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1 | INTRODUCTION

MED12 is a subunit in a kinase module that plays a key
role in cell differentiation and development through
RNA-transcription.”” The module regulates a larger
protein complex known as the Mediator, encoded by
26 human genes, that facilitates developmental signal-
ling from DNA-bound transcription factors to RNA poly-
merase I1.>* Missense variants in MEDI2 are associated
with X-linked recessive and clinically overlapping de-
velopmental disorders including Lujan-Fryns syndrome
(OMIM 309520), Ohdo syndrome* (OMIM 300895) and
Opits-Kaveggia syndrome (OMIM 305450), which all,
inter alia, are characterized by intellectual disability
and facial dysmorphism in affected males.>® However,
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Pathogenic variants in the MEDI12 gene located on the X-chromosome have pri-
marily been reported in males with Lujan-Fryns syndrome, Ohdo syndrome and
the Opits-Kaveggia syndrome. However, earlier reports of female patients and
female mice suggest that MED12 deficiency causes severe malformations. We re-
port a novel example of a MEDI12 de novo nonsense variant in a female fetus with
severe malformations identified by trio-exome sequencing. This finding further
expands the clinical spectrum of MED12-related disorders, which is vital for pre-
natal diagnosis and genetic counselling of couples.

exome sequencing, malformation, MED12 deficiency, prenatal diagnosis, X-linked

a missense variant p.(Argl148His) in MEDI2 was re-
cently reported in two affected sisters with intellectual
disability, macrocephaly and deep set eyes,” which chal-
lenges the original view of MED12-related disorders as
being classically X-linked recessive. Interestingly, the X-
chromosome inactivation profile in blood cells from the
two sisters showed no correlation with clinical outcomes
as previously reported in symptomatic female carriers of
an X-linked disease.? Likewise, an intronic splice variant
causing exon 9 skipping in MED12 was recently reported
in a girl with generalized hypotonia, cleft lip and palate,
facial dysmorphism and pulmonary stenosis.’ The clini-
cal spectrum of MED12-related disorders was further ex-
panded when de novo loss of function variants in MED12
was shown to be associated with Hardikar syndrome
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(OMIM 612726) in females.'® The affected patients had
facial cleft, pigmentary retinopathy, aortic coarctation,
biliary anomalies and intestinal malrotation. Finally, fe-
male mice that are heterozygous for a conditional null
allele of Med12 expressed in a mosaic fashion die pre-
natally and show split face exencephaly, spina bifida
and craniorachishisis,'! which further substantiates the
essential role of MED12 in female embryonic develop-
ment. In this report, we describe, to our knowledge, the
first case of a female fetus with severe malformations
and heterozygous for a MEDI12 de novo nonsense vari-
ant. Understanding the degree to which MEDI12 genetic
heterogeneity affects human female fetuses is vital for

FIGURE 1 (A) Bilateral cleft lip and
cleft palate. (B) Dysmorphism of the nose.
(C) Hypertelorism. (D) Ventricular septal
defect. (E) Gastric ventricle is located
behind the heart (red arrow). (F) Autopsy
of abdomen showing displacement of the
liver into the thorax due to diaphragm
aplasia

genetic counselling of couples when MED12-related dis-
orders are diagnosed prenatally.

2 | CASE PRESENTATION

A non-consanguineous couple, with two healthy sons,
presented in their third pregnancy. The result of first tri-
mester risk assessment was normal and no ultrasound
anomalies were seen at gestational age (GA) 13+4. At
GA 14+5, an ultrasound scan was performed suggesting
cleft lip and cleft palate. At GA 16+0, severe bilateral cleft
lip and palate was confirmed and right-sided aortic arch
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FIGURE 2 Pedigree of index
family. Squares indicate healthy males.
Circles indicate females. Black triangle
indicates termination of pregnancy of
the female fetus. Sanger sequencing is
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shown for the parents and the female
fetus demonstrating heterozygosity for
a de novo nonsense variant in MED12
¢.6196C>T (p.(GIn2066*))

