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| 1. Introduction

PHARC (polyneuropathy, hearing loss, ataxia, retinitis pigmentosa (RP) and early-onset cataract) is an acronym for a
rare, neurodegenerative disease caused by biallelic variants in the ABHD12 gene W ABHDI12 is located on
chromosome 20 and encodes the a/p-hydrolase domain-containing protein 12 (ABHD12), which is highly expressed in the
central nervous system (CNS) and plays a vital role in lipid metabolism. In vitro, ABHD12 inactivates the main
endocannabinoid lipid transmitter 2-arachidonyl glycerol (2-AG), which acts on the cannabinoid receptors 1 and 2 (CB1
and CB2) by converting the 2-AG into the metabolites arachidonate and glycerol B4, In vivo, ABHD12 serves as a lyso-
phosphatidylserine (lyso-PS) lipase, which degrades lyso-PS that is biosynthesized by ABHD16A El. Disruption of
ABHD12 in mice leads to (i) accumulation of lyso-PS in the cerebellum breaching the homeostatic threshold, inducing
continuous stimulation of the Purkinje neurons, leading to deregulated cerebellar activity and (ii) increased levels of
microglial activation and inflammation B8, Accompanying this inflammatory response in mice are behavioral deficits,
including sensorimotor defects and hearing loss, which resembles the phenotype described in patients with PHARC
syndrome BT,

Patients with PHARC syndrome demonstrate clinical variability with regard to disease onset, severity and progression L&
[BI0 polyneuropathy is typically one of the first findings in patients with PHARC syndrome, which usually manifests in
childhood. Early signs of polyneuropathy include distal muscle weakness, sensory disturbances, pes cavus and Achilles
tendon contractures WEIL  Sensorineural hearing loss is present in most patients with PHARC, with severity varying
from moderate hearing loss to profound deafness W8, RP is reported in the second or third decade of life, with
fundoscopy showing optic disc pallor, retinal vessel attenuation and intraretinal specular hyperpigmentation L&l As a
result of RP, patients experience night blindness, constricted visual fields and, ultimately, central vision loss when retinal
degeneration reaches the fovea 2. While PHARC syndrome encompasses neurological, auditory and ophthalmic
findings, not all of these findings are necessarily present at initial presentation 2. Depending on the presenting
symptoms, patients may first be misdiagnosed with other neurodegenerative diseases that give rise to roughly similar
phenotypes, such as Charcot—Marie—Tooth, Usher type 3 and adult Refsum disease L1,

| 2. Patient Characteristics

A total of 15 patients from 12 different families were included in this study. An overview of the clinical and genetic
characteristics of included patients is provided in Table 1. Most patients were male (n = 12; 80%) and the mean age at the
most recent examination was 36.7 years (SD * 11.0; range from 17.5 to 53.9). Previous (mis)diagnoses, available for 13
patients (87%), included forms of retinal degeneration (e.g., non-syndromic RP or Usher, n = 9; 69%), Charcot—-Marie—
Tooth (n = 2; 17%), spinocerebellar ataxia (n = 1; 8%) and optic neuropathy (n = 1; 8%). Phytanic acid levels were also
assessed in 5 patients (A-1, B-2, C-3, C-4 and C-5) to rule out adult Refsum disease.

Table 1. Genetic and clinical characteristics at last examination of patients with biallelic ABHD12 variants.



Genetic Analysis
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Nucleotide numbering is based on reference sequence NM_001042472.3. * Patients C-3, C-4 and C-5 are siblings and

patients J-12 and J-13 are siblings. T Consanguineous parents. ¥ Neurological evaluation/electrophysiological testing was

not performed or available in these patients. { Patients reported no subjective hearing loss, although audiometric testing

results were not available. F = female; M = male; NA = data not available.

In total, 13 different ABHD12 variants were found in this cohort, 3 of which were missense variants, 3 splice site variants,

4 nonsense variants and 3 frameshift variants (Table 1). The most common variant in this cohort was the frameshift

variant ¢.337_338delGAInsTTT, which was present in more than half of the cohort in either homozygous or compound

heterozygous form. This variant in exon 3 was predicted to result in a substitution of asparagine with phenylalanine at

codon 113, introducing a premature termination codon (p.[Asp113Phefs*15]).



| 3. Clinical Examination

The onset of neurological, auditory and ophthalmic symptoms was variable, with no apparent order of symptom
occurrence (Table 1). Results from nerve conduction studies were available for nine patients (60%), which revealed
various degrees of demyelinating polyneuropathy, even in an asymptomatic patient. Patient C-3 had no subjective
complaints of sensory or motor deficits, despite both of his siblings (patients C-4 and C-5) being diagnosed with severe
demyelinating polyneuropathy in childhood years. Still, upon neurological evaluation, a subtle foot drop and absent
Achilles tendon reflexes were detected, with nerve conduction studies revealing a demyelinating polyneuropathy. Hearing
loss was not subjectively present in two patients (patients C-3 and H-10), although formal audiometric testing results were
not available in these patients. Similarly, the presence of ataxia was observed in less than half of the cohort, although the
absence of ataxia could not be excluded in five patients as neurological examination was not performed or data were not
available. MRI was performed in six patients (40%; patients A-1, C-3, C-4, C-5, E-7, J-12 and J-13), with signs of
cerebellar atrophy in one patient with ataxia (patient C-5) and two patients without ataxia (J-12 and J-13).

