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expanding the genotypic
spectrum through multimodal
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Retinitis pigmentosa sine pigmento (RPSP) is a atypical variant of inherited retinal
degeneration characterized by the absence of retinal pigment deposits observed
in typical retinitis pigmentosa, which poses significant challenges to clinical
diagnosis and genetic investigation. Although high-throughput sequencing
technologies have revolutionized the identification of disease-causing genes,
studies on RPSP are limited. Therefore, this study aimed to analyze the
clinical manifestations and genetic profiles of two patients with RPSP. Two
novel potential disease-causing mutations were identified. Patient 1 had a
heterozygous missense mutation (c45G > C, p.Glul5Asp) in the GUCAI1B
gene, whereas Patient 2 had a homozygous frameshift insertion mutation
(c.134_137dupCGGC, p.Ala47CGlyfs*4) in the ABHD12 gene. Multimodal imaging
techniques, including optical coherence tomography, fundus autofluorescence,
adaptive optics scanning laser ophthalmoscope, and fluorescein angiography,
combined with visual electrophysiological assessments revealed the structural
and functional retinal alterations associated with RPSP. Bioinformatics analysis
revealed that these mutations can respectively contributed to disease
development by affecting calcium ion regulation in photoreceptor cells and
by influencing the hydrolyzing of lysophosphatidylserine (lyso-PS). This study
is the first to link novel mutations in GUCA1B and ABHD12 to RPSP. The findings
highlight the critical importance of integrating multimodal imaging with genetic
profiling in enhancing early diagnostic accuracy and refining genetic counseling
strategies for this understudied condition.
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Introduction

Retinitis pigmentosa (RP) is an inherited retinal disorder
characterized by progressive degeneration of photoreceptors and
retinal pigment epithelium (RPE) (1, 2). The global prevalence of
RP ranges from 1 in 3,500 individuals to 1 in 5,000 individuals
(3). A 2024 nationwide screening in China involving nearly
two million participants reported a prevalence of 0.35 per 1,000
(95% CIL: 0.31-0.40) (4). RP is also recognized as a leading
cause of visual impairment in young and working-age individuals,
underscoring its significant clinical and societal impact, subtypes
include classic RP sine pigmento (RPSP), crystalline RP (Bietti’s
crystalline dystrophy), and paravenous RP (5). RP is characterized
by marked genetic and phenotypic heterogeneity, with more
than 90 disease-associated genes identified to date (3). However,
causative mutations have not been identified in 30%-40% of
cases (6).

Retinitis pigmentosa sine pigmento is a atypical RP subtype
characterized by the absence of typical retinal pigment deposits
while presenting with nyctalopia, visual field constriction, and
abnormal electroretinography (ERG) findings (7). RPSP is often
misdiagnosed as intermediate uveitis or other retinal disorders
in the early stages due to its atypical presentation (8). Imaging
modalities, such as optical coherence tomography (OCT), and
functional tests, such as ERG, are critical for revealing structural
and functional retinal damage and diagnosing (9). Although
RPSP phenotypes have been documented, the genetic basis and
mechanisms underlying the absence of bone spicule pigmentation
remain poorly understood. Genes that have been rarely reported
in association with RP, such as GUCAIB and ABHDI2, play a role
in the pathogenesis of RPSP (10, 11). These genes are functionally
involved in phototransduction and lipid metabolism (12, 13).
However, their specific roles in RPSP are yet to be elucidated.

To our knowledge, GUCA1B and ABHDI12 have not been
commonly associated with the RPSP phenotype; reporting these
variants expands the genotypic and phenotypic spectrum of RPSP.
This study aimed to analyze multimodal imaging and whole-
exome sequencing (WES) data from two cases of RPSP to explore
potential pathogenic mechanisms. The findings can help advance
the understanding of RPSP’s molecular basis, genetic heterogeneity,
and disease mechanisms and provide valuable insights into
improving genetic counseling and early diagnosis.

Materials and methods

Patient recruitment and clinical
evaluation

Two patients with clinical features suggestive of RPSP were
enrolled from (Department of Ophthalmology, Tianjin Medical
University General Hospital). This study was conducted in
accordance with the Declaration of Helsinki and written informed
consent was obtained from all participants or their legal guardians.

All participants underwent a comprehensive ophthalmic
evaluation, including uncorrected visual acuity, best-corrected
visual acuity (BCVA), slit-lamp biomicroscopy, and intraocular
pressure (IOP) measurement using a non-contact tonometer
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(NIDEK NT-530P, Japan). Dilated fundus examination was
performed using indirect ophthalmoscopy and a 90D lens.

Multimodal retinal imaging

Multicolor and fundus autofluorescence (FAF)
imaging

Multicolor scanning laser imaging and FAF were performed
using the Mirante scanning laser ophthalmoscope (SLO)
system (NIDEK, Japan). FAF was obtained with a 488 nm
excitation wavelength and a 500-700 nm emission filter, and
patterns of hyper- or hypoautofluorescence were recorded to
assess RPE function.

Optical coherence tomography (OCT)

Macular microstructure was evaluated using spectral-domain
optical coherence tomography (CIRRUS HD-OCT 5000, Carl
Zeiss Meditec, Germany). A macular cube scan centered on the
fovea was acquired for each eye. Retinal layer segmentation,
cystoid changes, ellipsoid zone (EZ) integrity, and outer retinal
atrophy were analyzed.

Adaptive optics scanning laser ophthalmoscopy
(AOSLO)

Photoreceptor imaging was performed using the Mona II
AOSLO system (Robotrak Technologies, China). High-resolution
en face images of the central retina were acquired. Cone
photoreceptor mosaic was evaluated for density, spacing, and
structural integrity. Regions of cone loss or signal dropout were
assessed qualitatively and quantitatively.

Fluorescein angiography (FA)

Fluorescein angiography was performed with the Heidelberg
Spectralis HRA (Heidelberg Engineering, Germany) following
intravenous injection of 5 mL of 10% fluorescein sodium. Early and
late-phase images were captured to identify areas of RPE window
defects, leakage, and macular edema.

Visual field testing

Static perimetry was conducted using the Octopus 900
perimeter (Haag-Streit, Switzerland), employing a central 30° grid.
Visual defect and mean deviation (MD) were documented and
compared with normative data.

