Received: 6 February 2022

Revised: 16 May 2022

Accepted: 7 July 2022

DOI: 10.1002/ajmg.a.62911

ORIGINAL ARTICLE

AMERICAN JOURNAL OF JNE
medical genetlcs WILEY

Postnatal microcephaly and retinal involvement expand the
phenotype of RPL10-related disorder

Gerarda Cappuccio®? © |
Cristina Peduto® |

Leticia Pias® |

Vincenzo Nigro®>® | Ginevra Zanni° |

Margherita Lucia De Bernardi® |
Iris Scalal @ |
Flavio Gioele Gallo® | Adriano Magli® |

Jaume Catala® |

Alessia Morlando! |
Michele Pinelli*© | Emanuele Bellacchio® |
Carmen Plaitano’ | Mercedes Serrano®’ |
Mercé Bolasell® | Annalaura Torella®® |

Nicola Brunetti-Pierri’?

1Department of Translational Medicine, Section of Pediatrics, Federico Il University, Naples, Italy

2Telethon Institute of Genetics and Medicine, Naples, Italy

3Department of Precision Health, University of Campania 'Luigi Vanvitelli’, Naples, Italy

“Department of Molecular Medicine and Medical Biotechnology (DMMBM), Federico Il University, Naples, Italy

5Genetics and Rare Diseases Research Division, Bambino Gesu Children's Hospital, Rome, Italy

4Department of Pediatric Ophthalmology, University of Salerno, Fisciano, Italy

7Department of Ophthalmology, A.O.U. San Giovanni Di Dio e Ruggi d'Aragona-Scuola Medica Salernitana, Salerno, Italy

8Department of Ophthalmology and Department of Genetic and Molecular Medicine, Hospital Sant Joan de Déu, Barcelona, Spain

7U-703 Centre for Biomedical Research on Rare Diseases (CIBER-ER), Instituto de Salud Carlos I, Madrid, Spain

1%Unit of Muscular and Neurodegenerative Diseases, Department of Neurosciences, Bambino Gesti Children's Hospital, Rome, Italy

Correspondence

Gerarda Cappuccio, Department of
Translational Medicine, Federico Il University,
Via Pansini 5, 80,131, Naples, Italy and
Telethon Institute of Genetics and Medicine,
Via Campi Flegrei, 34, 80,078, Pozzuoli,
Naples, Italy.

Email: g.cappuccio@tigem.it

Present address

Gerarda Cappuccio, Jan and Dan Duncan
Neurological Research Institute, Texas
Children's Hospital, Houston, Texas, USA.

Funding information

TUDP; Telethon Foundation, Telethon
Undiagnosed Diseases Program, Grant/Award
Number: GSP15001

Abstract

Hemizygous missense variants in the RPL10 gene encoding a ribosomal unit are
responsible for an X-linked syndrome presenting with intellectual disability (ID),
autism spectrum disorder, epilepsy, dysmorphic features, and multiple congenital
anomalies. Among 15 individuals with RPL10-related disorder reported so far, only
one patient had retinitis pigmentosa and microcephaly was observed in approxi-
mately half of the cases. By exome sequencing, three Italian and one Spanish male
children, from three independent families, were found to carry the same hemizygous
novel missense variant p.(Arg32Leu) in RPL10, inherited by their unaffected mother
in all cases. The variant, not reported in gnomAD, is located in the 28S rRNA binding
region, affecting an evolutionary conserved residue and predicted to disrupt the salt-
bridge between Arg32 and Asp28. In addition to features consistent with RPL10-re-
lated disorder, all four boys had retinal degeneration and postnatal microcephaly.
Pathogenic variants in genes responsible for inherited retinal degenerations were
ruled out in all the probands. A novel missense RPL10 variant was detected in four
probands with a recurrent phenotype including ID, dysmorphic features, progressive

postnatal microcephaly, and retinal anomalies. The presented individuals suggest that
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retinopathy and postnatal microcephaly are clinical clues of RPL10-related disorder,

and at least the retinal defect might be more specific for the p.(Arg32Leu) RPL10 vari-

