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Abstract

Radiculomegaly is a rare dental anomaly characterised by the enlargement of the root canals of
teeth. It is usually associated with oculo-facio-cardio-dental (OFCD) syndrome due to
truncating variants in BCL-6 transcriptional corepressor (BCOR) (MIM*300485). We present
the case of a 21-year-old female patient who was referred to genetics for a polymalformative
syndrome including bilateral glaucoma and dental anomalies, especially radiculomegaly. Some
others dysmorphic features were right superior lip notch, ogival palate, long philtrum, difficulty
in pronation, café-au-lait spots, II-III toe bilateral syndactyly, and macrocephaly. Cone-beam
CT confirmed radiculomegaly. The genetic analysis identified a heterozygous pathogenic
variant NM_001123385.1:c.2093del (p.Pro698GInfs*17) in the BCOR gene. After genetic
diagnosis of OFCD syndrome, cardiac CT-scan revealed a large asymptomatic atrial septal
defect that was subsequently surgically closed. Reviews of the literature have previously
highlighted the prevalence of radiculomegaly in OFCD syndrome with a positive predictive
value of 88.23% and a sensitivity of 75.94%. This case report highlights the importance of
radiculomegaly as a clinical sign of OFCD syndrome, emphasising the rarity of non-syndromic
radiculomegaly and the benefits of its diagnosis in clinical management, especially in cardiac
screening.

Radiculomegaly or root gigantism is a rare condition characterised by enlargement of the roots
of teeth. It can lead to delayed eruption, malformation of the teeth, and malocclusion. This
anomaly may be present as part of a syndromic condition. Most syndromic radiculomegaly has
been linked to oculo-facio-cardio-dental syndrome (ORPHA:2712), an X-linked dominant
disorder with truncating variants in BCL-6 transcriptional corepressor (BCOR). In the literature
review by Housley Smith et al.,! radiculomegaly has been identified in 60/92 (65%) patients with
oculo-facio-cardio-dental (OFCD) syndrome.

OFCD syndrome is a clinical entity with four main clinical features: ocular, dental, cardiac,
and facial dysmorphia. The most common ocular abnormalities are microphthalmia and
congenital glaucoma. Bilateral glaucoma, such as observed in our patient, has been described in
only three patients.” The typical dental abnormalities are radiculomegaly, oligodontia, retained
primary teeth, and malocclusion. The main cardiac anomalies are atrial septal defect, ventricular
septal defect, and/or persistent ductus arteriosus.® Facial dysmorphic features are non-specific,
including broad nasal bridge or cleft palate.* These four clinical features are present in 41% of
cases.” It is also common to find other defects such as skeletal abnormalities including scoliosis,
syndactyly, camptodactyly, and radio-ulnar synostosis. Only one patient has been described
with macrocephaly.?

On the other hand, non-syndromic radiculomegaly can occur in a sporadic or familial
manner, and the inheritance pattern is not fully understood. To date, only 11 cases of non-
syndromic, isolated, or unexplored radiculomegaly have been described.!>¢-!> Unfortunately,
most of these cases were described in old publications>®!!"12 and were untested for BCOR
variants. Specifically, some of these cases could be undiagnosed OFCD syndrome such as a
young girl with a bilateral congenital cataract,’ and a 20-year-old girl with congenital cataract
and her brother also presenting with radiculomegaly.? In these cases, a new diagnosis of OFCD
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syndrome could have led to cardiac exploration and potential
cardiac therapeutics if needed, such as in our case.

The BCOR is implicated as tumour-suppressor gene in acute
myeloid leukaemia and myelodysplastic syndrome.!* BCOR
internal tandem duplication and fusion with cAMP response
element-binding protein have been described in central nervous
tumours.'*

Here we report a case of a young woman with syndromic
radiculomegaly and implication of this finding in her diagnosis
strategy.

Case presentation

A 21-year-old female was referred to the Genetics Department
because of several physical abnormalities. She is the eldest of five
children, born from a non-consanguineous healthy couple. Her
siblings are healthy too. She was born with a left glaucoma, which
was complicated by cataract on the left eye for which she
underwent surgery at the age of 2. Then she had glaucoma in her
right eye. She is currently blind in both eyes. Despite this, she had a
normal education.

