMID: 24904271]. Biallelic truncating mutations delete the
critical Lys87-Leul22 target-binding core (and the central a-helix around Cys93), abolishing
both functions [PMID: 27471269]. The consequence is bilateral loss of outer-segment cyclase,
collapse of cGMP phototransduction (the functional, congenital-blindness branch), and a
parallel degenerative branch in which unrestrained GCAP-driven cyclase activity plus ER stress
kills photoreceptors — rods first, then cones [PMID: 31980596

(@ 31346032 |

Because the terminal defect is identical to that in GUCY2D/LCA1 (no outer-segment cyclase
activity), the two diseases are phenotypically indistinguishable and converge on the same
gene-therapy logic: restore the missing protein to restore cyclase localization and
photoreceptor survival. The rd3 mouse and rcd2 collie confirm cross-species conservation,
and AAV-RD3 rescue in the mouse — mirrored by the clinical success of AAV-GUCY2D
(ATSN-101) in the adjacent pathway — provides a direct, credible therapeutic rationale [PMID:
21078983;

(@ 23740938 |

(@ 39244273 ]
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Evidence Base
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PMID Title (abbrev.) Contribution

93308101 Worldwide survey of RD3 Variant classes, founder p.R38% rarity (7/852), recurrence

mutations risk, phenotype overlap with LCA1
Homozygous ¢.180C>A; BCVA <1.3 LogMAR by 3 mo;
RD3 severe early-onset . .
22531706 . cone-rod dystrophy; 22-yr follow-up; exclusion-mapping
retinal dystrophy . .
diagnosis
21078933 RD3 required for GC Core mechanism: RD3 mediates GC1 ER exit; cell/
trafficking subcellular localization
AT RD3 in GC trafficking / Dual inhibit + traffic role; unstable truncated protein
LCA review across human/mouse/collie
27471269 Mapping RD3 interaction Lys87-Leul122 interface; 180-700-fold affinity loss; dual
sites chaperone/inhibitory role
GCAP-mediated death + L
31980596 Downstream death mechanism in rd3 mouse

ER stress

RetGC activation by . . .
31346032 . GCAP-driven degeneration; GCAPs as modifiers
calcium sensors

EECEE AAV RD3 gene delivery Gene-therapy proof of concept; photoreceptor/ERG rescue
rescue =7 months
ATSN-101 GUCY2D phase . . )
39244273 12 Clinical translatability of adjacent-pathway AAV therapy
19130129  Canine RD3/rcd2 Dog ortholog model
8486383 rd3 mouse description Degeneration time-course; therapeutic-window rationale

23687432  rd3 retinal transcriptome Pathway changes (phototransduction down, immune up)

96100624 RetGC1 dimerization RD3 vs GCAP binding determinants (distinct but
domain overlapping)
Structural basis of RetGC .

36157073 ) Structural context of RD3/GCAP regulation
regulation
UPD6 unmasking RD3 ) . ) .

30090012 ] Atypical diagnostic mechanism; c¢.524dupC
variant

41465088  Qatar IRD genetics WES recommended first-tier for non-syndromic IRD
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PMID Title (abbrev.) Contribution
Asian IRD diagnostic . .

40114034 eld LCA reliably diagnosed vs heterogeneous RP/CRD
yie
Screening in

41567338  consanguineous Carrier screening/counseling for prevention
populations
AAV-retGC1 in all-cone

26247368 Supports cyclase-pathway gene replacement
LCA1 model

Limitations and Knowledge Gaps

1. Small human evidence base. Fewer than a dozen families are reported; precise
prevalence/incidence, natural-history quantification, and genotype-phenotype correlations
beyond "severe congenital” remain under-characterized.

2. Downstream death mechanism is largely model-derived. The GCAP/ER-stress apoptosis
branch is strongly supported in the rd3 mouse but not directly demonstrated in human
retina [PMID: 31980596;

(@ 31346032 ]

3. No human modifiers validated. GCAPs are candidate modifiers from mouse data only.

4. No RD3-specific clinical trial. All clinical gene-therapy evidence is from the adjacent
GUCY2D/LCA1 program; direct translation to RD3 remains to be demonstrated.

5. Therapeutic window in humans is unquantified. The narrow window inferred from
mouse timing has not been mapped onto human retinal structure (e.g., OCT-defined
photoreceptor preservation over age).

6. No QOL instruments or formal disability metrics reported for this ultra-rare disorder.
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Proposed Follow-up Experiments / Actions

1. Human natural-history / structural study: Longitudinal OCT (ellipsoid-zone, ONL
thickness) and adaptive-optics imaging in RD3 patients across ages to define the preserved-
photoreceptor therapeutic window and candidate endpoints — analogous to NMNAT1 and
TULP1 natural-history work [PMID: 39710161;

@ 36128853 ]

2. Develop/characterize an AAV-RD3 clinical vector (clinically relevant serotype +
photoreceptor promoter) and advance IND-enabling studies, leveraging the ATSN-101
regulatory template [PMID: 39244273;

@ 23740938 ]

3. Direct test of the GCAP/ER-stress death pathway in human-relevant systems (patient
iPSC-derived retinal organoids) to confirm the model-derived degenerative branch and
assess whether GCAP modulation is adjunctively neuroprotective [PMID: 31980596;

I

(@ 31346032 ]

4. Population carrier-frequency studies of RD3 truncating alleles (including founder p.R38%)
in North African/Mediterranean/Middle Eastern cohorts via gnomAD and targeted
screening to refine epidemiology and inform carrier-screening programs [PMID: 23308101;

(@ 41567338 ]

5. Structure-guided validation of RD3 function using the mapped Lys87-Leu122/Cys93
interface to design functional assays that classify VUS and support ACMG interpretation of
novel RD3 variants [PMID: 27471269;

(@ 36157073 ]

Evidence source legend: human clinical (patient/family cohorts: PMIDs 23308101, 22531706,
30090012, 39244273); model organism (rd3 mouse, rcd2 collie: PMIDs 8486383, 19130129,
23740938, 23687432, 31980596, 31346032); in vitro/biochemical/structural (PMIDs 21078983,
24904271, 27471269, 26100624, 36157073).
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