CAPPUCCIO ET AL.
ant, suggesting a specific genotype/phenotype correlation.
KEYWORDS
intellectual disability, microcephaly, ocular, retinal dystrophy, RPL10
1 | INTRODUCTION

More than 100 genes have been implicated in X-linked intellectual
disability (ID), and among them, the Ribosomal Protein L10 gene
(RPL10) on the Xg28 region has been recently found to be responsible
for a neurodevelopmental disorder with a wide spectrum of clinical
presentations (Brooks et al., 2014; Chiocchetti et al., 2011; Klauck
et al., 2006; Lubs et al., 2012; Striano & Zara, 2017). RPL10 encodes a
multifunctional component of the ribosomal 60S subunit. 35 rRNA
and 46 proteins are involved in the biogenesis of the 60S ribosomal
subunit (Konikkat & Woolford, 2017). Pathogenic variants in several
of the proteins forming the 60S ribosomal unit have been found to be
responsible for an heterogeneous group of disorders named riboso-
mopathies (Farley-Barnes et al., 2019; Kampen et al., 2020). Among
these disorders, Diamond-Blackfan anemia (DBA), Shwachman-
Diamond syndrome (SD-S), and Treacher Collins syndrome (TCS) are
the most studied. Despite ribosomes being ubiquitous, ribosomopa-
thies might result in tissue-specific impairments, since cell- and tissue-
type specific ribosomal proteins expresssion.

Hemizygous pathogenic variants in RPL10 have been described
in only 15 patients with a wide spectrum of manifestations ranging
from isolated autism spectrum disorder (ASD) and/or ID, to a com-
plex disease including growth retardation, microcephaly, seizures,
exotropia, laryngomalacia, genitourinary anomalies (cryptorchidism,
hypospadias, and vesicoureteral reflux), spondyloepiphyseal dyspla-
sia, and other skeletal anomalies (Bourque et al., 2018; Brooks
et al., 2014; Chiocchetti et al., 2011; Klauck et al., 2006; Nijman
et al, 2014; Thevenon et al., 2015; Vissers et al., 2016; Zanni
et al., 2015).

We report four further boys, from three independent families,
who all carry the same novel missense RPL10 variant. All patients pre-
sented with neurodevelopmental disorders, postnatal microcephaly,
dysmorphic features, and retinal dysfunction. Moreover, we reviewed
the clinical and genetic features of previously reported patients, to
delineate the phenotypic spectrum of RPL10-related disorder and

establishing genotype-phenotype correlations.

2 | PATIENTS AND METHODS

All patients were referred for clinical genetic evaluations because of
ID and/or behavioral problems associated with dysmorphic features
and congenital anomalies. After a normal diagnostic work-up including

array-comparative genomic hybridization (CGH) and targeted next

generation sequencing, the patients underwent trio exome sequenc-
ing (ES). Three of the four patients were enrolled in a research study
approved by the Ethics Committee of Federico Il University Hospital
in Naples, Italy (48/16) whereas the fourth case underwent ES as part
of his diagnostic evaluation. Genomic DNA from the patients and their
parents underwent ES, enriched using the SureSelect Clinical
Research Exome (Agilent, Technologies, Santa Clara, CA, USA) and
NextSeq 500 sequencing system was used (lllumina, San Diego, CA,
USA). A custom pipeline based on Burrows-Wheeler Alignment tool,
Genome Analysis Toolkit, and ANNOVAR (Wang et al., 2010) were
used to call, annotate, filter, and prioritize variants (Musacchia
et al,, 2018). PyMOL (www.pymol.org) was used for in-silico studies

and molecular protein rendering.

21 | Literature review
We reviewed publications (case reports and reviews) from 2006 to
2022 through PubMed

Decipher (https://www.deciphergenomics.org/), Online Mendelian

(https://www.ncbi.nlm.nih.gov/pubmed),

Inheritance of Man, Human Gene Mutation Database, and Google
Scholar using the following key words: “RPL10” and “ribosomopathy.”
We retrieved 15 cases carrying pathogenic variants in RPL10. For
each individual, we collected gender, sequencing data (including inher-
itance), clinical findings (perinatal issues, developmental milestones,
organ and system involvement, and brain MRI abnormalities), and

growth parameters.

