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Abstract

Background JAM3 gene, located on human chromosome 11q25, encodes a member of the junctional adhesion molecule
(JAM) family. Mutations of this gene are associated with hemorrhagic destruction of the brain, subependymal calcification,
and congenital cataracts (HDBSCC).

Casereport Herein, we present a newborn male with a prenatal suspicion of bilateral cataracts but without fetal ultrasound
findings of cortical malformations. He was postnatally diagnosed with a clinical picture of HDBSCC and Early-onset Devel-
opmental and Epileptic Encephalopathy (DEE), associated to a homozygous variant of JAM3 gene.

Conclusion Identification of this variant in affected individuals has implications for perinatal and postnatal management
and genetic counseling. To the best of our knowledge, this is the first case reported of a child with a JAM3 variant in Italy,
from a different ethnic background than the other reported children until now (Saudi Arabian, Turkish, Afghani, and Moroc-
can origin). JAM3 screening could be requested in prenatal diagnosis of fetal congenital cataracts and included in Next-
Generation DNA Sequencing panels.
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Background Mutations of this gene are associated with hemorrhagic
destruction of the brain, subependymal calcification, and
JAM3, located on human chromosome 11q25, is a gene congenital cataracts (HDBSCC, OMIM #613,730) [4, 5].
that encodes a member of the junctional adhesion molecule By genome wide linkage analysis followed by candidate
(JAM) family [1-3]. gene sequencing of a Saudi Arabian family with HDBSCC,
Mochida et al. identified a homozygous loss-of-function
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mutation in the JAM3 gene (OMIM*606,871). Affected
individuals either died in early infancy or survived with
profound developmental delay, spasticity, and seizures
[4]. These findings showed how much JAM3 is important
for maintaining the integrity of cerebral endothelial cells
(avoiding hemorrhages) and for normal lens development in
humans (avoiding cataract), confirming data seen in JAM3-
deficient mice [6-8].

Three years later, in affected members of 3 unrelated
families with HDBSCC (one Turkish, one Afghani, and one
Moroccan), Akawi et al. identified 3 different homozygous
loss-of-function mutations in JAM3 gene [5], with a similar
phenotype to that reported by Mochida in 2010 [4].

Herein, we present a newborn male with a prenatal sus-
picion of bilateral cataracts but without fetal ultrasound
findings of cortical malformations. He was diagnosed
postnatally with a clinical picture of HDBSCC associated
to a mutation of JAM3 gene: the 24-month follow-up was
described.

Results
Clinical report

An Italian child was born to healthy but consanguineous
parents at 37 weeks of gestational age (GA). Both parents
were from central Italy. His 36-year-old mother had no
symptomatic infections and was negative on TORCH infec-
tion screening during pregnancy. He was the first child and
had no family history of neurological disorders or inherited
cataracts. Bilateral crystalline hyperechogenities were pre-
viously detected at ultrasound assessment of 20 weeks GA.
However, fetal magnetic resonance imaging (MRI) excluded
a cataract and ischemic—hemorrhagic cerebral abnormalities
at 20 weeks and 5 days GA.

The baby was delivered at term via a normal spontane-
ous delivery, with an Apgar score of 9 and 10 at 1 and 5 min
after birth, respectively. The child’s auxological parameters
at birth were all appropriate for gestational age according
INeS Charts: weight 2750 g (25" centile), length 48 cm
(25-50" centile); head circumference 34 cm (50" centile).
No major malformations were detected, except for a bilateral
cataract. At about 12 h of life, he was irritable and exhib-
ited excessive startle, hypotonia, and apnea. Therefore, he
was transferred from maternity room to our Neonatal Inten-
sive Care Unit (NICU), where a cranial ultrasound showed
periventricular leukomalacia.

