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Deep phenotypic characterization of the retinal dystrophy in
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PURPOSE: To characterize the retinal phenotype in RNU4ATAC-associated Roifman syndrome.
METHODS: Ten patients (including 8 males) with molecularly confirmed Roifman syndrome underwent detailed ophthalmologic
evaluation including fundus imaging, fundus autofluorescence (FAF) imaging, spectral-domain optical coherence tomography (SD-
OCT), and electroretinography (ERG). Six patients had follow-up eye exams. All patients also underwent comprehensive
examination for features of extra-retinal Roifman syndrome.
RESULTS: All patients had biallelic RNU4ATAC variants. Nyctalopia was common (7/10). Visual acuity at presentation ranged from
20/20 to 20/200 (Age Range: 5–41 years). Retinal exam revealed features of generalized retinopathy with mid-peripheral pigment
epithelial changes. A para or peri-foveal ring of hyper-autofluorescence was the commonest FAF abnormality noted (6/8). The SD-
OCT demonstrated relative preservation of the foveal ellipsoid zone in six cases; associated features included cystoid changes (5/10)
and posterior staphyloma (3/10). The ERG was abnormal in all patients; nine showed generalized rod-cone dystrophy, whilst one
patient with sectoral retinal involvement only had isolated rod dystrophy (20 years old). On follow-up examination (Mean duration:
8.16 years), progressive loss of visual acuity (2/6), mid-peripheral retinal atrophy (3/6) or shortening of ellipsoid zone width (1/6)
were observed.
CONCLUSION: This study has characterized the retinal phenotype in RNU4ATAC-associated Roifman syndrome. Retinal involvement
is universal, early-onset, and overall, the retinal and FAF features are consistent with rod-cone degeneration that is slowly
progressive over time. The sub-foveal retinal ultrastructure is relatively preserved in majority of patients. Phenotypic variability
independent of age exists, and more study of allelic- and sex-based determinants of disease severity are necessary.
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INTRODUCTION
Roifman syndrome is an autosomal recessive disorder originally
described as a novel association of immunodeficiency, spondy-
loepiphyseal dysplasia, developmental delay, facial dysmorphism,
and retinal dystrophy [1], caused by biallelic variants in the small
nuclear RNA (snRNA) U4atac (RNU4ATAC) [2, 3]. The U4atac snRNA,
is a component of the minor spliceosome that regulates the
correct splicing of around 800 genes [2]. At least one RNU4ATAC
variant must obligatorily involve its Stem II region to cause
Roifman syndrome [3]. Homozygous or compound heterozygous
variants in RNU4ATAC have also been associated with micro-
cephalic osteodysplastic primordial dwarfism type 1 (MOPD1)
[4, 5].
To date, 18 patients affected with Roifman syndrome have been

described in the literature [1–3, 6–14]. Retinal involvement has been
reported in the syndrome, observed in nine cases [1–3, 11, 12]. The
retinal description includes hypo-vascularization and attenuated
retinal vessels [2, 3, 12], retinal pigment epithelial (RPE) changes
[3, 11], variable optic disc pallor [3, 12], and occasional reports of dull

foveal reflex [3] or macular oedema [12]. Variable degree of
generalized retinal dysfunction has been reported using full-field
electroretinography (ERG) in three cases [1, 11]. There is a single
case report that describes fundus autofluorescence (FAF) findings
[11], whilst none describe optical coherence tomography (OCT)
features, and overall, the retinal phenotype associated with Roifman
syndrome has not been comprehensively characterized.
The current study characterizes in detail the ophthalmological

phenotype in a cohort of ten patients with molecularly confirmed
RNU4ATAC-related Roifman syndrome. With this large case series,
we describe the natural history and characteristic retinal changes
spanning four decades of disease. This series includes the
youngest reported case with retinal involvement (a 6-month-old
infant) as well as a young adult with sectoral-retinal disease.

METHODS
The study protocol adhered to the tenets of the Declaration of Helsinki and
was approved by the research ethics board at the Hospital for Sick
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Children, Toronto, Canada. Patient information was collected prospectively
and retrospectively from medical records and entered to the Canadian
Centre for Primary Immunodeficiency Registry. Informed consent was
obtained from all patients.