Visual electrophysiological assessments

Full-field electroretinography (ffERG) and pattern visual
evoked potentials (PVEP) were performed at external tertiary
ophthalmology centers, following the standards of the International
Society for Clinical Electrophysiology of Vision (ISCEV). The
fIERG included scotopic 0.01, scotopic 3.0, oscillatory potentials,
photopic 3.0, and 30-Hz flicker responses. PVEP recordings were
obtained using 0.5 cycles per degree (cpd) checkerboard stimuli,
and the latencies and amplitudes of the N75, P100, and N135
components were analyzed for each eye (14, 15).
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Multimodal ophthalmic imaging of Patient 1. (a) Multicolor scanning laser fundus imaging of both eyes showed macular edema (indicated by arrow).
(b) FAF showed patchy hyperautofluorescence (highlighted in the dotted line) and central hypoautofluorescence (indicated by arrow). (c) OCT of the
macula showed cysts in INL (indicated by white circle), EZ disruption and perifoveal outer retinal atrophy (highlighted in the dotted red line). (d)
AOSLO images heterogeneous photoreceptor cells size with relatively preserved morphology and increased inter-cone spacing (indicated by arrow
in d-1 and d-3) and multiple hyporeflective areas in macula (highlighted in the dotted red line in d-2), in OS “isolated” photoreceptor clusters
obscured by shadowing (highlighted in the dotted red line in d-4). (e) FA of both eyes showed RPE window defects and macular leakage. (f) Central

visual field revealed bilateral central scotomas.

Genetic testing and bioinformatics analysis

Whole-exome sequencing was performed for both probands
by certified commercial laboratories. For Patient 1, WES was
conducted by MyGenostics Inc. (Z£¥%, Beijing, China); for
Patient 2, sequencing and primary analysis were performed by
BGI Genomics (%£A%H, Shenzhen, China). Genomic DNA was
extracted from peripheral blood using standard protocols, and
sequencing was carried out on the Illumina HiSeq platform with
a mean coverage of >100x (16).

Sequencing reads were aligned to the human reference genome
(GRCh37/hgl19), and variant calling was performed using the
BWA-GATK pipeline. Population-level filtering included gnomAD
(r2.1.1) (all populations and the East Asian subset), ExAC (r1) (East
Asian subset), 1000 Genomes (Phase3), and dbSNP (2.9.1). We
additionally checked ExAC-EAS (~4,000 East Asian individuals)
and gnomAD-EAS to confirm absence of the reported variants in
East Asian cohorts (see Results for dataset findings). Pathogenicity
of missense variants was predicted using multiple in silico tools,
including:

SIFT v5.2.2 (deleterious if score < 0.05) (17),

PolyPhen-2 v2.2.2 (probably damaging if score > 0.85) (18),
MutationTaster (version 2)* (disease-causing prediction) (19).
Revel v1.3 (likely benign if score < 0.3, likely pathogenic if
score > 0.5) (20).

Variants were interpreted and classified according to

the American College of Medical Genetics and Genomics

1 http://www.mutationtaster.org/
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(ACMG/AMP2015) guidelines (21). Segregation analysis in
available family members was performed via Sanger sequencing.

Results
Patient 1

A 39-years-old woman presented with decreased visual acuity
(VA) and metamorphopsia in her left eye (OS), accompanied
by night vision impairment without obvious nyctalopia. She had
no history of ocular trauma or surgery, and no known systemic
comorbidities were reported. Her baseline VA was 20/20 in the right
eye (OD) and 20/63 in the OS, with normal intraocular pressures.
Slit-lamp examination revealed no anterior segment abnormalities.
Fundus biomicroscopy revealed bilateral macular pallor.

Multicolor scanning laser fundus imaging showed no bone
spicule pigmentation but showed macular edema (Figure 1la).
FAF imaging revealed patchy hyperautofluorescence in the
midperipheral retina, a perivascular hyperautofluorescent ring, and
macular hypoautofluorescence, indicative of RPE dysfunction or
photoreceptor loss (Figure 1b). OCT of the OD revealed small
intraretinal cysts in the inner nuclear layer (INL), EZ disruption,
and outer retinal atrophy around the fovea. Marked macular
elevation, large INL cysts, EZ disruption, and perifoveal outer
retinal atrophy were observed in the OS (Figure lc). AOSLO
imaging of the OU revealed a heterogeneous photoreceptor
cell morphology with increased inter-cone spacing (Figure 1d-
1, 3), imaging of the OD showed multiple hyporeflective areas
(Figure 1d-2), indicative of photoreceptor loss or shadowing by
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Genetic findings of Patient 1. (a) Sanger sequencing chromatogram of Patient 1 showing a heterozygous c45G > C variant in the GUCALB gene
(indicated by arrow). (b) Pedigree of Patient 1's family demonstrating autosomal dominant inheritance. The proband (arrow) and her affected father
carry the heterozygous GUCA1B c.45G > C mutation, while the mother is unaffected and wild-type.

edema. AOSLO imaging of the OS revealed extensive hyporeflective
zones (photoreceptor loss) and “isolated” photoreceptor clusters
obscured by shadowing (Figure 1d-4). FA showed RPE window
defects and macular leakage (Figure le).

Central visual field testing revealed bilateral central scotomas,
which were more pronounced in the OS (Figure 1f). ERG showed
a mildly reduced maximal combined response and rod oscillatory
potentials and moderately reduced cone amplitudes with preserved
30 Hz flicker in the OD and moderately reduced rod oscillatory
potentials with mildly diminished 30 Hz flicker and severely
reduced cone amplitudes in the OS.

The patient’s father reported occasional minor collisions
while driving. His BCVA was 20/20. Multicolor scanning laser
fundus imaging revealed no bone-spicule-like pigmentation and
FAF showed patchy hyperautofluorescence in the mid-peripheral
retina. Macular OCT was generally normal, but peripheral OCT
demonstrated areas of RPE atrophy. Visual field testing indicated
bilateral nasal scotomas. Although he reported no subjective visual
symptoms, these findings suggested subclinical retinal impairment.