3 | CLINICAL REPORTS

3.1 | Individual 1.1

The proband is the only child of a nonconsanguineous couple. Both
the father and the paternal grandfather of the proband had isolated
bilateral palpebral ptosis. Prenatal ultrasounds were unremarkable. He
was born by cesarean section at 37 weeks of gestation complicated
by maternal hypertension. Apgar score at 1' was 8 and at 5' was
9. The birth weight was 2900 g (7th centile). In the first days of life,
he had an episode of symptomatic hypocalcemia with tremors that
required calcium supplementation. He held his head at 6 months of
age, he stood without support at 12 months, and at 13 months he
started walking independently. He pronounced the first words at

7 months of age, but language skills were delayed. At 7 years and
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H. sapiens 22-FCRGVPDAKIRIFDLGRKKAK-42
M. musculus FCRGVPDAKIRIFDLGRKKAK
G. gallus FCRGVPDPKIRIFDLGRKKAK
D. rerio FCRGVPDPKIRIFDLGRKKAK
D. melanogaster FCRGVPDPKIRIFDLGRKKAT
C. elegans FCRGVPDAKIRIFDLGNKRAN
A. thaliana YCRGVPDPKIRIYDVGMKRKG
S. cerevisiae YNRAVPDSKIRIYDLGKKKAT

7 months, he could pronounce 200 words and could make sentences
of two to three words.

He suffered from constipation and underwent surgery for
cryptorchidism. At a clinical evaluation, performed at the age of
8 years, his weight was 32.8 kg (94th centile), his height was
123 cm (20th centile) and his occipito-frontal circumference (OFC)
He had
brachycephaly, bilateral palpebral ptosis, epicanthus, bilateral crum-

was 48.5 cm (standard deviation score [SDS] = -3).

pled helix, depressed nasal root, long and flat philtrum, progna-
thism, bifid uvula, and small and spaced teeth (Figure 1a). He also
was noted to have brachydactyly and bilateral clinodactyly of the
fifth toe. X-ray of the left hand showed hypoplasia of the middle
phalanx of the fifth finger. Brain magnetic resonance imaging (MRI)

showed mild hypoplasia of the lower portion of the cerebellar

vermis. Array-CGH and testing for Fragile X syndrome were both
normal. For the suspicion of Kabuki syndrome Sanger sequencing
of KMT2D and KDMéA prior of ES was performed but failed to
reveal pathogenic variants.

3.2 | Individual 2.1

The proband is the first child of healthy nonconsanguineous par-
ents. He was born by cesarean section after 37 weeks of gestation
complicated by maternal hypertension. A fetal karyotype was nor-
mal. At birth, amniotic fluid was stained with meconium. At birth,
his weight was 2950 g (10th centile) and his length was 51 cm
(51st centile).
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He walked independently at 3.5 years of age and he said his first
words at 6 years of age, and he was able to pronounce 30 words at
9 years. He was noted to have poor eye contact and social interac-
tions, stereotypic movements, and tip-toe walking at 4 years of age.
Because of hyperactivity and self-injurious behaviors, he started ris-
peridone. He had bilateral cryptorchidism that was surgically
corrected.

At the age of 12 years, his weight was 44 kg (75th centile), his
height was 163.5 cm (97th centile) with an arm span of 164 cm (arm
span-to-height ratio: 1) and his OFC was 51.5 cm (SDS = —2.26). The
systemic score for Marfan syndrome was 4 with positive wrist sign,
pectus carinatum, and suggestive facial features. He had a long face
with narrow and down-slanting palpebral fissures, epicanthus, and
esotropia of the left eye, long and flat philtrum, thin upper lip
(Figure 1a), and enamel hypoplasia. He had shawl scrotum and bilat-
eral syndactyly of second and third toe.

Cardiac ultrasound showed mild mitral prolapse and tricuspid pro-
lapse with regurgitation without aortic root dilatation. Brain MRI was
normal and the electroencephalogram showed mild electrical anoma-
lies. Plasmatic homocysteine and 7-dehydrocholesterol concentra-
tions were both normal. The array-CGH failed to detect pathogenic

chromosomal microdeletions or microduplications.

