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Established Facts

o Mendelian disorders of the epigenetic machinery (MDEM) exhibit several overlapping clinical features
that are likely due to common abnormalities at the epigenomic level, which lead to downstream con-
vergence at the transcriptomic level.

o Germline biallelic mutations of PRMT7 (OMIM *610087) are causative of an ultra-rare neurodevel-
opmental disease named SBIDDS syndrome (short stature, brachydactyly, intellectual developmental
disability, and seizures; OMIM #617157).

o PRMT7 is the only monomethylating arginine methyltransferase.

Novel Insights

o Some clinical features of SBIDDS remind those seen in other MDEM, such as tendency to being over-
weight, short stature, and limb anomalies.

o Among new reported clinical features, hypogonadism could be underestimated in SBIDDS and in
MDEM in general.

o Auricular tags and pits may represent key features in SBIDDS syndrome.
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Abstract

Introduction: Mendelian disorders of the epigenetic ma-
chinery are a growing group of disorders exhibiting several
overlapping clinical features that are probably due to com-
mon abnormalities at the epigenomic level, which lead to
downstream convergence at the transcriptomic level. Case

presentation: Here, we report a new case of short stature,
brachydactyly, intellectual developmental disability, and
seizures (SBIDDS) syndrome with a severe ocular phenotype
and hypogonadism. Conclusion: Similarities and connec-
tions with other mendelian disorders of the epigenetic ma-
chinery are highlighted, confirming SBIDDS' enrolment as a
new spoke of the epigenetic machinery wheel.
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Introduction

Being able to quickly adapt to different environmental
conditions is key to survival for every biological system, in-
cluding the cell. Post-translational modifications (PTM:s)
are essential mechanisms that eukaryotic cells use to modu-
late protein functions and coordinate their signalling net-
works to the changing environment and include phosphor-
ylation, acetylation, methylation, and ubiquitination [Duan
and Walther, 2015]. Frequent targets of PTMs are histones.
Germline mutations in genes encoding histone machinery
molecules have recently been linked to mendelian disorders
of the epigenetic machinery (MDEM), an emerging group
of complex diseases that are often characterized by facial
dysmorphisms, intellectual disability (ID), developmental
delay, growth alterations, and a pletora of other abnormal-
ities [Fahrner and Bjornsson, 2019].

Among histone machinery proteins, methyltransfer-
ases transfer a methyl group from S-adenosylmethionine
to the side chains of lysines and arginines on histone tails.
So far, the only monomethylating arginine methyltrans-
ferase is PRMT?7, which participates in gene regulation,

stem cells biology, and cancer pathogenesis [Jain and
Clarke, 2019]. SBIDDS (short stature, brachydactyly, in-
tellectual developmental disability, and seizures; OMIM
#617157) is an ultrarare autosomal recessive syndrome
caused by mutations in PRMT7 (OMIM *610087) [Akawi
et al., 2015; Kernohan et al., 2017; Agolini et al., 2018;
Birnbaum et al., 2019; Valenzuela et al., 2019] (Fig. 1).

Here, we report a newly diagnosed case of SBIDDS
syndrome with a remarkable ocular phenotype and hypo-
gonadism, and we highlight the clinical similarity of
SBIDDS with other MDEMs, confirming its enrolment as
a new spoke of the epigenetic machinery wheel.

Material and Methods

Case Report

The proband was the only son of a non-consanguineous cou-
ple. Family history revealed 2 female maternal cousins with mild
ID and a neonatal death of a paternal uncle who died soon after
birth by an unknown cause. Pregnancy was complicated by intra-
uterine growth restriction; fetal distress and premature membrane
rupture resulted in a caesarean section at 37 weeks of gestation.

© Akawi et al. 2015
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Fig. 1. PRMT?7 variants in reported SBIDDS patients.
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Birth weight was 2,150 g (3rd centile), while length and occipito-
frontal circumference were not reported.

At birth he had right cryptorchidism, mild tricuspid and mi-
tralic insufficiency, bilateral hydroureteronephrosis, and monolat-
eral ocular persistent fetal vasculature (PFV) with retro-lental fi-
broplasia. Brain MRI only showed left microphthalmia.

During the first year of life, developmental delay was noted, with
sitting being achieved at 12 months of age. Neurological examination
reported hypotrophic lower limbs with absent osteotendinal reflexes
and global hypotonia. Autonomous walking was accomplished at the
age of 4, while speech remains absent. At 3 years, partial epileptic sei-
zures were diagnosed and at 7 years celiac disease. Shortly before our
assessment at 16 years of age, a neuropsychological and neuro-oph-
thalmological examination were performed showing severe ID with a
global IQ of 32 (Leither-R scale) and low retinal function. Upon phys-
ical examination, he was short (130.5 cm, —5.38 SDS), brachycephalic
(OFC of 50.8 cm, —4.12 SDS), and weighed 43.5 kg (-2.61 SDS). He
had a short neck, upslanted palpebral fissures, left blepharoptosis and
microphthalmia, long eyelashes, small nose with hypoplastic nostrils,
long philtrum, large upper incisors, high-arched palate, large ears with
a bilateral posterior helix pit, central obesity with hypotrophic lower
limbs, dorsal kyphosis, and clino-brachydactyly of fingers. Further-
more, feet appeared flat and narrow with a bilateral hallux valgus, and
brachydactyly of III, IV, and V toes (Fig. 2). The presence of hypogen-
italism prompted the request for a hormonal assessment which re-
vealed hypogonadotropic hypogonadism, low insulin growth factor
(IGF1) levels, and normal thyroid function.