Whole-exome sequencing identified a heterozygous c.45G > C
in GUCAIB (Figure 2).
Bioinformatic predictions for this variant showed conflicting
results: SIFT (benign), PolyPhen-2 (benign), MutationTaster
(disease-causing), GERP+ (disease-causing), and REVEL meta-
predictor (benign). Following ACMG/AMP2015 guidelines (20),
we classified this variant as of uncertain significance (VUS)

(p.Glul5Asp) missense mutation

with conflicting criteria (PM2_Supporting: absent in population
databases; BP4_Moderate: multiple benign in silico predictions).
This variant was not reported in ClinVar, HGMD, or gnomAD, and
was absent in the ExAC-East Asian dataset (~4000 individuals),
supporting its classification as a novel mutation.

Family segregation analysis revealed that the father carried the
same mutation with subclinical retinal changes, indicating reduced
penetrance or variable expressivity of GUCA1B-associate RPSP.

Patient 2

A 22-years-old woman presented with progressive nyctalopia,
concentric visual field constriction over 2 years, and binocular
nystagmus, accompanied by a significant visual decline in the OD.
She had no relevant ocular history or systemic comorbidities. Her
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family history revealed no symptomatic relatives, including her
parents and an elder sister, and there was no known consanguinity
between her parents. Her baseline VA was 20/50 in the OD and
20/80 in the OS, with normal intraocular pressures. Slit-lamp
examination revealed unremarkable anterior segments. Fundus
biomicroscopy revealed mildly tilted and hyperemic optic disks
(cup-to-disk ratio of 0.3), attenuated retinal vessels, diffuse retinal
graying, and macular edema with a perifoveal ring.

Multicolor scanning laser fundus imaging showed the absence
of bone spicule pigmentation (Figure 3a). FAF demonstrated
heterogeneous midperipheral autofluorescence intensity, macular
hypoautofluorescence (indicative of RPE dysfunction), and a
hyperautofluorescent perimacular ring in OD (indicative of
increased RPE metabolic stress) (Figure 3b). Bilateral macular OCT
revealed intraretinal cysts, EZ disruption, and outer retinal atrophy
(Figure 3c). AOSLO imaging revealed disorganized photoreceptor
mosaics at the fovea, with numerous hyperreflective deposits
(Figure 3d-2, 4) (indicative of photoreceptor degeneration),
extensive hyporeflective areas (Figure 3d-1, 3) (indicative of
photoreceptor loss or microcysts), and shadowing artifacts across
the macula. FA showed midperipheral window defects, widespread
peripheral vascular leakage, and enlargement of the foveal avascular
zone (Figure 3e).

Central visual field testing showed extensive superior and
inferior defects in the OD (mean deviation: —17.2 dB) and
tubular constriction in the OS (mean deviation: —21.5 dB)
(Figure 3f). Visual evoked potentials showed prolonged P100
latencies bilaterally and reduced amplitude in the OS.

Whole-exome sequencing identified a homozygous frameshift
mutation (c.134_137dupCGGC, p.Ala47Glyfs*4) in ABHDI2
(Figure 4). This mutation was predicted as Pathogenic according
to ACMG/AMP (2015) criteria (PVS1: predicted null variant
in a gene where loss-of-function is a known mechanism;
PM2:
segregation/allelic data supporting recessive inheritance). The
ABHDI12 ¢.134_137dupCGGC  (p.Ala47Glyfs*4) frameshift
variant was not present in ClinVar, HGMD, or dbSNP, and was
absent in gnomAD-East Asian populations further supporting its

absent from population databases; PM3_Supporting:

classification as a novel pathogenic mutation.

Family segregation revealed that the asymptomatic sister
carried the heterozygous variant, consistent with an autosomal
recessive inheritance pattern.
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Multimodal retinal imaging of Patient 2. (a) Multicolor scanning laser fundus imaging of both eyes showed the absence of bone spicule
pigmentation. (b) FAF showed macular hypoautofluorescence and hyperautofluorescent perimacular ring (indicated by arrow in OD). (c) OCT of the
macula showed intraretinal cysts (indicated by white dotted circle), EZ disruption, and outer retinal atrophy (indicated by arrow). (d) AOSLO images
disorganized photoreceptor mosaics at the fovea with numerous hyperreflective deposits (indicated by arrow in d-2 and d-4) extensive
hyporeflective areas and shadowing artifacts with no observation of cone across the macula (highlighted in the dotted red line in d-1 and d-3). (e) FA
of both eyes midperipheral window defects, widespread peripheral vascular leakage, and enlargement of the foveal avascular zone. (f) Central visual
field revealed extensive superior and inferior defects in the OD and tubular constriction in the OS.
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Genetic findings of Patient 2. (a) Sanger sequencing chromatogram showing a homozygous frameshift mutation in ABHD12 (c.134_137dupCGGC,
p.Ala47Glyfs*4) in Patient 2 (highlighted in the gray box). (b) Pedigree of Patient 2's family. The proband (arrow) is homozygous for the ABHD12
mutation. Her sister is heterozygous, while parental genotypes were not available.

Discussion

Imaging features of RPSP

Retinitis pigmentosa sine pigmento is clinically defined by
nyctalopia, visual field constriction, and absence of characteristic
bone spicule pigmentation on fundus examination (7). Multimodal
imaging techniques, particularly OCT and FAF, play pivotal roles in
RPSP diagnosis and differential evaluation.

Optical coherence tomography enables precise visualization
of the retinal laminar architecture, revealing early macular
abnormalities in RPSP. After photoreceptor loss, compensatory
Miiller cell stress responses may contribute to INL edema
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(22). Impaired clearance of photoreceptor metabolic waste by
dysfunctional RPE can lead to debris accumulation between
the ONL and INL (23). Such deposits may disrupt Miiller cell
homeostasis and compromise the blood-retinal barrier (BRB),
potentially worsening fluid leakage and intraretinal edema (24).
Fundus autofluorescence is an essential tool for assessing
RPE functional
hypoautofluorescence,

exhibited macular
RPE dysfunction
(Figures 1b, 2b) (25). A hyperautofluorescent perimacular ring,

status. Both patients

indicating regional
which is a recognized imaging hallmark of RPSP, was observed,
likely demarcating the transition zone between the degenerating
and relatively preserved photoreceptors (26). This annular pattern
may contract centrally during disease progression, correlate with
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visual field deterioration, and serve as a potential progression
biomarker (27).

