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ABSTRACT

Mandibulofacial dysostosis with microcephaly (MFDM) is a rare gene deletion syndrome caused by a heterozygous
pathogenic variant or deletion in the EFTUDZ2 gene. Typical features described in affected patients include developmental
delay, microcephaly, micrognathia, malar hypoplasia, esophageal atresia and congenital heart disease, among others.
We report a case that was diagnosed in a fetus at 34 weeks of pregnancy. Obstetric ultrasounds performed in a 42-year-
old patient revealed multiple anomalies suggestive of a genetic disorder from the first weeks of the second trimester, but
prenatal genetic tests (quantitative fluorescent polymerase chain reaction, karyotype and microarray) were normal. Se-
quencing of a prenatal exome from a sample obtained by amniocentesis revealed the c.746_168del variant in EFTUD2, a
finding compatible with MFDM. After receiving a post-test genetic counseling session, the patient requested termination
of the pregnancy. In addition to describing this case, we review current literature regarding prenatal exome sequencing.
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Introduction

Mandibulofacial dysostosis with microcephaly (MFDM,
OMIM 610536) is a multiple malformation syndrome caused by
a heterozygous pathogenic variant or deletion in the EFTUD2
gene, located on the large arm of chromosome 17 (17q21.31).
MFDM is inherited in an autosomal dominant manner. It has
high penetrance with variable expressivity. Although most of
the described variants are de novo, familial recurrence has
been described secondary to germline mosaicism or inheritance
from a parent with a milder phenotype "l

MFDM is characterized by a wide range of clinical find-
ings. Highly penetrant features include developmental delay
or intellectual disability, microcephaly, micrognathia, malar
hypoplasia, small or dysplastic pinnae, facial asymmetry and
hearing loss (typically conductive, but occasionally sensori-
neural or mixed). Less frequent manifestations, but clinically
useful, are preauricular tags, auditory canal atresia or stenosis,
esophageal atresia or stenosis, congenital heart disease, thumb
abnormalities and choanal atresia or stenosis. Other anomalies,
less frequently associated with this syndrome, are: renal anom-
alies, cryptorchidism and/or small scrotum, central nervous
system abnormalities, spine anomalies, strabismus, epibulbar
dermoid, branchial cleft and/or remnant, laryngeal cleft, mid-
line mandibular defect and gastric malrotation. The diagnosis is
suspected in individuals that meet clinical criteria, and is con-
firmed by the identification of a pathogenic variant or deletion
in EFTUD214,

MFDM is a pan-ethnic disorder with no recognized racial
or ethnic predisposition. More than 100 cases have been report-
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ed to date in various ethnic groups, but its exact prevalence has
not been established 11!, Thus far, we are not aware that any
case has been diagnosed prenatally 1.

Our study reports the first prenatal case of MFDM diag-
nosed at 34 gestational weeks. We describe the ultrasound find-
ings and the protocol followed in our clinical center to achieve
the diagnosis.

Case report

During a routine, annual gynecological checkup at our Ob-
stetrics, Gynecology and Reproductive Medicine Department
at the Hospital Universitari Dexeus, Barcelona, a 42-year-old
woman expressed her desire to become pregnant. She was re-
ferred to the Assisted Reproduction Unit for complementary
tests and discussion of her reproductive options. At the time
of consultation, the patient did not have a partner or previous
sexual intercourse. In addition, the patient had a low ovarian
reserve. Taking all these facts into account, double gamete do-
nation or embryo donation were offered. After medical coun-
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seling, the patient opted for embryo donation. Preparation and
transfer were performed without incident.

The patient did not have any relevant previous medical or
surgical history. The first trimester of pregnancy was unevent-
ful. Screening tests both for chromosomal abnormalities and
for preeclampsia indicated low risk. At the beginning of the
second trimester, she was diagnosed with gestational diabetes.

Morphological ultrasound performed at 21.3 weeks’ gesta-
tion revealed a slightly dilated umbilical vein, so a fetal echo-
cardiogram was indicated. In addition, the stomach appeared
poorly filled. Echocardiogram confirmed dilatation of the intra-
hepatic portion of the umbilical vein. The remaining fetal ves-
sels seemed to be structurally and functionally normal (Fig. 1).