detected. Array-CGH (SurePrint G3 Human CGH 4x180K
arrays, Agilent Technologies) of a chorionic villus sample
revealed a normal female karyotype. A subsequent scan at
16+5 weeks additionally identified hypertelorism (inter-
orbital distance of +2SD), microphthalmia, double outlet
right ventricle and a small dorsally displaced gastric ven-
tricle as shown in Figure 1A-E. After genetic counselling,
the pregnancy was terminated at 1746 weeks on parental
request. Fetal autopsy showed a midline facial malforma-
tion with bilateral cleft lip and cleft palate and anterior
displacement of the premaxilla, as well as ventricular sep-
tal defect. Aplasia of the diaphragm caused displacement
of the liver into the thoracic cavity explaining pulmonary
hypoplasia (Figure 1F). The appendix and cecum were
displaced to the left part of the abdominal cavity indicat-
ing partial malrotation of the intestinal tract. The uterus,
ovaries and vagina were not identifiable. Full body X-ray
showed no signs of skeletal abnormalities.

3 | METHODS AND RESULTS
The procedures described in this report involving patient
data are in agreement with the ethical standards of Aarhus
University Hospital, Denmark. Informed consent was ob-
tained prior to all procedures, as well as for publication.
At week 1743, DNA was isolated from cells obtained
by amniocentesis. QF-PCR analysis showed no signs of
maternal contamination. Maternal and paternal DNA
derived from blood was used for trio-exome sequencing.
Fetal, maternal and paternal DNA was sequenced using
NextSeq 500 (Illumina) and NimbleGen MedExome
(Roche) with an average coverage of >94x. The reads were
processed using BWA-MEM 0.7.5a and GATK version 3.6.
Data analysis was conducted at the Department of Clinical
Genetics, Aarhus University Hospital, using VarSeq anal-
ysis software 2.2.2 (Golden Helix) and reference genome
hg19. Variants were filtered based on inheritance patterns
(autosomal dominant de novo, autosomal recessive; ho-
mozygous/compound heterozygous).

The analysis identified heterozygosity for a de novo vari-
ant in MEDI2 NM_005120.3: c.6196C>T (p.(GIn2066%))
(Figure 2). This variant is not in the gnomAD database
(v2.1.1), nor has it previously been associated with disease.
The variant has been uploaded to HGMD 2021.1 as part of
a previous report assessing the clinical utility of fetal ex-
omes.'? As the MED12 variant is predicted to introduce a
premature stop codon into exon 42 of the transcript that
contains 45 exons in total, it is likely that the transcript
has undergone nonsense-mediated decay.’> Combined
Annotation-Dependent Depletion (CADD) assessment of
variant deleteriousness scored the variant to 37, suggest-
ing a pathogenic effect."* A full list of detected variants is
provided in Table S1.

4 | DISCUSSION

To our knowledge, this is the first report of a de novo
MEDI2 nonsense variant in prenatal diagnosis of fetal
anomalies. The identified variant may cause MED12
deficiency, and we suggest that this explains the bilat-
eral cleft lip and palate, micropthalmia, hypertelorism,
cardiac malformations, diaphragm agenesis and intes-
tinal malrotation in the female fetus reported here. The
observed prenatal phenotype is partly overlapping with
the few cases of postnatal MED12-related disorders in
females.>!° Specifically, facial cleft, cardiac anomalies
and intestinal malrotation have previously been observed
in the few postnatal cases of females with Hardikar syn-
drome due to MEDI2 nonsense variants.'® The split face
that has been observed in female mice'" fetuses carrying
a conditional heterozygous Med12 null allele bears strik-
ing resemblance to the facial dysmorphism observed in
this human fetus. However, we did not find any evidence
of exencephaly or spina bifida, which might be explained
by species-specific effects of MED12 deficiency. Also, to
our knowledge, diaphragm agenesis has not previously
been reported in MED12-related disorders, which might
constitute a novel phenotypic marker related to MED12
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deficiency. This phenotypic diversity may alternatively be
related to tissue specific X-inactivation, but has not been
examined here due to nonavailability of fetal tissue.>'°
Further studies of MED12 variants in prenatal diagnostics
are warranted to understand and substantiate our find-
ings, which will be instrumental in genetic counselling of
MED]2-related disorders.
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