Adaptive optics scanning laser ophthalmoscopy imaging
enables  cellular-level resolution assessment of retinal
microstructure, revealing degenerative changes in photoreceptor
cells. The AOSLO findings predominantly revealed reduced cone
density, disorganized cellular arrangement, and hyperreflective foci
in patients with RPSP. These hyperreflective deposits are associated
with accumulated metabolic byproducts from photoreceptor outer
segments and RPE cells, representing residual photoreceptor
structures or degenerative cellular debris (28), including lipofuscin
aggregates and calcified deposits (29). In Patient 1, heterogeneous
cone spacing at the foveal center with preserved photoreceptor
morphology indicated relatively mild macular damage, consistent
with minimally impaired BCVA. Conversely, in Patient 2, extensive
hyperreflective material which indicate severe photoreceptor
loss, with only isolated intact photoreceptor clusters, significantly
correlated with reduced BCVA.

Electroretinography is a critical functional assessment of
photoreceptor activity. In Patient 1, this pattern aligns with
the phototransduction defects caused by the GUCA1B mutation
(c.45G > C), which disrupts the calcium-dependent regulation of
retinal cyclic nucleotide signaling. These findings are consistent
with previous reports of similar ERG abnormalities in patients
with RPSP (30), highlighting the diagnostic utility of ERG in
characterizing photoreceptor dysfunction in atypical RP variants.

In summary, multimodal imaging examinations play a
crucial role in the early diagnosis of RPSP: thinning of
the ONL and IS/OS observed on OCT are sensitive early
indicators, while macular edema may reflect secondary vascular
leakage. Hypoautofluorescent areas on FAF are associated with
dysfunction of the RPE’s phagocytic activity, aiding in the
differentiation between RPSP and inflammatory diseases. On
AOSLO, findings such as reduced cone cell density, disorganized
cellular arrangement, and the appearance of hyper-reflective dots
suggest photoreceptor damage, providing a significant advantage
in detecting early-stage RPSP. Despite the absence of pigmentary
deposits, these features hold critical diagnostic and differential
diagnostic value, whereas WES facilitates precise identification of
the causative mutations.

Genetic mutations associated with RPSP

Retinitis pigmentosa sine pigmento is characterized by marked
genetic heterogeneity, with only a limited number of genes
currently implicated in its pathogenesis. Table 1 lists the reported

TABLE 1 Genes associated with RPSP.

10.3389/fmed.2025.1622343

genes associated with RPSP, their chromosomal loci, functional
roles, and inheritance patterns.

Emerging evidence links GUCAIB and ABHDI2 mutations
to RPSP pathogenesis. Although these variants underlie other RP
subtypes, further functional validation and clinical corroboration
are required to elucidate their specific roles in RPSP.

Pathogenic mechanisms of GUCA1B
mutations

The GUCA1B gene encodes guanylyl cyclase-activating protein
2 (GCAP2), a critical regulator of retinal phototransduction.
GCAP2 modulates guanylyl cyclase activity via calcium-dependent
interactions, thereby maintaining photoreceptor light adaptation
(31, 32).

The c.45G > C (p.Glul5Asp) mutation resides in exon 1
of GUCAIB and is localized to the N-terminal non-EF-hand
domain (amino acid 15) distal to its three EF-hand motifs
(EF1: 25-56; EF2: 65-96; EF3: 105-136) (12). Although the
N-terminal domain may stabilize protein conformation or mediate
interactions with signaling partners, its precise functional role
remains uncharacterized.

Classical GUCAIB mutations affecting EF-hand domains
typically manifest as pigmented RP with bone spicule deposits (33).
Conversely, our N-terminal mutation (p.Glul5Asp) was associated
with RPSP and macular edema, potentially due to the following:

1. Preserved RPE phagocytic function: N-terminal mutations
may spare RPE metabolic activity, reducing lipofuscin
accumulation and pigment deposition (34).

2. Inflammatory/vascular mechanisms: Previous studies indicate
that altered GCAP2 activity disrupts retinal homeostasis,
fostering a pro-inflammatory state with upregulated VEGF
and other permeability mediators (35). Elevated VEGE in
turn, is a well-established driver of BRB breakdown and
macular edema in retinal degenerations (36). Thus, the
mutation may increase VEGF expression, contributing to BRB
breakdown and aggravating macular edema (24).

3. Incomplete penetrance: The proband’s father carried the same
mutation with subclinical retinal changes but intact BCVA,
indicating modulation by genetic/environmental factors (37).

Although the N-terminal mutation does not directly impair
calcium binding, it may drive pathology through the following:

GUCAIB (51 6p21.1
ABHDI2 (42) 20p11.21
RPGR (52) Xpll.4
RHO (53) 3q22.1
PRPH2 (54) 6p21.1
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Calcium ion binding and signaling
Lipid metabolism and neuroprotection
Photoreceptor cilia maintenance
Rod phototransduction

Photoreceptor outer segment structure

Autosomal dominant
Autosomal recessive
X-linked
Autosomal dominant/autosomal recessive

Autosomal dominant/digenic
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1. Structural destabilization: The p.Glul5Asp substitution
(negative charge — neutral) can perturb the tertiary structure
of GCAP2, impairing the guanylyl cyclase interaction (12, 38).

2. Subcellular mislocalization: Altered N-terminal signaling
may disrupt GCAP2 trafficking to the outer segments
of  photoreceptors, thereby = compromising  signal
transduction (39).

3. Non-canonical pathways: The N-terminal domain may
regulate oxidative stress and autophagy pathways. Its
dysfunction can indirectly trigger photoreceptor apoptosis

(40).

For therapeutic implications, EF-hand domain mutations
may respond to calcium homeostasis modulators, whereas
N-terminal variants, such as p.Glul5Asp, may require targeted
anti-inflammatory or anti-VEGF agents to alleviate vascular
leakage (41).

Pathogenic mechanisms of ABHD12
mutations

The ABHDI2 gene (20p11.21) encodes o/B-hydrolase domain-
containing protein 12 (ABHD12), a serine hydrolase critical for
hydrolyzing lysophosphatidylserine (lyso-PS) to maintain lipid
homeostasis in the central nervous system and retina (42).