3.3 | Individual 2.2

The proband 2.2 is the youngest brother of 2.1 individual (Figure 1a)
and he was born after 37 weeks of uncomplicated gestation. At birth,
his weight was 3680 g (61st centile), his length was 49 cm (18th cen-
tile), and his OFC was 34 cm (22nd centile). Perinatal events were nor-
mal. He started walking independently at 2.5 years, and said his first
words at 3 years of age when he was also noted to have poor eye
contact, tendency to isolation, and hyperactivity. He underwent sur-
geries for vescicoureteral reflux and bilateral cryptorchidism.

On clinical evaluation, at 5 years of age, his weight was 20.5 kg
(59th centile), his height was 107.7 cm (11st centile), and his OFC was
48.4 cm (SDS = —3). He has long face with narrow and down-slanting
palpebral fissures, long and flat philtrum, and thin upper lip
(Figure 1a). He had bilateral syndactyly of second and third toe. Mild
mitral prolapse and tricuspid regurgitation were noted by echocardio-
gram. Maternal serum phenylalanine was normal. The array-CGH
failed to detect pathogenic copy number variants.

3.4 | Individual 3.1

The proband is the only child of healthy nonconsanguineous parents.
Prenatal ultrasounds were unremarkable. He was born by emergency
cesarean section because of abnormal cardiotocography after
39 weeks of gestation. At birth, his weight was 3700 g (63rd centile),
his length was 49.5 cm (40th centile), and his OFC was 34 cm (20th
centile). In the first months of life, he showed generalized hypotonia

with severe orofacial hypotonia but normal deep tendon reflexes. He
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held his head at 5 months of age, he gained the standing position at
8 months, at 29 months he started walking and at 4 years of age he
walked independently, often with tiptoeing. He started babbling at
12 months, and presently at 3 years of age he is not verbal. He had
short attention span and frequent tantrums. He had intense hand and
feet diaphoresis. He suffered from recurrent ear infections and
obstructive sleep disorder. Hypertrophic adenoids were surgically
removed. He had submucosal cleft palate but no signs of dysphagia.
At a clinical evaluation at 3 years of age, his weight was 12.4 kg (8th
centile), his height was 92 cm (16th centile), and his OFC was 48.0 cm
(SDS = —2). He was noted to have dysmorphic features including long
face with flat profile, sparse eyebrows, internal epicantal folds, full
eyelids, narrows palpebral fissures, Cupid's bow upper lip, brachydac-
tyly, and bilateral clinodactyly of the fifth fingers of hands and toes. A
brain MRI showed a small corpus callosum without other abnormali-
ties. Chromosome analysis and array-CGH failed to detect pathogenic

chromosomal abnormalities.

3.5 | Ophthalmologic evaluations

3.5.1 | Individual 1.1

The patient showed right eye exotropia at the age of 17 months but
at that time visual acuity and stereoacuity could not be performed
because of lack of cooperation. Objective examination showed exo-
tropia (Hirschberg test —40 prism diopters) and hypertropia of right
eye without excursion limitation in the nine gaze positions. Adnexa,
anterior segment, and fundus examination were all normal (Figure 2a).
Cicloplegic refraction (1% cyclopentolate eye drops) was +2.50 spher-
ical equivalent in right eye and +2.00 spherical equivalent in left eye.
When he was 7-year-old, optical coherence tomography (OCT) of the
macular region and nerve fiber layer was normal (Figure 2b), but the
electroretinography (ERG) showed a mild reduction of cones function,
probably due to a bilateral defect of ganglional cells. The visual
evoked potentials (VEP) were normal.