Ophthalmic assessment
Ten patients (cases 9 and 10 are siblings) with biallelic variants in
RNU4ATAC and confirmed Roifman syndrome phenotype were recruited.
The genetic variants and clinical features (mostly systemic features with
limited retinal phenotypic information) of 5 cases have been previously
reported [Cases 7, 9 and 10 [2] and Cases 2 and 4 [3], respectively]. A
comprehensive history and detailed eye examination was performed that
included: best-corrected visual acuity (BCVA) and color vision assessment
(Hardy-Rand-Rittler plates), contrast sensitivity measurement [15] and
retinal evaluation. The eye with better acuity was used to summarize the
data. Fundus photographs were obtained in all subjects whereas, FAF
imaging was performed on eight patients. Spectral-domain OCT (SD-OCT)
imaging (Cirrus, Carl Zeiss Meditec or Spectralis, Heidelberg Engineering or
Envisu C2300, Bioptigen) included acquisition of horizontal raster scans
centred at the fovea (at least 6 mm length; all patients) and volume scans
(macular cube 6 × 6mm – 128 horizontal scan lines comprising 1024
A-scans each; 7 patients). Central sub-foveal thickness (CST) and average
macular cube thickness were measured, when possible. Full-field ERG
testing based on International Society for Clinical Electrophysiology of
Vision Standard stimuli [16] was performed in all cases. The ERG testing
was performed under chloral hydrate sedation (Case 1), general anesthesia
(Case 2) or awake (n= 8), using corneal JetTM (Cases 1 and 2), Dawson-
Trick-Litzkow (DTL; 7 cases) or Ambu® NeurolineTM 700 skin electrodes
(Case 5). Pattern ERG was done in 9 patients using DTL electrodes [17].
Although visual field testing was attempted, significant developmental
delay precluded reliability and hence, these results were not included in
this study.
Pearson’s correlations were performed to evaluate the relationship

between age and BCVA (average visual acuity of the two eyes), and
between age and the following ERG parameters: I. Dark adapted (DA) 0.01
b-wave amplitude, II. DA 10 a-wave amplitude, III. DA 10 a-wave implicit
time, IV. DA 10 ERG b-wave amplitude, V. DA 10 ERG b-wave implicit time,
VI. Light adapted (LA) 3.0 2 Hz a- wave amplitude, VII. LA 3.0 2 Hz a-wave
implicit time, VIII. LA 3.0 2 Hz b-wave amplitude, IX. LA 3.0 2 Hz b-wave
implicit time, X. LA 30 Hz flicker amplitude and XI. LA 30 Hz flicker implicit
time. Linear regressions were also performed to assess whether age
predicted average visual acuity, and whether age predicted the ERG
parameters.

Systemic evaluation
Each patient underwent comprehensive workup by the immunodeficiency
service, including a focused history and clinical characteristics, including presence
of growth deficiency (e.g., intrauterine growth restriction); neurologic manifesta-
tions (e.g., developmental delay); skeletal anomalies (e.g., spondyloepiphyseal
dysplasia); cardiac manifestations; endocrine dysfunction; renal disease; and
immune abnormalities. Serum immunoglobulin profile, viral, and post-vaccine
titre immune workup was also performed.

Genetic analysis
Patient’s genomic DNA was extracted from lymphocytes [3], and PCR
amplified using specific primers designed for the RNU4ATAC gene (details
available on request). Sequencing was done using GenomeLab Dye
Terminator Cycle Sequencing Quick Start Kit (Beckman Coulter) and
analyzed on CEQ 8000 Genetic Analysis System (Beckman Coulter).

RESULTS
Eight males and two females participated in the study. Age at first
visit ranged from 6 months to 41 years. Six patients had more than
one eye exam; the follow-up period ranged from 2 to 19 years
(Median: 4.5 years; Mean: 8.16 years). Details of the eye phenotype
of all ten affected individuals are summarized in Table 1 and
supplementary Table 1.
Nyctalopia, though not always noticed at presentation, was

observed in 7 cases; its onset ranged from 2 to almost 20 years of
age. Hemeralopia was noted in 2 cases in late teens and early
adulthood, respectively. None of the patients had nystagmus.