The homozygous c¢.134_137dupCGGC (p.Ala47Glyfs*4)
frameshift mutation identified in Patient 2 disrupts the N-terminal
transmembrane domain of ABHD12, resulting in a premature stop
codon (truncated to 51 amino acids). This mutation is predicted to
undergo nonsense-mediated mRNA decay, leading to the complete
loss of the ABHDI12 protein (43). ABHDI12 deficiency leads to
pathological lyso-PS accumulation in retinal and neural tissues,
triggering microglial activation and proinflammatory cytokine
release (e.g., TNF-a and IL-6), which drive chronic inflammation
and photoreceptor apoptosis (44). Lyso-PS overload upregulates
VEGF expression, compromises BRB integrity, and induces
macular edema via vascular leakage (45). Furthermore, aberrant
lipid metabolism impairs mitochondrial function, worsening
photoreceptor energy deficits (46).

Although ABHDI2 mutations are classically associated with
PHARC syndrome, such as polyneuropathy, hearing loss, ataxia,
retinopathy, and cataracts (42), Patient 2 exhibited binocular
nystagmus but showed no additional neurological or auditory
manifestations. The absence of systemic features in this case may
be explained by several factors:

1. Age of onset and disease progression: PHARC is typically
early-onset and progressive, and systemic manifestations may
appear later in life. Thus in our case, extra-ocular features
might not yet have manifested (13).

2. Incomplete penetrance and variable expressivity: Among
reported PHARC patients, many do not present all five
characteristic features; severity and symptom combinations
vary considerably, perhaps due to genetic modifiers or
environmental factors (13).

3. Non-syndromic or mild phenotypes: Cases have been
documented in which ABHDI12 mutation carriers exhibit
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retinal degeneration (RP) but lack overt neuropathy, ataxia,
or hearing loss even after detailed systemic evaluation (47).

4. Tissue-specific  effects: The N-terminal truncation
(p.Ala47Glyfs*4) may predominantly impair retinal ABHD12
function, with compensatory mechanisms, such as ABHD6
activity, preserving systemic lipid metabolism (48).

5. Localized Lyso-PS may
preferentially activate retinal microglia without triggering

inflammation: accumulation

systemic inflammation (45).

The lack of bone spicule pigmentation in this case can be
attributed to the following reasons:

1. Preserved RPE phagocytosis: If ABHD12 deficiency spares
RPE phagocytic pathways, such as MER-TK receptor signaling
or lysosomal degradation, reduced lipofuscin accumulation
may explain pigment deposit absence (49).

2. Non-inflammatory apoptosis: N-terminal truncations may
induce photoreceptor death via non-inflammatory pathways,
such as endoplasmic reticulum stress, minimizing RPE
activation and pigment migration (50).

3. Phenotypic edema in

masking: Early-onset macular

N-terminal mutations (vs. catalytic domain variants,
such as p.Arg349Gln) can obscure the pigmentary changes

typically observed in later disease stages (13).

Conclusion

This study identified two novel mutations, GUCA1B c¢.45G > C
and ABHDI2 c.134_137dupCGGC, in patients with RPSP,
supported by multimodal imaging and functional assessments
consistent with the RPSP diagnostic criteria. This study further
highlights the critical role of multimodal imaging in early diagnosis
of retinitis pigmentosa sine pigmento (RPSP). FAF enables
functional assessment of RPE, while OCT detects microstructural
retinal alterations. AOSLO reveals early photoreceptor damage.
When combined with functional testing and genetic analysis, this
integrated approach significantly improves diagnostic accuracy in
early-stage RPSP. Further studies that prioritize the functional
validation of these mutations in model systems and explore
targeted therapeutic strategies tailored to their distinct pathogenic
mechanisms are needed.

Data availability statement

The original contributions presented in the study are publicly
available. This data can be found at the ClinVar database under
accession numbers SCV006336833 and SCV006336834.

Ethics statement

The studies involving humans were approved by the Ethics
Committee of Peking Union Medical College Hospital, Chinese

frontiersin.org


https://doi.org/10.3389/fmed.2025.1622343
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

Wu et al.

Academy of Medical Sciences, Beijing, China. The studies were
conducted in accordance with the local legislation and institutional
requirements. The participants provided their written informed
consent to participate in this study. Written informed consent
was obtained from the individual(s) for the publication of any
potentially identifiable images or data included in this article.
Written informed consent was obtained from all participants for
participation and for publication of this case report.

Author contributions

YW: Formal analysis, Writing - original draft, Methodology,
Investigation, Data Software, Conceptualization,
Writing - review & editing, Project administration. HW:
Methodology, Writing - review & editing, Investigation, Data

curation,

curation, Formal analysis, Software. JZ: Writing - review &
editing, Supervision, Formal analysis, Validation, Visualization.
XfW: Investigation, Software, Methodology, Writing - review
& editing. XW: Data curation, Methodology, Writing — review
& editing, Investigation, Software. CM: Investigation, Writing —
review & editing, Methodology, Formal analysis, Data curation.
YS: Data curation, Investigation, Methodology, Writing — review &
editing, Formal analysis. WZ: Conceptualization, Investigation,
Validation, Writing - review & editing, Supervision, Funding
acquisition, Methodology, Data curation, Resources, Visualization,
Project administration.

Funding

The author(s) declare that financial support was received for
the research and/or publication of this article. The study was

References

1. Hamel C. Retinitis pigmentosa. Orphanet ] Rare Dis. (2006) 1:1-12. doi: 10.1186/
1750-1172-1-40

2. Hartong D, Berson E, Dryja T. Retinitis pigmentosa. Lancet. (2006) 368:1795-809.
doi: 10.1016/S0140-6736(06)69740-7

3. Daiger S, Sullivan L, Bowne S. Genes and mutations causing retinitis pigmentosa.
Clin Genet. (2013) 84:132-41. doi: 10.1111/cge.12203

4. Zhang R, Dong L, Fu X, Hua L, Zhou W, Li H, et al. Trends in the prevalence
of common retinal and optic nerve diseases in China: an artificial intelligence based
national screening. Transl Vis Sci Technol. (2024) 13:28. doi: 10.1167/tvst.13.4.28

5. Cross N, van Steen C, Zegaoui Y, Satherley A, Angelillo L. Retinitis pigmentosa:
burden of disease and current unmet needs. Clin Ophthalmol. (2022) 16:1993-2010.
doi: 10.2147/OPTH.S365486