She had enophthalmos of the right eye and exophthalmos of the
left eye (a in Figure 1). Other dysmorphic features included a notch
in her upper right lip, a high-arched palate, and long philtrum (b in
Figure 1). She had II-IIT toe bilateral syndactyly (¢ and d in
Figure 1). She also had limited pronating of both hands and
scoliosis (e in Figure 1). In addition, the patient had multiple café-
au-lait spots on her skin. She was 1.73 cm (+1.5 SD) and weighed
57 kg (Median). Her head circumference was measured at 58 cm
(4+3.3 SD), indicating macrocephaly. At first evaluation, oligo-
dontia, taurodontism, and dental agenesis were noted as dental
features (ac in Figure 2), then cone-beam computed tomography
identified radiculomegaly affecting several tooth roots (d in
Figure 2). X-ray of the forearm revealed radio-ulnar synostosis.

The patient had a normal karyotype result: 46,XX. Given the
combination of ophthalmic anomalies and typical dental features
(especially radiculomegaly) recognised by a dentist expert in genetic
dental diseases, we suspected OFCD syndrome. To confirm this
clinical suspicion, we performed Next-Generation sequencing
(NGS) sequencing of a panel of 119 genes involved in ocular
abnormalities, which specifically include BCOR. Genetic analysis
identified an  undescribed BCOR  frameshift  variant
NM_001123385.1:¢.2093del (p.Pro698GInfs*17). Her mother did
not carry the BCOR variant, which was then assumed to be de novo
(lethal in males). This variant was absent from databases (GnomAD
and ClinVar). This variant was classified as pathogenic, class 5 in
American College of Medical Genetics and Genomics (ACMG)
classification.

Considering cardiac involvement in OFCD syndrome, an
electrocardiogram was performed and revealed a left axis estimate
to —49°, an intermediate QRS duration of 110 ms, and an RR’ QRS
morphology with an S wave >20 ms in lead D1. This pattern may
be suggesting incomplete right bundle branch block (RBBB)
associated with left anterior hemiblock. Subsequently, an
echocardiogram was performed that identified normal left
ventricular function with a left ventricular ejection fraction of
55%. The right ventricle/left ventricle) ratio is >1 with a right
ventricular end-systolic area of 17 cm?, a right ventricular end-
diastolic area of 32 cm,? and a right ventricular outflow tract of
39 mm. Right ventricular function appeared to be preserved
(S’ wave peak at 18cm/s, fractional shortening of 48%, non-dilated
and compliant inferior vena cava) without pulmonary arterial
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Figure 1. Photographs of dysmorphic features: enophtalmos and long philtrum (a),
high-arched palate, dental agenesis (b), 2-3 toe syndactyly (c, d), radio-ulnar
synostosis (e).

hypertension. The interatrial septum was visualised as thin and
mobile without any aneurysm (ASIA). Cardiac MRI confirmed
normal left ventricular function with an estimated left ventricular
ejection fraction at 65%. The right ventricular ejection fraction was
measured at 48% with a right ventricular end-diastolic volume of
174 ml (110ml/m?) and right ventricular end-systolic volume of
91 ml (57ml/m?). Finally, a cardiac CT scan confirmed a large atrial
septal defect (Figure 2e-f) who has been treated surgically.

Discussion

This case report highlights a rare case of syndromic radiculomegaly
in a 21-year-old female patient presenting with severe ocular and
dental defects, cardiac abnormalities, and facial dysmorphism.
OFCD syndrome diagnosis was the only one considered in the first
instance in this case, but other genetic ocular diseases were ruled
out at the same time by an NGS panel of 119 genes.

Our case had abnormalities in all four major groups of clinical
features but it was the radiculomegaly that most oriented our
diagnosis. Initially, in our case, the radiculomegaly was mistaken
for taurodontism before the cone-beam computed tomography
made the diagnosis. It is important to distinguish taurodontism as
the elongation of the pulp chamber with apical displacement of the
pulpal floor. Although these two anomalies may appear similar and
can both be found in OFCD syndrome patients, they are distinct
entities with different implications. Indeed, radiculomegaly has
been mainly described in OFCD syndrome, whereas taurodontism
is frequent and has been associated with certain ethnic groups.'®