At presentation, the BCVA (Range: 5–41 years of age; Case 1
excluded) ranged from 20/20 to 20/200 (Median: 20/40); three
had a BCVA better than 20/25 in either eye (Cases 3, 6, 7)
(Table 1). Amongst patients who had multiple visits, two showed
a two-line decline in Snellen acuity in at least 1 eye (Cases 2 and 7
over 3 and 17 years, respectively). However, there weas no
significant correlation between age and average visual acuity,
r(8)=−0.0023, p= 0.99. Moreover, age was not a significant
predictor of visual acuity (F (1, 14)= 0.000071, p= 0.99;
β=−0.0001, p= 0.99). Hypermetropia was seen in the majority
(n= 7) with or without astigmatism. Color vision was variably
affected (Table 1) but contrast sensitivity was reduced in the
majority (5/7).
The characteristics of the retinal phenotype appear in Figs. 1

and 2, Supplementary Fig. 1 and are summarized in Supplemen-
tary Table 1. The fundus appearance was generally characterized
(except Cases 1 and 6, discussed separately) by diffuse yet discrete
mid-peripheral hypo-pigmented dots at the level of RPE with mild
pigmentary disturbances and attenuated arterioles. Discrete
scalloped patches of chorioretinal atrophy were seen in two of
the older cases (Ages, 33 and 41 years). Granular, discrete and
deep hyperpigmented spots were seen in the mid-periphery in
Cases 8 and 9 (Supplementary Fig. 1). A dull foveal reflex was
observed in 7 cases.
Fundus autofluorescence was available in 8 cases; six of them had

a para-/peri foveal ring of hyper-autofluorescence (Figs. 1 and 2).
The diameter of the ring appeared broadest in Case 2 (at 5 and 8
years, respectively) compared to others (≥10 years; Cases 3, 4, Cases
7–9). In cases 7 and 8 (aged 26 years), the ring appeared very close
to the foveal centre. A mid-peripheral hypo-autofluorescence
corresponding to the RPE changes was noted in 7 cases (except
Case 6), and the extent of hypo-autofluorescence tended to
increase in older individuals. The extent of mid-peripheral hypo-
autofluorescence increased with increasing age in Cases 2 and 3
(Fig. 1). Case 10 had sub-optimal AF images, regardless, they
demonstrated hyper-autofluorescence in the posterior pole with
mid-peripheral hypo-autofluorescence. Further, the oldest patients
(siblings; Cases 9 and 10) demonstrated mid-peripheral nummular
hypo-autofluorescence patches, that corresponded to RPE atrophy
seen on widefield imaging.
The SD-OCT showed outer retinal lamination to be variably

affected (Figs. 1, 2 and Supplementary Table 1). Horizontal line scan
through the fovea showed preservation of ellipsoid zone (EZ) in the
central 2mm in 6 patients (Cases 2, 3, 6, 7, 9, 10), whilst others
demonstrated mild (Cases 4, 5, 8) or significant (Case 1) disruption.
Case 5 that had 10-year follow-up scans showed progressive loss of
EZ and external limiting membrane (ELM) (Fig. 2C, F). In the temporal
macula, the EZ was attenuated or lost in all patients except Cases 6
and 10. The external limiting membrane (ELM) could be identified
beyond the boundaries of EZ loss in all cases. Cystoid/schitic macular
changes were present in 5 patients, and ranged frommild (Cases 3, 5,
8; Age Range: 10–26 years), to moderate (Case 4; 13 years), or severe
(Case 1; infancy and at 2 years). The CST ranged between 211 and
330 µm (RE; n= 7; mean= 267.7 µm; median= 258 µm); three had
cystoid changes. The average macular thickness ranged between 192
and 312 µm (RE; n= 5; mean= 251.2 µm; median= 253 µm); cases 4
and 7 had reduced average macular thickness (192 and 240 µm,
respectively).
The ERG traces are presented in Supplementary Figs. 2 and 3

and summarized in Supplementary Table 1. Nine patients showed
a generalized rod-cone dystrophy, of which three had non-
detectable rod and cone responses (Cases 4, 6 and 10 at 15, 19
and 40 years, respectively). Case 6 had isolated involvement of the
rod system. Age was not significantly correlated to any ERG
parameter (r(8) < ± 0.51, p > 0.10). Furthermore, age was not a
significant predictor of any ERG parameter (p > 0.10). The pattern
ERG showed reduced P50 amplitude consistent with macular
dysfunction in 8 patients; Case 6 had normal pattern ERG.
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Three cases with distinct aspects are described individually.