6. Liu X, Hu F, Zhang D, Li Z, He ], Zhang S, et al. Whole genome sequencing enables
new genetic diagnosis for inherited retinal diseases by identifying pathogenic variants.
NPJ Genom Med. (2024) 9:6. doi: 10.1038/s41525-024-00391-2

7. Lee E, Lee S, Ma D, Yoon C, Park U, Yu HG. Retinitis pigmentosa sine pigmento:
clinical spectrum and pigment development. Retina. (2022) 42:807-15. doi: 10.1097/
TAE.0000000000003367

8. Hajali M, Fishman G, Anderson R. The prevalence of cystoid macular oedema
in retinitis pigmentosa patients determined by optical coherence tomography. Br J
Ophthalmol. (2008) 92:1065-8. doi: 10.1136/bjo.2008.138560

9. Hood D, Ramachandran R, Holopigian K, Lazow M, Birch D, Greenstein V.
Method for deriving visual field boundaries from OCT scans of patients with retinitis
pigmentosa. Biomed Opt Express. (2011) 2:1106-14. doi: 10.1364/BOE.2.001106

Frontiers in Medicine

10.3389/fmed.2025.1622343

supported by Major Projects of Tianjin Municipal Health and
Health Committee (2024011).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Generative AI was used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in
this article has been generated by Frontiers with the support of
artificial intelligence and reasonable efforts have been made to
ensure accuracy, including review by the authors wherever possible.
If you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

10. NCBIL. GUCA1B Guanylate Cyclase Activator 1B - NIH Genetic Testing Registry
(GTR) 2025. (2025). Available online at: https://www.ncbi.nlm.nih.gov/gtr/genes/2979/
(accessed September 13, 2025).

11. NCBIL. ABHDI12 Abhydrolase Domain Containing 12, Lysophospholipase - NIH
Genetic Testing Registry (GTR) - NC 2025. (2025). Available online at: https://www.
ncbi.nlm.nih.gov/gtr/genes/26090/ (accessed September 13, 2025).

12. Palczewski K, Sokal I, Bachr W. Guanylate cyclase-activating proteins: structure,
function, and diversity. Biochem Biophys Res Commun. (2004) 322:1123-30. doi: 10.
1016/j.bbrc.2004.07.122

13. Long X, Xiong W, Wang X, Geng ], Zhong M, Huang Y, et al. Genotype-
phenotype spectrum and correlation of PHARC syndrome due to pathogenic ABHD12
variants. BMC Med Genomics. (2024) 17:203. doi: 10.1186/s12920-024-01984-7

14. Robson A, Frishman L, Grigg J, Hamilton R, Jeffrey B, Kondo M, et al. ISCEV
standard for full-field clinical electroretinography (2022 update). Doc Ophthalmol.
(2022) 144:165-77. doi: 10.1007/s10633-022-09872-0

15. Odom J, Bach M, Brigell M, Holder G, McCulloch D, Mizota A, et al. ISCEV
standard for clinical visual evoked potentials: (2016 update). Doc Ophthalmol. (2016)
133:1-9. doi: 10.1007/s10633-016-9553-y

16. Van der Auwera G, Carneiro M, Hartl C, Poplin R, Del Angel G, Levy-
Moonshine A, et al. From FastQ data to high confidence variant calls: the genome
analysis toolkit best practices pipeline. Curr Protoc Bioinformatics. (2013) 43:11.10.1-
11.10.33. doi: 10.1002/0471250953.bi1110s43

17. Ng P, Henikoff S. SIFT: predicting amino acid changes that affect protein
function. Nucleic Acids Res. (2003) 31:3812-4. doi: 10.1093/nar/gkg509

frontiersin.org


https://doi.org/10.3389/fmed.2025.1622343
https://doi.org/10.1186/1750-1172-1-40
https://doi.org/10.1186/1750-1172-1-40
https://doi.org/10.1016/S0140-6736(06)69740-7
https://doi.org/10.1111/cge.12203
https://doi.org/10.1167/tvst.13.4.28
https://doi.org/10.2147/OPTH.S365486
https://doi.org/10.1038/s41525-024-00391-2
https://doi.org/10.1097/IAE.0000000000003367
https://doi.org/10.1097/IAE.0000000000003367
https://doi.org/10.1136/bjo.2008.138560
https://doi.org/10.1364/BOE.2.001106
https://www.ncbi.nlm.nih.gov/gtr/genes/2979/
https://www.ncbi.nlm.nih.gov/gtr/genes/26090/
https://www.ncbi.nlm.nih.gov/gtr/genes/26090/
https://doi.org/10.1016/j.bbrc.2004.07.122
https://doi.org/10.1016/j.bbrc.2004.07.122
https://doi.org/10.1186/s12920-024-01984-7
https://doi.org/10.1007/s10633-022-09872-0
https://doi.org/10.1007/s10633-016-9553-y
https://doi.org/10.1002/0471250953.bi1110s43
https://doi.org/10.1093/nar/gkg509
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

Wu et al.

18. Adzhubei I, Schmidt S, Peshkin L, Ramensky V, Gerasimova A, Bork P, et al. A
method and server for predicting damaging missense mutations. Nat Methods. (2010)
7:248-9. doi: 10.1038/nmeth0410- 248

19. Schwarz J, Rodelsperger C, Schuelke M, Seelow D. MutationTaster evaluates
disease-causing potential of sequence alterations. Nat Methods. (2010) 7:575-6. doi:
10.1038/nmeth0810-575

20. Tian Y, Pesaran T, Chamberlin A, Fenwick R, Li S, Gau C, et al. REVEL and
BayesDel outperform other in silico meta-predictors for clinical variant classification.
Sci Rep. (2019) 9:12752. doi: 10.1038/s41598-019-49224-8

21. Richards S, Aziz N, Bale S, Bick D, Das S, Gastier-Foster |, et al. Standards
and guidelines for the interpretation of sequence variants: a joint consensus
recommendation of the American college of medical genetics and genomics and the
association for molecular pathology. Genet Med. (2015) 17:405-23. doi: 10.1038/gim.
2015.30