Ultrasound at 27.0 weeks’ gestation showed an estimated
fetal weight (EFW) at the 10th percentile (907g) and an amni-
otic fluid index (AFI) above normal values (35 cm). The umbil-

Prenatal exome sequencing in a fetus with multiple anomalies

ical vein and the stomach remained stable (Fig. 2).

Due to the ultrasound findings, maternal serologies for
toxoplasma, rubella, cytomegalovirus (CMV), herpes sim-
plex, parvovirus B19, Epstein-Barr and varicella zoster were
requested. An amniocentesis was performed for genetic test-
ing as well as an amnio drainage of 1700cc, leaving a residual
AFI of 18 cm. All maternal serologies were negative except for
positive IgM and IgG CMYV antibodies with high IgG avidity.
As regards genetic tests, quantitative fluorescent polymerase
chain reaction, karyotype and microarray comparative genomic
hybridization were normal.

Our Maternal-Fetal Medicine Committee (MFMC) recom-
mended periodic obstetric ultrasound evaluations. At the 30.1-
week ultrasound, novel dysmorphic features were observed:
retrognathia, anteverted nostrils and dysplastic ears. Small
stomach bubble associated with polyhydramnios suggested a

Figure 1 Fetal echocardiogram performed at 24.3 weeks’ gestation. Dilatation of the intrahepatic portion of the umbilical
vein. A: Maximum expansion diameter: 7.5mm. B: Slight narrowing (2.2mm) detected C: Acceleration of the flow to 50mmHg
through the narrowing.

Figure 2 Ultrasound performed at 27.0 weeks’ gestation. A: Umbilical vein: stable. B: Stomach: stable. C: AFI: 35 cm. AFI:

amniotic fluid index.
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possible esophageal atresia. The EFW was at the 2™ percentile
and the umbilical vein remained unchanged (Fig. 3).

Given that the prenatal genetic tests performed had failed to
determine a diagnosis in a fetus with multiple anomalies sug-
gestive of a genetic disorder, the MFMC agreed to offer the
patient additional genetic testing by means of prenatal exome
sequencing (ES). After an exhaustive genetic counseling ses-
sion by a well-trained genetic counselor, the patient decided
to perform the study. Fetal DNA was obtained from the am-
niocentesis previously performed. A fetal MRI examination
was also performed to complete an exhaustive morphological
evaluation of the fetus. MRI confirmed the ultrasound findings
(esophageal atresia — as suggested by the small stomach bubble
and polyhydramnios —, retrognathia and choanal atresia).

At 34.1 weeks, amnio drainage was performed to alleviate
maternal symptoms caused by polyhydramnios (3000cc of am-
niotic fluid was removed). A few hours later, the patient started
experiencing painful uterine contractions. Her cervical length
was 33 mm. Although she had an immediate response to toco-
lytics, she required hospital admission for two days.

During her hospital stay, the result of the prenatal ES was
obtained. The ¢./46_168del variant in the EFTUD2 gene was
found, compatible with MFDM (OMIM 610536). The vari-
ant was confirmed with Sanger sequencing. After receiving a
post-test genetic counseling session in which the results were
explained in detail, the patient requested termination of the
pregnancy. A late termination of pregnancy was approved by
an external committee.

Figure 3 A, B, C and D: Dysmorphic features (retrognathia, anteverted nostrils and dysplastic ears). E: Small stomach bubble
and dilatation of the umbilical vein. F: Polyhydramnios.
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Fetal autopsy (Fig. 4) revealed mandibular malformation
with micrognathia, malar hypoplasia, small nose and facial
asymmetry, esophageal atresia with distal tracheoesophageal
fistula (type III or C) and aberrant right subclavian artery (not
seen prenatally). Morphological alterations of the ears were not
observed and the nostrils were permeable.

Prenatal exome sequencing in a fetus with multiple anomalies

For the purpose of studying the inheritance of the variant,
it was decided to contact the couple who had donated the em-
bryo. They had performed a cycle of IVF with oocyte donation
and had donated six embryos for reproductive use (Fig. 5). The
outcomes of the embryo donation are shown in figure 5.

After obtaining informed consent, Sanger sequencing of

Figure 4 Fetal autopsy. A, B, C: Mandibular malformation with micrognathia and retrognathia, malar hypoplasia, small nose
and facial asymmetry. D: Esophageal atresia.