Focal seizures started in second day of life, presenting
with non-motor/autonomic signs (cyanosis and tachycardia)
followed by bilateral myoclonic jerks and generalized hyper-
tonia. Electroclinical and electrographic only episodes were
observed. Seizures became more and more frequent until
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status epilepticus that was refractory to phenobarbital; the
infant required mechanical ventilation. The status epilepticus
was controlled with continuous infusion of midazolam. An
Early-onset Developmental and Epileptic Encephalopathy
(DEE) was documented. Multiple intraventricular hemor-
rhages (IVH) and intraparenchymal hemorrhages (IPH) were
detected on brain magnetic resonance imaging (MRI): hem-
orrhages were observed, in particular, in left hemisphere
(frontal and temporo-occipital regions), without midline
shift. Other abnormalities included multiple periventricular
calcifications, porencephalic cysts, and hypoplasia of cer-
ebellar vermis (Fig. 1). The progressive post-hemorrhagic
hydrocephalus (PHH) was managed with a ventriculo-sub-
galeal shunt (VSGS) on 12" day of life.

An extensive metabolic examination for plasma and uri-
nary amino acids and urinary organic acids, and screening
for galactosemia were all normal. Creatine kinase (CK)
concentration was normal. Initially a TORCH infection was
suspected, but all tests for toxoplasmosis, rubella, cytomeg-
alovirus, and herpes simplex virus were negative for the
child and her mother. Therefore, we hypothesized that the
patient had an underlying genetic disease that was associ-
ated with vascular vulnerability. Array-comparative genomic
hybridization (array-CGH) was ordered and did not disclose
any alterations.

A complete heart assessment revealed a myocardial
hypertrophy. Subclinical arterial hypertension was noticed
at 1 month of age, and the presence of renal hypertension
was identified based on the elevation of the plasma renin
activity; however, abdomen ultrasonography examination
detected no internal organ defects, and no apparent stenosis
was detected in either of the renal arteries. An oral calcium
channel blocker (amlodipine 0.2 mg/kg/day) was transiently
administered with a good control of blood pressure.

Ophthalmological examination showed congenital bilat-
eral cataract, without other abnormalities. Vitrectomy was
performed at 2 months of life.

A good seizure control was gradually obtained using lev-
etiracetam and phenobarbital. The baby was then discharged
from NICU with a strict follow-up program.

Genetic analysis

Considering suspected cortical malformations and cata-
ract, the coding regions of COL4A 1 and JAM3 genes were
analyzed by performing a Next Generation Sequencing
by Nextera (Illumina) assay for targeted resequencing.
After bioinformatics analysis and variant filtering and
prioritization, the patient was found to carry a novel
homozygous variant in exon 6 of JAM3 gene: c.690 T> G
(NM_032801.5) p.Cys230Trp (NP_116190.3). This
homozygous variant was confirmed by Sanger sequencing.
His father and his mother were both heterozygous carriers
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Fig.1 Axial T2-weighted (A) and susceptibility weighted imaging
(B) of brain MRI showed severe intraventricular hemorrhage and
bilateral multiple intraparenchymal hemorrhages, prevailing in the
left hemisphere, and enlargement of the posterior horns of the lat-
eral ventricles. Coronal T2-weighted (C) showed multiple cysts in
the frontal periventricular white matter. Sagittal T1-weighted (D)
revealed also a large intraventricular clot in the III ventricle and hypo-

Fig.2 (A) Sanger sequencing A

plasia of cerebellar vermis. Multiple periventricular calcifications
(arrows) were demonstrated on phase axial susceptibility weighted
image (E), on T1-weighted (F) image, and on corresponding axial CT
(G). There was no evidence of venous thrombosis and vascular mal-
formation on MR venogram (H) and time of flight angiography (not
shown)

confirmed the homozygous
variation, ¢.690 T > G, in the
proband. (B and C) Sanger
sequencing shown that the
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heterozygous variation
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(Fig. 2). JAM3 mutations have been reported as associated
to recessive forms of brain hemorrhages, subependymal
calcifications and cataract (OMIM #606,871). This variant
has not been reported until now in literature and is highly
likely to be pathogenic according to American College of
Medical Genetics (ACMG) criteria [9]. We also assessed

the pathogenicity of this mutation using Poly-Phen2 soft-
ware (http://genetics.bwh.harvard.edu/pph2/index.shtml)
that identified it as “Probably Damaging”, suggesting that
this novel variant has high pathogenicity. Identified vari-
ant was classified according to the HGVS nomenclature
(www.hgvs.org/mutnomen).
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Follow-up
During a 2-year follow-up (Fig. 3A-D), he showed a

marked growth impairment; an Early-Onset Developmen-
tal and Epileptic Encephalopathy (DEE) was confirmed,

whi -

associated with spastic tetraparesis. He received percuta-
neous endoscopic gastrostomy (PEG) for feeding.