In this case, given the signs of right ventricular dilatation in
correlation with RBBB and an estimated Qp/Qs ratio of 1.3, we
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Figure 2. Radiological (a), clinical (b), 3D scanner reconstruction (c), and cone-beam computed tomography (d) dental findings: radiculomegaly are marked (white *). Cardiac
scan sagittal view showing the large atrial septal defect (e) with dilated right atrium in green and left atrium in red (f). Electropherogram of GrCh37: NM_001123385.1(BCOR):

€.2093delC; p.(Pro698GInfs*17) (g).

suspected a left-to-right shunt that was not visualised on the
echocardiography. Indeed, 67% of patients with OFCD syndrome
presented with at least one cardiovascular abnormality.? Therefore,
we proceeded to perform cardiac MRI and cardiac CT scan to
better assess cardiac morphology. Cardiac MRI is suitable for
measuring volumes and calculating the right ventricular ejection
fraction, which can be challenging to obtain through routine
echocardiography due to right ventricle location just beneath the
sternum. Additionally, it can better estimate the presence and
characterise an atrial septal defect than echocardiography. Cardiac
MRI is not operator dependent and can therefore be reproducible
over time for follow-up. However, echocardiography by a trained
physician remains the gold standard in congenital heart defects
(CHD) assessment.'® In these situations, it would be interesting to
evaluate the benefits of cardiac MRI.

Originally described as a separate syndrome, OFCD syndrome
is now part of a clinical spectrum with BCOR diseases. OFCD
syndrome has X-linked dominant transmission (presumed lethal
in males). It is due to heterozygous truncating variants in BCOR
(BCL6 corepressor gene), occurring mostly de novo in female
patients®. Skewed X-inactivation is in favour of wild-type allele in
informative cases, and severity of defects appears to be related to
it.'” To date, OFCD syndrome has been described in 92 females
(from 63 families) worldwide. In our case, the BCOR truncating
variant presumably occurred de novo as it was not present in the
mother and unlikely to be carried by the asymptomatic father
(lethal forms in males). On the other hand, analyses in men with
syndromic microphthalmia type 2 (MIM #300166) showed BCOR
missense variants.!” Interestingly, to complete the spectrum, one
male patient with OFCD syndrome has been described with
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terminal nonsense variant'® and another with hemizygous variant
within the donor splice site of intron 12, predicted to result in
aberrant splicing in frame.® These two last variants may not have a
loss-of-function effect as the variants in the lethal forms in males.
These findings suggest genotype-phenotype correlation with
BCOR truncating variants linked to OFCD syndrome and missense
variants linked to microphthalmia syndromic type 2.

BCOR located in Xp11.4 is well known to be involved in cancer
either through a loss-of-function mechanism!® or as a partner
fusion gene.?® BCOR is also thought to play a key role in the Isl1-
expressing lineage for cardiac outflow tract septation, which may
explain the cardiac septal defects.?! However, the mechanism
appears to be different in radiculomegaly. BCOR is expressed in
both the dental epithelium and the mesenchyme during the early
tooth development and thought to be involved in the inhibition of
zinc finger protein multitype 2, which regulates alkaline
phosphatase, leading to hyperactive root formation.> These
mechanisms may link BCOR mutations to the observed
phenotypes.

Despite cases of non-syndromic or isolated radiculomegaly
described, radiculomegaly seems to be a pathognomonic feature of
OFCD syndrome. Indeed, among 92 cases with OFCD syndrome,
at least 65.2% (60/92) have radiculomegaly. Moreover some cases
of unexplored radiculomegaly might be unsolved OFCD syn-
drome.”?® To our knowledge, radiculomegaly is not associated
with any other genetic syndrome. Radiculomegaly could not be
detected in 13 of the 92 patients with OFCD syndrome because of
their young age.! These data indicate that the positive predictive
value for radiculomegaly in OFCD syndrome is 88.23% (60/
[60 + 8]), with a sensitivity of 75.94% (60/[60 + 19]). This is based
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on the assumption that cases of radiculomegaly strongly suspected
of having OFCD syndrome and patients with OFCD syndrome
who could not be assessed for radiculomegaly have been excluded.

It may be interesting to analyse BCOR and perform cardiac
screening in patients with non-syndromic radiculomegaly to better
understand BCOR spectrum diseases and allow detection of
asymptomatic CHDs.
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