Case 1
Case 1, an infant represents the youngest reported case of
molecularly confirmed Roifman syndrome. At that young age,

the peripheral retina showed pigmentary changes and ERG
showed severe generalized rod dysfunction and moderate to
severe cone dysfunction (Supplementary Fig. 2A). There was
marked foveo-macular retinoschisis with disruption of outer
retinal lamination. At 2 years, parents observed the child to have
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nyctalopia, whereas fundus showed distinct hyperpigmented
spots in the mid-periphery (Fig. 1B) and persistent foveo-
macular schisis (Fig. 1C).

Case 5
Case 5 had the longest follow-up of 19 years (Figs. 1, 2). At first
visit (6 years), the child was asymptomatic, but bilateral mild RPE
changes and disc drusen were noted. At 9 years, nyctalopia was
reported and fundus showed mid-peripheral pigmentary changes
and bony spicules that progressed over time; progressive
centripetal atrophy was noted over time. Mild cystoid changes
were seen at 15 years of age that were not evident at 25 years
(Fig. 2C and F). The EZ was mildly disrupted in the central 2 mm
(15 years) that progressively shortened over time. Visual acuity in
the right eye was similar at 15 and 25 years (20/100), whereas in
the left, a single line deterioration was noted (20/70 to 20/80). The
ERG was non-detectable at 19 years of age (Supplementary Fig. 2E;
ERG was not performed at first visit).

Case 6
Case 6 (Fig. 2 and supplemental Fig. 1), a 20-year-old female
exhibited sectoral disease. She had no nyctalopia and demon-
strated normal BCVA, color vision and contrast sensitivity. Fundus
examination was characterized by inferior sectoral RPE disruption
and pigmentary mottling more evident peripherally. FAF imaging
showed a hyper-autofluorescent border surrounding the disc and
encircling the inferior area of involvement. Macular autofluores-
cence was normal. Pattern ERG was normal and the full-field ERG
showed isolated rod dystrophy. The SD-OCT scans from the
affected areas showed loss of EZ, ELM and outer nuclear layer
(Supplementary Fig. 1C–F). Macular scans were normal consistent
with absence of macular involvement on fundoscopy, FAF and
pattern ERG.

Genetic results
Genetic results are presented in Table 1. All subjects had biallelic
disease causing variants in RNU4ATAC, including one in the stem II
region (nucleotides 13–19). The second nucleotide alteration was
in the 5′ stem loop (7 cases), 3′ stem loop (2 cases) or in the stem II
region (Case 2). Case 5 had novel stem II (n.13 C > G) and 5′ Stem-
loop variants (n.29 T > C); other alterations at n.13 are known to
cause Roifman syndrome [2] and n.30 G > A is known to cause
MOPD1 [4].

Systemic phenotype
Most patients suffered from hypogammaglobulinemia (Cases 2–7),
agammaglobulinemia (Case 8), or dysgammaglobulinemia (Cases
1, 9, and 10). All patients exhibited characteristic developmental
delay, a history of intrauterine growth restriction, and character-
istic dysmorphism including skeletal or epiphyseal dysplasia
(Table 1). Most had recurrent sinopulmonary infections (Cases
2–10) and otitis media (Cases 3, 5–7, 9, 10).