Serial head ultrasound and brain MRI showed a gradual
worsening of ventricular dilatation (Fig. 4A,F; B,G): a ven-
triculoperitoneal shunt (VPS) was implanted at 4 months of
life. Subsequent MRI (Fig. 4C, H; D,I) showed enlargement

Fig.3 The patient during NICU stay (A-B), at 12 months (C) and at 24 months (D)

Fig.4 Axial (A-E) and coronal (F-L) T2-weighted images of serial
brain MRI: (A,F) 1 month of life, (B-G) 3 months of life, (C-H)
4 months of life, (D-I) 15 months of life, (E-L) 2 years of life. Serial
MRI scans showed porencephalic cystic evolution and reduced white-
matter volume (indicative of destructive changes), and consensual
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gradual worsening of ventricular dilatation unless a ventriculoperito-
neal shunt was implanted at 4 months of life. Last two MRI exams
(D-I and E-L) showed a plastic re-organization of porencephalic cysts
and lateral ventricles with reduction of signs of cerebrospinal fluid’s
decompensation
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of porencephalic cystic and reduction of white-matter vol-
ume (destructive changes), and consensual gradual worsen-
ing of ventricular dilatation. At 2 years of life, brain MRI
showed a plastic re-organization of porencephalic cysts and
lateral ventricles with reduction of signs of cerebrospinal
fluid’s decompensation (Fig. 4E,L).

The epileptic disorder was characterized by focal drug-
resistant epilepsy, requiring to different antiepileptic drugs
(AEDs) be added/substituted. Awake and sleep electroen-
cephalogram (EEG) studies showed a severe alteration of
brain electrical activity due to the organization of the back-
ground rhythm (a diffuse theta rhythm with posterior pre-
dominance) and due to the presence of intermittent bursts
of high-voltage sharp waves and spikes. At time of writing,
he receives topiramate, clonazepam, vigabatrin, lamotrigine
with a sufficient seizure control.

Microphthalmia is evident; ocular motility is poorly eval-
uable, with horizontal and rotary nystagmus jerks. Sponta-
neous mobility is reduced with intermittent occurrences of
abrupt and synchronized movements of the limbs. He shows
a spastic quadriplegia with axial hypotonia. He has no head
control and no functional use of the hands. A spinal X-ray
performed at two years showed a dorsal-lumbar scoliosis. He
wears ankle—foot orthosis, and he sits on a polyfunctional
chair.

During the Italian COVID-19 s wave, he was found posi-
tive for SARS-CoV-2 by real-time PCR on nasopharyngeal
swab. However, he is still alive and never developed fever
or any signs of infection.

Discussion

Dreadful cerebrovascular diseases could be related to
impaired integrity of blood vessels, as we describe in this
clinical report of a term neonate with early-onset multiple
intraventricular hemorrhages (IVH) and intraparenchymal
hemorrhages (IPH).

Recent studies have tested the hypothesis that IVH may
be secondary to variability in some risk genes [10]. Among
these genes, COL4A1 gene (OMIM*120,130), located
on human chromosome 13q34, encodes type IV collagen
alpha-1 chain protein, which is expressed in all human tis-
sues, especially in vessels and brain. To date, many patho-
genic COL4A 1 mutations have been identified. A wide spec-
trum of clinical manifestations, associated with COL4A1
mutations, may be caused by aberration of basement mem-
branes of blood vessels. Neurological features are the most
prominent but are rather nonspecific: antenatal intracranial
hemorrhage, porencephaly, brain small-vessel disease with
hemorrhage or vascular leukoencephalopathy have been
reported [11-17]. Ophthalmological features associated with

COL4A1 mutations are heterogeneous and include congeni-
tal cataracts [18].