3.5.2 | Individual 2.1

When the patient was 2-year-old difficulties in object fixation and fol-
lowing, along with squinting were noted. Visual acuity at 2 years of
age was not evaluated because of lack of cooperation; stereoacuity
was present (Lang test 200 arc second). Objective examination
showed orthotropia and absence of excursion limitation in the nine
gaze positions. A marked myopic retinopathy was detected on fundus
exam along with a small retinal hemorrhage next to the optic disk of
the right eye as incidental finding (Figure 2a). Cicloplegic refraction
(1% cyclopentolate eye drops) was —22.00 spherical equivalent in
both eyes. When he was 10-year-old, OCT of the macular region
showed a diffuse reduction of neuroretinal rim thickness (Figure 2b)
and the ERG showed rod dysfunction. The anterior segment exam

showed bilateral superior subluxation of the lens.
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3.5.3 | Individual 2.2

The patient was noted to have difficulties with objects fixation by
18 months of age when he was first evaluated by ophthalmology but
his visual acuity and stereoacuity could not be evaluated because of
lack of cooperation. Objective examination showed esotropia
(Hirschberg test +15 prism diopters) with mild limitation in the abduc-
tion of the left eye. Fundus examination were all normal (Figure 2a).
Cicloplegic refraction (1% cyclopentolate eye drops) was +0.25 spher-
ical equivalent in right eye and +0.75 spherical equivalent in left eye.
When he was 3-year-old, OCT of the macular region was normal
(Figure 2b) but the ERG showed a mild reduction of cone and rod
function. Moreover, reduced VEP amplitude was detected in

both eyes.

FIGURE 2 (a) Patients 1.1 and 2.2:
Fundus image showed macular region
within normal limits. Patient 2.1: Fundus
image showed marked myopic
retinopathy with a small retinal
hemorrhage next to the optic disk of the
right eye (white arrow). Patients 3.1:
Fundus showed hypopigmented retinas
(white arrow), while maculas are
pigmented. (b) Patients 1.1 and 2.2:
Optical choerence tomography (OCT) of
the macular region and of the nerve fiber
layer within normal limits. Patient 2.1:
OCT of the macular region showing a
diffuse reduction of neuroretinal rim
thickness (white arrow). (c) SDS of OFC at
birth (n = 6) and at last evaluation

(nh = 12) of all reported patients with
RPL10-related disorder so far. OFC SDS at
the latest available evaluation is
statistically significantly different from
birth OFC SDS (p = 0.003). Red dots
correspond to the four pateints reported
herein

Left

Left

Patient 2.2

3.54 | Individual 3.1

The patient was noted to have horizontal nystagmus at
12 months of age. Ophthalmological evaluation detected horizon-
tal nystagmus with erratic ocular pursuit, photophobia, moderate
myopia, and retinal hypopigmentation (Figure 2a). An ERG per-
formed at 1 year of age by simultaneous stimulation of both eyes
with a 3.0 flash elicited responses of sparse morphology and
reduced amplitudes with preserved bilateral latency. Simultaneous
stimulation of both eyes with flicker did not elicit a response on
either side. The results were consistent with a macular alteration
and achromatopsia and a suspicion of cone dystrophy was raised.
At the age of 3 years, a repeated ERG showed normal flash and
flicker stimulus responses.
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4 | RESULTS

The missense variant p.(Arg32Leu) in RPL10 (NM_006013:c.95G > T,
chrX:153627840) in hemizygous state, inherited from their unaf-
fected mother, was detected in the four individuals from the three
unrelated pedigrees, by trio ES and was confirmed by Sanger
sequencing. The p.(Arg32Leu) variant is absent in general population
databases (gnomAD), is predicted to be damaging by multiple in
silico tools (SIFT, Polyphen, Mutation taster), has a CADD score of
23.8, and affects a highly intolerant region of the protein
(Figure 1b). According to American College of Medical Genetics
classification, this variant was categorized as Likely Pathogenic
based on PM1, PM2, PP1, PP3, and PP4 criteria in all four cases
(Richards et al., 2015). The Arg32Leu mutation disrupts the salt-
brigde formed by Arg32 and Asp28, thus affecting RPL10 conforma-
tion and its electrostatic interactions with the RNA molecule
(Figure 1c). In patient 2.1, a known pathogenic variant FBN1 was
also detected, p.Arg1530Cys (c.4588C > T, NM_000138), explaining
the lens subluxations (Loeys et al., 2001).