DISCUSSION
This study provides the largest series and is the first comprehensive
description of the ocular phenotype in RNU4ATAC-associated Roifman
syndrome. The presence of a retinal dystrophy had been variably
associated previously but not systematically characterized [1–3, 12]. In
this series, all patients showed generalized retinal dysfunction on ERG,
and all except one had rod-cone dystrophy on ERG. Overall, the retinal
appearance was in keeping with retinitis pigmentosa (RP); notably, one
individual had sectoral RP. However, unlike typical RP, RNUATAC-
retinopathy was early in onset as all four cases examined in the first
decade of life had abnormal retinal exam or ERG. There was evidence
of slow disease progression on follow-up; this included loss of distance
vision (2/6), ellipsoid zone width (1/6) and/or progressive mid-
peripheral retinal changes (3/6). However, there was no significant
relationship between age and BCVA decline for the entire cohort.
The majority of our patients (70%) had complaints of nyctalopia;

age of onset was variable and likely relates to the disease severity.
The youngest of these patients, a 2-year-old, had severe rod
dystrophy on ERG. Interestingly, two patients who denied
nyctalopia only had mild to moderate rod dystrophy on ERG
(Cases 6 and 8). In literature, amongst cases of retinal dystrophy
(n= 9) [2, 3, 11, 12], nyctalopia was recorded only in 1 subject
which happens to be Case 4 in the current study [3].
Central visual acuity was better than 20/50 (Age Range: 5–41

years) in at least one eye in 60% of our cases. Cases that had BCVA
worse than 20/70 had notable disruption of sub-foveal EZ on OCT
(n= 4; age range 2–26 years). Two subjects showed ≥2-line
worsening in BCVA in at least one eye over time. Hence, the
degree of visual loss is likely related to the outer retinal changes
(on SD-OCT) and disease progression with age.
Most patients (9/10) exhibited generalized retinal changes

similar to RP characterized by mid-peripheral atrophy,
and pigmentary changes, akin to previously reported cases
[2, 3, 11, 12]. In the infant patient in our cohort, pigmentary
changes were visible in the far periphery, suggestive of early onset
retinal involvement in Roifman syndrome. Further, in older
patients, patches of scalloped RPE atrophy were observed in the
mid-periphery, a novel observation. Our study is also unique for a
case of macula sparing sectoral RP; upon careful review, a previous
case in literature seems to have sectoral disease, although not
specified by the authors [11].
On FAF imaging, a ring of abnormal hyper-autofluorescence at

the macula suggesting aberrant lipofuscin accumulation was seen
in majority (75%) of patients, and this is a novel observation in
Roifman retinopathy. This hyper-autofluorescence ring, although
non-specific, is commonly seen in RP [18] and is an indicator of
disease-severity [19–21]. Similar parafoveal rings have been
documented in other retinal dystrophies, including Leber con-
genital amaurosis [22], X-linked retinoschisis [23], and RPGR [24]-,
GUCA1A- [25], GUCY2D [26]-associated cone-rod dystrophy.
Further, the peripheral areas of hypo-autofluorescence found in
our patients corresponded well with the areas of RPE atrophy on

Fig. 1 Retinal imaging of Cases 1–5. Each horizontal panel represents a single patient visit with fundus photo, autofluorescence (FAF, if
available) and optical coherence tomography (OCT, if available). A–C represent Case 1, (D–I) represent Case 2, (J–O) represent Case 3, (P–R)
represent Case 4 and (S, T) represent Case 5. Cases are organized in terms of increasing age at characterization, with repeat imaging for Cases
2 and 3 provided at follow-up. Black arrowheads demarcate the preserved horizontal extent of the external limiting membrane (ELM); white
arrows demarcate the extent of the ellipsoid zone (EZ). The fundus is characterized by retinal pigment epithelial and pigmentary changes
along the arcades and mid-periphery, with associated arteriolar attenuation, without significant disc pallor. A dull foveal reflex is also
characteristic. In the youngest patient (A) the fundus is blonde with prominent choroidal vasculature and no vessel attenuation, with
pigmentary changes only visible in the far periphery (B, circles). A para-foveal (Q) or peri foveal (E, H, K, N) hyper autofluorescent ring was
commonly observed. The ring demonstrated a reduction in diameter, becoming more distinct and closer to the foveal centre with increasing
age. The peripheral areas of hypofluorescence on FAF corresponded well with the retinal areas of retinal atrophy. Findings on macular OCT are
characterized by relatively preserved foveal outer nuclear layer, with most cases showing preservation of outer retinal lamination (EZ and ELM)
in the central 2 mm (F, I, L, O, R). Around the margins of EZ loss, ELM could be identified. Three cases showed cystoid/schitic macular changes
(C, L, R).
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fundus photos. Both patients who had serial FAF imaging (3 years
apart) showed progressive increase in the areas of hypo-
autofluorescence suggesting disease progression. In our patient
with sectoral retinal involvement (20-year-old), the involved
regions were surrounded by a border of hyper-autofluorescence;