Similarly, dysfunction of the tight junction components
(occludin — OCLN, and junctional adhesion molecules —
JAMs) has been associated with an overlap clinical pres-
entation. There are three types of JAMs: JAMI (expressed
in endothelial and epithelial cells) and JAM2 and JAM3
(expressed only in vascular endothelial cells). JAM-1 is a
ligand involved in trans-endothelial migration of leukocytes
[19]. JAM2 plays a key role in blood-brain-barrier perme-
ability and bi-allelic JAM2 variants have been related to
early-onset recessive primary familial brain calcification
(OMIM #618,824): Schottlaender et al. suggested that defec-
tive cell-to-cell adhesion and dysfunction of the movement
of solutes through the paracellular spaces in the neurovas-
cular unit could be a key mechanism in central nervous sys-
tem calcifications [20]. JAM-3 functions similarly to JAM-2
and its mutations have been identified to cause hemorrhagic
destruction of the brain [4, 5]. According to findings by
Daniele et al. (2007), mouse JAM3 apical expression was
also found on the embryonic retinal neuroepithelia, and its
deficiency caused nuclear cataracts [21].

Conversely, OCLN is associated with autosomal recessive
Pseudo-TORCH syndrome 1 (OMIM #251,290): affected
individuals have congenital microcephaly, intracranial calci-
fications, simplified gyration and polymicrogyria, and severe
developmental delay [22]. Patients with OCLN mutations
did not have intracranial hemorrhages or congenital cata-
racts; only two siblings reported by Slee et al. (1999) also
presented with congenital cataracts [23].

Herein, we reported a novel homozygous variant in the
tight-junction gene JAM3 in an Italian child with severe
hemorrhagic destruction of the brain and bilateral congeni-
tal cataracts as cardinal features. He was diagnosed postna-
tally with a clinical picture of HDBSCC. Echocardiography
displayed no anatomical heart defects, but only myocardial
hypertrophy. We did not observe in our patient thrombo-
cytopenia, hepatomegaly, renal anomalies, or other organ
involvement as previously reported in some patients [4, 5].
As reported by Akawi et al., the disorder is likely due to the
total loss of the protein function as a result of the mutation
[S].

COL4A 1-related disease could have an overlap clinical
presentation: according Tonduti et al., raised CK concentra-
tion, in addition to intracranial calcifications, is to be consid-
ered a useful pointer to a final diagnosis of COL4A1-related
disease [24].

Our clinical report stresses the importance of screening
also any JAM3 mutation when CK concentration is normal,
such as in our patient. A normal CK concentration, in addi-
tion to intracranial calcifications and diffuse cerebral hemor-
rhages, should therefore lead to analyze JAM3 gene in the
suspicion of HDBSCC.

@ Springer



4764

Neurological Sciences (2021) 42:4759-4765

To the best of our knowledge, this is the first case
reported of a child with a JAM3 variant in Italy, from a dif-
ferent ethnic background than the other reported children
until now (Saudi Arabian, Turkish, Afghani, and Moroc-
can origin).

Furthermore, congenital cataract is a genetically hetero-
geneous disease [25]. Next-generation DNA sequencing
(NGS) technologies have been validated to determine the
precise genetic cause of bilateral congenital cataracts in
about 75% of individuals but JAM3 is not usually included
in these panels [26, 27]. Our results contribute to expand
the mutational spectrum of genes causing congenital cata-
ract, in approaching the prenatal diagnosis.

Conclusion

In conclusion, we reported a phenotype resembling a
TORCH infection caused by a novel variant in JAM3. We
suggest COL4A1 and JAM3 testing in patients with post-
hemorrhagic hydrocephalus, porencephalic cysts, and cat-
aract as well as suspected TORCH infection without any
proven etiological factors. Furthermore, JAM3 screening
could be requested in prenatal diagnostic work-up of fetal
congenital cataracts and included in NGS panels.

This is important, as identification of this variant in
affected individuals has implications for perinatal and
postnatal management and genetic counseling. In addition,
making this diagnosis may help tailor appropriate screen-
ing tests for organs typically catastrophically involved.
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