CGH-array analysis was normal. Trio-WES analysis was then
performed.

Methods and Results

After informed written consent, genomic DNA was
extracted from peripheral blood samples using a standard
procedure. Trio WES with DNA samples of the patient
and his healthy parents was performed as described be-
fore [Pezzani et al., 2018]. Briefly, the exonic and flanking
splice junction regions of the genome were captured us-
ing the Clinical Research Exome v.2 kit (Agilent Tech-
nologies, Santa Clara, CA, USA). Sequencing was done on
a NextSeq500 Illumina system with 150 bp paired-end
reads. Reads were aligned to human genome build
GRCh37/UCSC hgl19 and analyzed for sequence variants
using a custom-developed analysis tool [Pezzani et al.,
2018]. Additional sequencing technology and variant in-
terpretation protocol have been previously described [Pe-
zzani et al., 2018].

Coverage on target for the index was >10x for 98.1%
with a mean coverage of 227x.

Trio-WES analysis revealed a previously unreported
homozygous non-sense variant NM_019023.5:

c.477T>G; (p.Tyr159ter) in exon 7 of PRMT7 (Fig. 1).
Both parents were found to be heterozygous carriers of
the variant.

Fig. 2. Somatic features of our patient.
Short neck, upslanted palpebral fissures,
left blepharoptosis and microphthalmia,
long eyelashes, small nose with hypoplastic
nostrils, long philtrum, large upper inci-
sors, high-arched palate, large ears with a
bilateral posterior helix pit, clino-brachy-
dactyly of fingers, flat and narrow feet with
a bilateral hallux valgus, and brachydactyly
of II, IV, and V toes.
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Discussion

SBIDDS syndrome is an ultrarare neurodevelop-
mental disorder with only 13 cases described thus far
(Table 1) [Akawi et al., 2015; Kernohan et al., 2017;
Agolini et al., 2018; Birnbaum et al., 2019; Valenzuela
et al., 2019]. The involved gene is PRMT7 which could
be considered part of the histone machinery. Some of
the described clinical features actually remind of those
seen in MDEM. For example, Rubinstein Taybi syn-
drome (RSTS, OMIM #180849, #613684) shows a pecu-
liar growth characterized by generalized delay during
infancy, followed by a tendency to overweight, similar
to SBIDDS, with resulting truncal obesity. Interesting-
ly, patients reported as not being overweight were all
younger than 6 years, thus not excluding the possibility
of a weight increase later on [Kernohan et al., 2017;
Agolini et al., 2018; Birnbaum et al., 2019; Valenzuela
et al., 2019]. The concurrent presence of celiac disease
in our patient could have additionally delayed the onset
of obesity. Of note, Prmt7 appears to be critical for
maintenance of muscle mass in aging, and Prmt7-defi-
cient mice exhibit age-related obesity and hyperglycae-
mia due to a muscle fiber-type switch from oxidative to
glycolytic muscle metabolism [Jeong et al., 2016]. In-
triguingly, Chrysanthemi zawadskii var. latilobum, a
perennial herb that is widely used as a traditional med-
icine in Korea and China, seems to ameliorate obesity-
induced skeletal muscle atrophy in mice via regulation
of PRMTSs and therefore could be the base for the devel-
opment of new therapeutic approaches [Yoo et al.,
2020].

Another shared feature is ID with delay/absence of
speech. Of note, PRMT7 suppression seems to reduce
both mRNA and the levels of the protein SHANK3 in hip-
pocampal CA1 pyramidal cells [Lee et al., 2020]. SHANK3
haploinsufficiency in humans causes Phelan-McDermid
syndrome (OMIM #606232), which is characterized by
ID, autism spectrum disorder, and severe speech delay.
The fact that both SBIDDS and Phelan-McDermid syn-
drome share an important speech delay hints to a regula-
tion of SHANK3 by PRMT7.

The majority of MDEM show hands and feet abnor-
malities, such as broad thumbs and halluces (RSTS, Wie-
demann-Steiner syndrome [WDSTS, OMIM #605130]),
clinodactyly, and brachydactyly. Similarly, SBIDDS pa-
tients have brachydactyly/clinodactyly. Analysing the
photos of reported patients, we identified what looked
like broad thumbs in 2 cases [Birnbaum et al., 2019; Va-
lenzuela et al., 2019]. In addition, radiographic images of
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Agolini’s patient seems to have a wide distal phalanx of
the thumb [Agolini et al., 2018].