5 | LITERATURE REVIEW

A total of 19 males with RPL10-related disorder, including the four
individuals in the present study, are known so far. Except for one case
carrying a de novo variant, all patients inherited a RPL10 pathogenic
missense variant from their mother. The clinical details of all
19 patients with RPL10-related condition are shown in Table S1. We
then compared the clinical findings of the patients with p.Arg32Leu
variant in RPL10 (n = 4, p.Arg32Leu patients group) to the other
15 patients bearing different RPL10 variants (n = 15, literature
patients group; Table 1). OFC was normal birth in all 19 patients, but
microcephaly was observed in all the patients bearing p.Arg32Leu var-
iant and in 75% of the other group (Table 1). OFC SDS measured in all
the available patients at birth were significantly different from the last
evaluation (SDS = +0.5128 at birth vs. SDS = —3.21 at last evalua-
tions; p = 0.0032, t-test) (Figure 2c), consistent with postnatal micro-
cephaly. Short stature was absent in p.Arg32Leu patients while it was
detected in 62% (5/8) of the literature group. While developmental
delay (DD)/ID, as well as ASD, showed similar frequency in the p.-
Arg32Leu group compared to the literature patients, seizures, hearing
loss, and hypotonia were more prevalent in literature patients group
(Table 1). Considering all the patients with RPL10-related disorder
(n = 19), the average age for achieving autonomous ambulation was
of 31.3 + 14 months (range: 11 months-4 years), while the average
age for the first words was 34.8 + 27.5 months (range: 7-36 months).
However, two individuals remained nonambulant and five individuals
nonverbal (Table S1). Interestingly, all four individuals herein reported
had eye anomalies with some degree of retinal involvement (4/4),
while eye defects were identified in 50% of the literature group
whose only one patient showed retinal involvement (Table 1). Genito-
urinary problems including cryptorchidism and vesicoureteral reflux

were the most frequent anomalies, with similar frequency in
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TABLE 1 Clinical features in individuals with RPL10-related
condition reported in literature (n=15) and in the four novel patients
bearing the p.Arg32Leu variant in RPL10

Patients of the Patients with the
literature p.Arg32Leu variant in
(n=15) RPL10 (n = 4)
Variant 93% (14/15) 100% (4/4)
inherited by
the mother
Microcephaly
Prenatal 0% (0/4) 0% (0/2)
Postnatal 75% (6/8) 100% (4/4)
Short stature 63% (5/8) 0% (0/4)
Neurodevelopmental features
DD/ID 83% (10/12) 100% (4/4)
Hypotonia 100% (6/6) 75% (1/4)
Seizures 89% (8/9) 0% (0/4)
ASD 78% (7/9) 75% (3/4)
Cardiac 75% (3/4) 50% (2/4)
anomalies
Eye defects 50% (5/10) 100% (4/4)
Hearing loss 67% (4/6) 0% (0/4)
Genitourinary 78% (7/9) 75% (3/4)
anomalies
Gastrointestinal 100% (5/5) 25% (1/4)

problems

Abbreviations: ASD, autism spectrum disorder; DD, developmental delay;
ID, intellectual disability.

p.Arg32Leu and the literature group, while constipation and gastro-
esophageal reflux disease were more frequent in latter group
(Table 1). Dysmorphisms were present in all patients with the most
recurrent features being long face, epicanthus, broad nasal ridge, long
and flat philtrum, spaced teeth, prognathism, and prominent ante-
verted ears (Table S1).

6 | DISCUSSION

Defects of ribosomal proteins have been associated to several neuro-
developmental disorders (Hetman & Slomnicki, 2019). Recently, path-
ogenic variants in RPL10 gene have been identified in patients with
multisystem neurodevelopmental disorder. The core clinical manifes-
tations of RPL10-related condition include ASD, DD/ID, moderate/
severe microcephaly, and seizures (Bourque et al., 2018; Brooks
et al,, 2014; Chiocchetti et al., 2011; Klauck et al., 2006; Thevenon
et al., 2015; Zanni et al., 2015). In this report, we describe four further
patients all sharing the same novel missense variant in RPL10 (p.-
Arg32Leu), that presented with a similar pattern of anomalies, includ-
ing DD/ID, retinal anomalies and postnatal microcephaly, only
partially overlapping to the patients already described in literature