22. Lakkaraju A, Umapathy A, Tan L, Daniele L, Philp N, Boesze-Battaglia K,
et al. The cell biology of the retinal pigment epithelium. Prog Retin Eye Res. (2020)
78:100846. doi: 10.1016/j.preteyeres.2020.100846

23.Newton E Megaw R. Mechanisms of photoreceptor death in retinitis
pigmentosa. Genes. (2020) 11:1120. doi: 10.3390/genes11101120

24. Tomkins-Netzer O, Niederer R, Greenwood J, Fabian I, Serlin Y, Friedman
A, et al. Mechanisms of blood-retinal barrier disruption related to intraocular
inflammation and malignancy. Prog Retin Eye Res. (2024) 99:101245. doi: 10.1016/j.
preteyeres.2024.101245

25. Pichi E Abboud E, Ghazi N, Khan A. Fundus autofluorescence imaging in
hereditary retinal diseases. Acta Ophthalmol. (2018) 96:¢549-61. doi: 10.1111/a0s.
13602

26. Lee ], Asano S, Inoue T, Fujino Y, Matsuura M, Kitamoto K, et al. Investigating
the usefulness of fundus autofluorescence in retinitis pigmentosa. Ophthalmol Retina.
(2018) 2:1062-70. doi: 10.1016/j.oret.2018.03.007

27.Lima L, Burke T, Greenstein V, Chou C, Cella W, Yannuzzi L, et al.
Progressive constriction of the hyperautofluorescent ring in retinitis pigmentosa. Am J
Ophthalmol. (2012) 153:718-27.e1-2. doi: 10.1016/j.aj0.2011.08.043

28. Nagasaka Y, Ito Y, Ueno S, Terasaki H. Number of hyperreflective foci in the
outer retina correlates with inflammation and photoreceptor degeneration in retinitis
pigmentosa. Ophthalmol Retina. (2018) 2:726-34. doi: 10.1016/j.oret.2017.07.020

29. Kortuem F, Kempf M, Kuehlewein L, Nasser F, Kortuem C, Paques M, et al.
Adaptive optics ophthalmoscopy in retinitis pigmentosa (RP): typical patterns. Acta
Ophthalmol. (2022) 100:e1539-40. doi: 10.1111/a0s.15183

30. Ruiz-Matos S, Ruiz-Justiz A, Izquierdo N. Retinitis pigmentosa sine pigmento in
a patient with a heterozygous mutation on the KIF7 gene: a case report. Cureus. (2024)
16:€62689. doi: 10.7759/cureus.62689

31. Li S, Ma H, Yang F, Ding X. cGMP signaling in photoreceptor degeneration. Int
J Mol Sci. (2023) 24:11200. doi: 10.3390/ijms241311200

32. Avesani A, Marino V, Zanzoni S, Koch K, Dell’Orco D. Molecular properties
of human guanylate cyclase-activating protein 2 (GCAP2) and its retinal dystrophy-
associated variant G157R. J Biol Chem. (2021) 296:100619. doi: 10.1016/j.jbc.2021.
100619

33. NCBL. Retinitis pigmentosa 48 - NIH Genetic Testing Registry (GTR) - NCBI 2025.
(2025). Available online at: https://www.ncbi.nlm.nih.gov/gtr/conditions/C3151190/
(accessed May 1, 2025).

34. Mizushima N, Komatsu M. Autophagy: renovation of cells and tissues. Cell.
(2011) 147:728-41. doi: 10.1016/j.cell.2011.10.026

35. Uren P, Lee ], Doroudchi M, Smith A, Horsager A. A profile of transcriptomic
changes in the rd10 mouse model of retinitis pigmentosa. Mol Vis. (2014) 20:1612-28.

36. Tse D, Kim S, Chung I, He F, Wensel T, Wu S. The ocular toxicity and
pharmacokinetics of simvastatin following intravitreal injection in mice. Int |
Ophthalmol. (2017) 10:1361-9. doi: 10.18240/ij0.2017.09.05

Frontiers in Medicine

09

10.3389/fmed.2025.1622343

37. Kitiratschky V, Gléckner C, Kohl S. Mutation screening of the GUCA1B gene in
patients with autosomal dominant cone and cone rod dystrophy. Ophthalmic Genet.
(2011) 32:151-5. doi: 10.3109/13816810.2011.559650

38. Varland S, Osberg C, Arnesen T. N-terminal modifications of cellular proteins:
the enzymes involved, their substrate specificities and biological effects. Proteomics.
(2015) 15:2385-401. doi: 10.1002/pmic.201400619

39. Sulmann S, Vocke E Scholten A, Koch K. Retina specific GCAPs in zebrafish
acquire functional selectivity in Ca2+-sensing by myristoylation and Mg2+-binding.
Sci Rep. (2015) 5:11228. doi: 10.1038/srep11228

40. Komeima K, Rogers B, Lu L, Campochiaro P. Antioxidants reduce cone cell
death in a model of retinitis pigmentosa. Proc Natl Acad Sci U S A. (2006) 103:11300-5.
doi: 10.1073/pnas.0604056103

41. Yoshida N, Tkeda Y, Notomi S, Ishikawa K, Murakami Y, Hisatomi T, et al.
Clinical evidence of sustained chronic inflammatory reaction in retinitis pigmentosa.
Ophthalmology. (2013) 120:100-5. doi: 10.1016/j.ophtha.2012.07.006

42. Fiskerstrand T, H'mida-Ben Brahim D, Johansson S, M’zahem A, Haukanes B,
Drouot N, et al. Mutations in ABHD12 cause the neurodegenerative disease PHARC:
an inborn error of endocannabinoid metabolism. Am | Hum Genet. (2010) 87:410-7.
doi: 10.1016/j.2jhg.2010.08.002

43. Lykke-Andersen S, Jensen T. Nonsense-mediated mRNA decay: an intricate
machinery that shapes transcriptomes. Nat Rev Mol Cell Biol. (2015) 16:665-77. doi:
10.1038/nrm4063

44.Ichu T, Reed A, Ogasawara D, Ulanovskaya O, Roberts A, Aguirre C,
et al. ABHDI12 and LPCATS3 interplay regulates a Lyso-phosphatidylserine-C20:4
phosphatidylserine lipid network implicated in neurological disease. Biochemistry.
(2020) 59:1793-9. doi: 10.1021/acs.biochem.0c00292