The ophthalmic findings in this cohort at the last visit are described in Table 2. Loss of BCVA was observed in all patients
(100%), with a mean BCVA of 1.1 logMAR (SD * 0.9; range from 0.1 to 2.8), which is equivalent to approximately 20/250
Snellen acuity. Four patients (A-1, B-2, E-7 and J-13), who carried the variant ¢.337_338delGAInsTTT in either
homozygous or compound heterozygous form, had relatively preserved BCVA (BCVA = 20/40 Snellen in the better-seeing
eye). In contrast, the remaining patients, despite being in a similar age range, had visual acuities that could be classified
as low vision (BCVA < 20/70 Snellen in the better-seeing eye) or worse. Patients with preserved BCVA were not
significantly younger than those with low vision (-4.6 years, p = 0.496; independent t-test).

Table 2. Summary of ophthalmic findings at the most recent examination in this cohort of patients with biallelic ABHD12
variants.
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Slit-lamp examination revealed cataracts in 13 patients (87%), of whom 10 patients (77%) underwent uncomplicated

cataract extraction. Various types of cataract were observed in this cohort, which also included congenital forms of

cataract (Table 1). In four patients (patients C-5, J-12, J-13 and L-15), lens opacities were located in the posterior surface

of the lens and followed a star-shaped distribution (Figure 1). Patients underwent their first cataract extraction and
intraocular lens implementation at a mean age of 30.3 (SD * 8.8; range from 19.0 to 44.0).



Figure 1. Slit-lamp findings in 2 patients with PHARC syndrome. (A,B) Slit-lamp photographs of the right eye of patient J-
13 at the age of 17. Best-corrected visual acuity was 20/50 Snellen in this eye. Direct illumination demonstrated the
presence of cataract in the posterior surface of the lens. Retroillumination revealed that the observed opacity followed a
star-shaped distribution, which seemed to delineate the crystalline lens sutures of the posterior cortex. (C,D) The right eye
of patient L-15 (age 37) showed opacities in both the anterior and posterior cortex. Best-corrected visual acuity was
20/100 during this visit. Retroillumination showed anterior cortical cataract and a star-shaped opacity in the posterior
surface.

In Figure 2, we present representative fundus and multimodal imaging findings of this cohort. Fundus examination
revealed signs of retinal degeneration in all patients, although a clinical hallmark of RP—intraretinal spicular
hyperpigmentation—was only observed in 7 out of 15 patients (47%; Table 2). Patients with intraretinal spicular
hyperpigmentation had worse logMAR BCVA than those without pigmentation (+0.9 logMAR BCVA, p = 0.019;
independent t-test). Macular involvement was present in all patients (100%), ranging from retinal pigment epithelium
alterations to macular atrophy. Full-field electroretinography data were available for 10 patients (67%), showing a rod-
cone dystrophy pattern (n = 8; 80%) or minimal scotopic and photopic responses (n = 2; 20%).

Figure 2. Representative color fundus photographs with corresponding fundus autofluorescence (FAF) and spectral-
domain optical coherence tomography (SD-OCT) images in this cohort of patients with biallelic ABHD12 variants. (A-C)
The left eye of patient D-6, a 42-year-old man with Snellen best-corrected visual acuity (BCVA) of 20/400. Fundus
photography revealed a slightly pale optic disc, atrophic macular changes and retinal pigment epithelium (RPE) changes
in the midperipheral retina, in the absence of spicular hyperpigmentation. FAF imaging showed a region of hypo-
autofluorescence (hypo-AF) in the central macula with a hyper-autofluorescent (hyper-AF) spot in the fovea. On SD-OCT,
loss of the external limiting membrane and ellipsoid zone was observed. (D-F) The left eye of a 36-year-old woman,
patient E-7, with Snellen BCVA of 20/29. Fundus imaging showed macular and midperipheral alterations, with no evident
spicular hyperpigmentation. On FAF imaging, hypo-AF zones of RPE degeneration were present outside the macula and
a macular hyper-AF ring was observed. SD-OCT showed preservation of the outer retinal layers in the (para)fovea. (G-I)
Patient F-8, a 53-year-old man with light perception visual acuity, showed extensive degeneration across the entire retina



with dense spicular hyperpigmentation reaching the posterior pole. FAF imaging demonstrated generalized hypo-AF due

to the extensive RPE atrophy. SD-OCT showed marked chorioretinal atrophy.
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