our patient appeared to have a less severe phenotype than the
7-year-old previously documented with sectoral disease [11].
Sub-foveal EZ and ELM was relatively preserved in 60% of cases,

and these cases had better BCVA. The rest demonstrated
disruption of central EZ and ELM, and hence had poorer visual
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acuity (worse than 20/70 in either eye). One subject (Case 5) with
extended follow-up (10 years), showed progressive loss of
parafoveal EZ and ELM. Posterior staphyloma was observed in
30% of cases; intriguingly, none of them were myopic.
The ERG results showed all subjects to have generalized rod

dysfunction, and the rod system was equally or more severely
affected than cone system in everyone suggesting a rod first
involvement in RNU4ATAC-retinopathy. Further, all except case 6
had moderate to severe or very severe abnormality in the rod
ERGs regardless of the age. Previous literature also showed severe
rod and cone dysfunction [1] or isolated rod dysfunction (in the
case with sectoral involvement) [11], similar to our results.
The majority of our patients (80%) had genotypes consisting of

known variants involving the Stem II region [3] of RNU4ATAC, in trans
with variants in non-Stem II regions that have been associated with
Roifman syndrome [2]. Case 5 had a novel Stem II variant n.13 C >G;
but other alterations involving the n.13 C nucleotide (n.13 C > T) have
been reported in Roifman syndrome [2, 11]. Case 2 is one of only two
patients ever reported with a homozygous Stem II variant (n.16 G>A)
causing Roifman syndrome [3, 12]. Whilst Case-2 had severe general-
ized rod-cone dystrophy in childhood, the onset of retinal dystrophy
was not described in the other subject [12]. Our case series had two
female patients: one exhibiting early-onset pan-retinal disease (Case 2;
n.16 G>A/n.16G>A) and the other with a milder sectoral retinal
disease as a young adult (Case 6; n.13 C > T/n.46G>A). Of the female
Roifman syndrome cases previously reported, Heremans et al. [12]
described a case (n.16 G>A/n.46G>A) with severe pan-retinal
dystrophy (age of onset unknown), and Bogaert et al. [11] reported
one (n.13 C > T/n.116 A> T) with mild retinal dystrophy (at 14 years).
Taken together, this may perhaps suggest n.16G>A and n.13 C > T
alleles in females to be associated with severe and milder retinal
phenotypes, respectively. A male harboring n.16G>A allele (current
study; Case 8) also demonstrated generalized retinal dystrophy. On the
contrary, the n.13 C > T variant has been reported in males from
different kinships with Roifman syndrome [2] and also seen in 4 males
in our series in compound heterozygous state; all demonstrated
generalized retinal dystrophy. In our study, three pairs of patients
harbored the same variants in both alleles (Cases 1 and 4, Cases 3 and
7, and Cases 9 and 10); all demonstrated a generalized rod-cone
dystrophy. No additional genotype phenotype correlation was noted.
RNU4ATAC homozygous or compound heterozygous variants

limited to the 5′ Stem-loop, Stem I, Sm protein binding site, and
the 3′ Stem-loop have been associated with MOPD1 [4, 5], a
clinically distinct disorder [5]. Patients with MOPD1 lack the
findings of epiphyseal dysplasia and immunodeficiency that are
seen in Roifman syndrome. Further, MOPD1 is associated with
retinal hypopigmentation without rod-cone degeneration
[5, 27, 28]. Also, no patients with MOPD1 have ever been reported
with a variant in the Stem II region. Hence, it is likely that the Stem
II variant drives the retinal dystrophy phenotype in Roifman
syndrome.
When reviewing prioritized genes with splicing alterations