45. Campochiaro P. Molecular pathogenesis of retinal and choroidal vascular
diseases. Prog Retin Eye Res. (2015) 49:67-81. doi: 10.1016/j.preteyeres.2015.06.002

46. Harutyunyan L, Callaerts P, Vermeer S. PHARC syndrome: an overview.
Orphanet ] Rare Dis. (2024) 19:416. doi: 10.1186/s13023-024-03418-0

47. Nishiguchi K, Avila-Fernandez A, van Huet R, Corton M, Pérez-
Carro R, Martin-Garrido E, et al. Exome sequencing extends the phenotypic
spectrum for ABHDI12 mutations: from syndromic to nonsyndromic retinal
degeneration. Ophthalmology. (2014) 121:1620-7. doi: 10.1016/j.0ophtha.2014.02.
008

48. Kind L, Kursula P. Structural properties and role of the endocannabinoid lipases
ABHD6 and ABHDI2 in lipid signalling and disease. Amino Acids. (2019) 51:151-74.
doi: 10.1007/s00726-018-2682-8

49. Schreiter S, Vafia K, Barsacchi R, Tsang S, Bickle M, Ader M, et al. A
human retinal pigment epithelium-based screening platform reveals inducers of
photoreceptor outer segments phagocytosis. Stem Cell Reports. (2020) 15:1347-61.
doi: 10.1016/j.stemcr.2020.10.013

50. Sano R, Reed JC. ER stress-induced cell death mechanisms. Biochim Biophys
Acta. (2013) 1833:3460-70. doi: 10.1016/j.bbamcr.2013.06.028

51. Sato M, Nakazawa M, Usui T, Tanimoto N, Abe H, Ohguro H. Mutations in the
gene coding for guanylate cyclase-activating protein 2 (GUCA1B gene) in patients with
autosomal dominant retinal dystrophies. Graefes Arch Clin Exp Ophthalmol. (2005)
243:235-42. doi: 10.1007/s00417-004-1015-7

52. Vervoort R, Wright A. Mutations of RPGR in X-linked retinitis pigmentosa
(RP3). Hum Mutat. (2002) 19:486-500. doi: 10.1002/humu.10057

53. Sung C, Davenport C, Hennessey J, Maumenee I, Jacobson S, Heckenlively J, et al.
Rhodopsin mutations in autosomal dominant retinitis pigmentosa. Proc Natl Acad Sci
US A. (1991) 88:6481-5. doi: 10.1073/pnas.88.15.6481

54. Coussa R, Chakarova C, Ajlan R, Taha M, Kavalec C, Gomolin J, et al. Genotype
and phenotype studies in autosomal dominant retinitis pigmentosa (adRP) of the
french Canadian founder population. Invest Ophthalmol Vis Sci. (2015) 56:8297-305.
doi: 10.1167/iovs.15-17104

frontiersin.org


https://doi.org/10.3389/fmed.2025.1622343
https://doi.org/10.1038/nmeth0410-248
https://doi.org/10.1038/nmeth0810-575
https://doi.org/10.1038/nmeth0810-575
https://doi.org/10.1038/s41598-019-49224-8
https://doi.org/10.1038/gim.2015.30
https://doi.org/10.1038/gim.2015.30
https://doi.org/10.1016/j.preteyeres.2020.100846
https://doi.org/10.3390/genes11101120
https://doi.org/10.1016/j.preteyeres.2024.101245
https://doi.org/10.1016/j.preteyeres.2024.101245
https://doi.org/10.1111/aos.13602
https://doi.org/10.1111/aos.13602
https://doi.org/10.1016/j.oret.2018.03.007
https://doi.org/10.1016/j.ajo.2011.08.043
https://doi.org/10.1016/j.oret.2017.07.020
https://doi.org/10.1111/aos.15183
https://doi.org/10.7759/cureus.62689
https://doi.org/10.3390/ijms241311200
https://doi.org/10.1016/j.jbc.2021.100619
https://doi.org/10.1016/j.jbc.2021.100619
https://www.ncbi.nlm.nih.gov/gtr/conditions/C3151190/
https://doi.org/10.1016/j.cell.2011.10.026
https://doi.org/10.18240/ijo.2017.09.05
https://doi.org/10.3109/13816810.2011.559650
https://doi.org/10.1002/pmic.201400619
https://doi.org/10.1038/srep11228
https://doi.org/10.1073/pnas.0604056103
https://doi.org/10.1016/j.ophtha.2012.07.006
https://doi.org/10.1016/j.ajhg.2010.08.002
https://doi.org/10.1038/nrm4063
https://doi.org/10.1038/nrm4063
https://doi.org/10.1021/acs.biochem.0c00292
https://doi.org/10.1016/j.preteyeres.2015.06.002
https://doi.org/10.1186/s13023-024-03418-0
https://doi.org/10.1016/j.ophtha.2014.02.008
https://doi.org/10.1016/j.ophtha.2014.02.008
https://doi.org/10.1007/s00726-018-2682-8
https://doi.org/10.1016/j.stemcr.2020.10.013
https://doi.org/10.1016/j.bbamcr.2013.06.028
https://doi.org/10.1007/s00417-004-1015-7
https://doi.org/10.1002/humu.10057
https://doi.org/10.1073/pnas.88.15.6481
https://doi.org/10.1167/iovs.15-17104
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

	Case Report: novel GUCA1B and ABHD12 mutations in retinitis pigmentosa sine pigmento: expanding the genotypic spectrum through multimodal phenotyping
	Introduction
	Materials and methods
	Patient recruitment and clinical evaluation
	Multimodal retinal imaging
	Multicolor and fundus autofluorescence (FAF) imaging
	Optical coherence tomography (OCT)
	Adaptive optics scanning laser ophthalmoscopy (AOSLO)
	Fluorescein angiography (FA)

	Visual field testing
	Visual electrophysiological assessments
	Genetic testing and bioinformatics analysis


	Results
	Patient 1
	Patient 2

	Discussion
	Imaging features of RPSP
	Genetic mutations associated with RPSP
	Pathogenic mechanisms of GUCA1B mutations
	Pathogenic mechanisms of ABHD12 mutations

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher's note
	References