bearing different variant in RPL10 gene (n = 15).
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In addition to another patient bearing p.Ala64Val variant in RPL10
(Zanni et al., 2015), all the four patients herein presented showed
some degree of retinal damage, ranging from mild cones dysfunction
to bilateral retinitis pigmentosa, that emerged at early age as difficul-
ties in object fixation, squinting, exotropia, and nystagmus. Retinal
anomalies have been described in other ribosomopathies such as
SD-S due to biallelic DNAJC21 mutations (Warren, 2018), and TCS
(Goverdhan et al., 2005; Holla et al., 2013). Like other ribosomal genes
such as RPS9, RPL7A, RPL21, RPS19, and DBA are expressed in the ret-
ina and involved in retinal degeneration (Uechi et al, 2001; Xie
et al,, 2009),
et al., 2016) at 553rd position out of 12,000 expressed genes. The
functional consequences of RPL10 dysfunction in retina is unknown

RPL10 is also expressed in the human retina (Pinelli

to date, but interestingly, a zebrafish model induced by morpholino
antisense oligonucleotides to knock down ribosomal protein L10a
(rpl10a), showed smaller eyes with reduced pigmentation and edema
(Palasin et al., 2019). Translation perturbations as a consequence of
the ribosomal dysfunction due to RPL10 mutations, might affect pro-
tein abundance and/or accumulation of abnormal proteins in the ret-
ina causing retinal damage (Dierschke et al., 2019; O'Connell
et al,, 2019).

Our case series expand the spectrum of clinical abnormalities of
the RPL10-related disorders to include retinal abnormalities.
Whether the retinal dystrophy is an overlooked feature of RPL10
ribosomopathy or is due to specific RPL10 variants, such as the p.-
Arg32Val or the p.Alaé4Val, is currently unknown. Nevertheless, ret-
inal anomalies may be more frequent in patients with RPL10
pathogenic variants and a precocious ophthalmological referral after
the molecular diagnosis is warranted. Moreover, the inclusion of
RPL10 within NGS panel for syndromic retinopathies might be
recommended.

Postnatal microcephaly was found as a common feature in our
case series (100%) and was highly prevalent in the other patients
reported in the literature (75%) with average SDS of OFC of —3.2.
Evolution of disease phenotype has been already reported in other
ribosomopathies (De Keersmaecker et al., 2015). Mutations in differ-
ent ribosomal components and transacting ribosomal biogenesis fac-
tors might result into progressive neurodegeneration including
progressive microcephaly. Neurogenesis failure due to ribosomal
stress and apoptosis, and/or dysregulated protein translation might be
the implicated neuropathogenic mechanisms (Brooks et al., 2014;
Hetman & Slomnicki, 2019). RPL10-associated microcephaly was
indeed associated to insufficient proliferation and/or loss of neuro-
progenitors cells, along with secondary translational deficits, in
RPL10-depleted zebrafish, (Brooks et al., 2014; Hetman &
Slomnicki, 2019). Interestingly, Zika virus is a neuroteratogenic factor
that target ribosomal biogenesis and causes severe microcephaly and
other congenital brain abnormalities in the fetus (Chimelli & Avvad-
Portari, 2018). Recently, KIF11 pathogenic variants have been identi-
fied in individuals with syndromic autosomal-dominant mild-to-severe
microcephaly associated with lymphedema and/or chorioretinopathy
(Ostergaard et al., 2012). The retinal anomalies and the microcephaly

might be suggestive of KIF11-related disorder. However, the prenatal

onset of microcephaly, the lymphedema, and the different dysmorphic
features differentiate KIF11-related disorder from RPL10-related dis-
order (Jones et al., 2014).

The frequency of DD/ID along with ASD was similar in p.-
Arg32Leu patients compared to the patients of the literature, while
higher prevalence of seizures, hearing loss, hypotonia, and gastroin-
testinal anomalies was observed in the patients of the literature com-
pared to the p.Arg32Leu group.

Growth retardation was initially reported as a feature of RPL10-
related disorder (Brooks et al., 2014). However, our survey showed
that the overall prevalence of short stature was about 42%.

In conclusion, we report four probands from three unrelated fami-
lies all carrying the same p.Arg32Leu variant in the RPL10 gene that
expand the clinical spectrum of RPL10-related disorder to include reti-

nal anomalies and progressive microcephaly.
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