identified in Roifman syndrome [2], and which have been reported

to have phenotypes that might be relevant to Roifman syndrome
and retinopathies, the most compelling candidates were XRCC5,
ALG12 and HTT. Mouse knockout models of Xrcc5−/− exhibit
growth retardation, severe combined immunodeficiency and
retinal abnormalities [29–31]. HTT encodes the Huntingtin protein,
and mice models show retinal degeneration; [32, 33] but
Huntington disease shows an insufficient phenotypic match to
Roifman syndrome. ALG12 is an alpha-1,6-mannosyltransferase
implicated in recessive glycosylation disorder [34], and has a
systemic phenotypic presentation akin Roifman syndrome. But
retinal degeneration has never been reported in ALG12-related
disorder [35, 36]. Hence, the pathogenesis of retinal involvement
in Roifman syndrome is still unknown.
In summary, we have detailed and refined the ocular

phenotypic characteristics of RNU4ATAC-associated Roifman syn-
drome spanning four decades. The retinopathy is universal, early-
onset, and shows slow progression. The disease generally shows a
rod-cone dystrophy pattern and has similarities to RP. We also
highlight sectoral RP at the mild end of the spectrum of Roifman
retinopathy. In younger affected, the OCT demonstrates reason-
able preservation of sub-foveal photoreceptors, and hence,
distance vision is relatively preserved at presentation. Half of the
patients demonstrated cystoid/schitic macular changes at some
stage of the disease. This study highlights the need for detailed
ocular phenotyping in Roifman syndrome patients to characterize
disease onset and progression. Our results and literature review
surrounding the various phenotypes reported with RNU4ATAC
suggests an allelic hierarchy of Stem II variants to cause retinal
dystrophy. In future, larger cohorts will help to better understand
how disease-causing variants might interact in an allelic hierarchy
and help ascertain if there are sex-related differences in disease
severity.
Supplemental information is available at Eye’s website.

SUMMARY

What was known before

● Roifman syndrome is an autosomal recessive disorder due to
disease causing variants in RNU4ATAC.

● Immunodeficiency, spondyloepiphyseal dysplasia, develop-
mental delay and facial dysmorphism are common manifesta-
tions.

● Retinal involvement is variable, reported in half of the
reported cases. The retinal phenotype is not well
characterized.

What this study adds

● Roifman syndrome is associated with a slow, progressive,
early-onset retinal dystrophy that affects all patients.

Fig. 2 Detailed retinal characteristics of Cases 5-10. Each horizontal panel represents a single patient visit with fundus photo,
autofluorescence (FAF, if available) and optical coherence tomography (OCT). A–F Represent Case 5, (G–I) represent Case 6, (J–L) represent
Case 7, (M–O) represent Case 8, (P–R) represent Case 9 and (S–U) represent Case 10. Cases are organized in terms of increasing age at
characterization, with repeat imaging for Cases 5 provided at follow-up. Black arrowheads demarcate the preserved horizontal extent of the
external limiting membrane (ELM); white arrows demarcate the extent of the ellipsoid zone (EZ). The fundus is characterized by retinal pigment
epithelial and pigmentary changes along the arcades and mid-periphery, with associated arteriolar attenuation, without significant disc pallor.
Bilateral disc drusen was observed in Case 5 (D, E). A parafoveal (K, N) or peri-foveal (Q) hyper autofluorescent ring was commonly observed.
The peripheral areas of hypofluorescence corresponded well with the retinal areas of retinal atrophy. Cases 6 had normal macular
autofluorescence (H) or whereas, Case 10 had generalized macular hyper autofluorescence, respectively (T). Widefield imaging in Case 6
shows (G) inferior sectoral RPE and pigmentary mottling; FAF (H) shows a corresponding area of sectoral hypo-autofluorescence, with a hyper-
autofluorescent border. Two cases showed relative preservation of outer retinal lamination (EZ and ELM) across most of temporal macular line
scan (I, U); whereas Case 5 at the last visit (F) and Case 8 (O) showed mild disruption of the sub-foveal EZ. Two cases showed mild cystoid
macular changes (C, O).
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● The retinal phenotype commonly manifests as a generalized
rod-cone dystrophy, and fundus, autofluorescence and optical
coherence tomography show similarities to retinitis pigmen-
tosa.

● Sectoral retinal involvement is a rare ocular manifestation of
Roifman syndrome
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