These features all somehow remind of MDEMs.
Furthermore, there are other signs also associated
with epigenetic machinery defects. For example, both
SBIDDS and MDEM frequently manifest various ocu-
lar defects. The ocular phenotype displayed by our pa-
tient is unusually severe. PFV is the result of a failed
regression of the hyaloid vascular system during foetal
development, mainly driven by endothelial apoptosis.
Although PFV is usually an isolated finding, a genetic
basis may well be present [Prakhunhungsit and Berro-
cal, 2020]. PRMTs like PRMT7 may play an important
regulatory role in the involved pathways [Affara et al.,
2007], and it could be then involved in persistent hy-
perplastic primary vitreous pathogenesis as well as in
that of the venous malformation in the case of Valen-
zuela et al. [2019]. Further studies will be needed to
verify it.

Similarly, our patient’s hypogonadotropic hypogo-
nadism (HH) is interesting. PRMT7 is in fact expressed
in the hypothalamus, pituitary gland, and in other im-
portant endocrinological structures such as thyroid
and parathyroids, and 2 patients suffered from pseu-
dohypoparathyroidism [Akawi et al., 2015]. PRMT7
could contribute to the normal functioning of these
organs but may not be crucial. However, Prmt7 is
abundantly expressed in male germ cells, and deletion
of this gene resulted in germ cell number reduction
[Chen etal., 2020]. It should be noted that hypogonad-
ism is a well-known feature of some MDEM [Borjeson
et al., 1962; Wilson et al., 1991], and an additional
number of MDEM actually seems to show pubertal
anomalies; i.e., a diminution of the pubertal growth
spurt in Kabuki syndrome (OMIM #147920, 300867)
and in RSTS is observed [Schott et al., 2016: Beets et
al., 2014]. Detailed and thorough studies, however, are
currently lacking. Considering that pubertal endocri-
nological features in syndromic children are often
overlooked, the prevalence of hypogonadism could be
underestimated.

Other notable features are reported in only a few cases
of SBIDDS syndrome and in MDEM. Dry skin, for ex-
ample, is a non-specific and generally under-reported
feature that has been described in SBIDDS and in RAII
associated Smith-Magenis syndrome (SMS, OMIM
#182290) [Edelman et al., 2007]. Tethered cord and sacral
dimples have been described by Kernohan et al. [2017]
and in RSTS, Kabuki, and Sotos syndrome (OMIM
#117550) [Ajmone et al., 2018; Kuzucu et al., 2020; Mu-
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Fig. 3. Graphical representation of overlap-
ping clinical features between MDEMs and
SBIDDS. The coloured segments show the
proportion of MDEMs with clinical fea-
tures reported in SBIDDS patients, while
the separate slice represents the proportion
of SBIDDS patients having a specific clini-
cal sign.

SBIDDS

Intellectual disability

Limbs defects

o

Growth delay

—

\f@
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Hypogonadism

Ectodermal anomalies

Ocular defects

Epilepsy

N RS- T

roietal., 2021], and the absence of the patellar bone in the
case report of Agolini et al. [2018] and in Say-Barber-
Biesecker-Young-Simpson syndrome (SBBYSS, OMIM
#603736) [Lemire et al., 2012].

Taken together, these elements support SBIDDS as a
new spoke of the epigenetic machinery wheel (Fig. 3).

Conversely, a better comparison of published SBIDDS
patients’ features allowed to note the common presence
of sparse eyebrows and highlighted that auricular tags
and pits are present in roughly half the cases (Table 1).
Both these features are unusual in MDEM; while facial
dysmorphisms are non-specific, pits/tags may represent
akey feature and they could be included in the condition’s
name: Brachydactyly, Auricular abnormalities, Short
stature, Seizures, and Intellectual disability syndrome
(BASSI syndrome).

MDEM are emerging as a growing group of mendelian
disorders caused by pathogenic variants in epigenetic
regulators and exhibiting several overlapping clinical fea-
tures, which are probably the consequence of common
abnormalities at the epigenomic level, which lead to
downstream convergence at the transcriptomic level. We
can consider SBIDDS syndrome as a new form of MDEM.
The mechanisms of disease causation are still unknown
for the most part, and no genotype-phenotype correla-

SBIDDS' Deep Connection with MDEM

tions have been ascertained to date [Agolini et al., 2018].
In principle, however, proximal mutations are predicted
to result in a global loss of Prmt7 protein and in a more
severe phenotype, as in our patient, in patient 1 reported
by Agolini et al. [2018], and in the patient reported by
Kernohan et al. [2017]. Future studies should also be
aimed at understanding PRMT7 functions and interac-
tions. This data, coupled with a better definition of the
associated clinical phenotype thanks to new SBIDDS re-
ports, will then help improve our knowledge on the com-
plex genetic basis of this disease and of MDEM in gen-
eral.
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