Figure 5 In this scheme, we can see the origin of the embryo that was transferred to our patient. Parents are surrounded by
red. Other embryos from the same parents that were given to other women are also shown.
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variant ¢./46_168del in EFTUD2 was performed in the male
partner (DNA obtained from peripheral blood), confirming ab-
sence of the variant.

We also tried to contact the oocyte donor to study the inher-
itance of the variant, but we could not reach her. One of the six
embryos donated for reproductive use resulted in a healthy girl.
We did not contact this family, since the variant in the EFTUD?2
gene seems to be de novo.

The patient is currently undergoing a new cycle of assisted
reproduction. This time, with double gamete donation.

Discussion

Ultrasound-detected fetal sonographic abnormalities are
identified in 2-3% of pregnancies. In these cases, an invasive
test (amniocentesis vs chorionic villus sampling) to study ge-
netic anomalies (karyotype and microarray) is routinely offered
nowadays "I,

An underlying genetic etiology can be identified in up 40%
of dysmorphic fetuses when using these tests in combination,
still leaving most of cases undiagnosed . This is a common
scenario, where the information is limited to ultrasound find-
ings alone. Counseling these families is very challenging due
to the broad differential diagnosis and large range of prognoses
and expectations "2,

Genome sequencing (GS) and ES are technologies that in-
terrogate the genome at a nucleotide level. GS involves assess-
ing both the coding and the non-coding regions of the genome;
however, it is difficult to achieve complete sequencing of the
genome due to difficulty of sequencing and analysis in certain
regions. ES is limited to the protein-coding regions of more
than 20,000 genes, comprising about 1-2% of the total genome,
where >85% of disease-causing genetic variants are located
(131, Although GS may be more informative due to its scope, it
requires greater data analytics and is not routinely utilized in
clinical testing at this time. By contrast, ES is a current option
for the evaluation of fetuses with structural anomalies. Its uti-
lization is increasing in prenatal care, especially during the last
five years'*,

Diagnostic rates of prenatal ES range from 6.2 to 80% in
published articles 2. The diagnostic rate is dependent on the
indication for ES and varies based on multiple factors includ-
ing the following: single vs multiple organ system affected,
specific organ system affected, and proband vs trio sequenc-
ing ™. The lowest reported rate was obtained when performing
ES on all fetuses with any anomaly visualized on ultrasound
(221 while the highest rates were in small studies with carefully
chosen cases '8,

The American College of Medical Genetics and Genom-
ics recommends that ES should be considered when specific
genetic tests for a phenotype fail to determine a diagnosis in a
fetus with multiple anomalies suggestive of a genetic disorder
(24, However, ES is not currently able to reliably detect all types
of genetic variation such as copy number changes, low-level
mosaicism, aneuploidy, structural chromosome rearrangements
or trinucleotide repeat expansions, and it cannot detect variants
in non-coding regions.
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Therefore, conventional testing options such as microar-
rays should still be considered before or in parallel to prenatal
ES 3,

In our case, obstetric ultrasounds performed in the second
trimester of pregnancy revealed dysmorphic features including
retrognathia, anteverted nostrils and dysplastic ears, as well as
indirect signs suggesting esophageal atresia. It was only after
the QF-PCR, karyotype and microarray returned normal results
that the MEMC agreed to offer the patient prenatal exome se-
quencing.

The analysis of ES data is phenotype driven, and is easier
to ascertain in the adult or pediatric setting than in the prenatal
setting. Given that assessment of the fetal phenotype is indi-
rect, prenatal ES analysis could be limited to the reporting of
variants in genes associated with the ultrasound findings .
This can be done through a database called Human Phenotype
Ontology. For example, in our case, out of a total of 25,000
genes contained in the genome, only 2,500 were studied.

It is important to underline the importance of trio ES: if a
variant is found, the parents should be located to study the in-
heritance. In this way, we will know if the variant had appeared
de novo or shows familial recurrence; this aspect is especially
important in cases where assisted reproduction has been per-
formed 3.

Conclusions

The outcomes of prenatal ES can have various implica-
tions in different areas. To begin with, it requires significant
counseling with regard to reproductive decision-making. If the
pregnancy is continued, a specific diagnosis can inform pedia-
tricians about the management or possible treatments that may
be offered postnatally.

It may also reduce hospital costs by decreasing the number
of tests performed postnatally, thereby avoiding the “diagnostic
odyssey” and potentially decreasing the length of the hospital
stay. In addition, a positive result can have implications for oth-
er family members and/or for future pregnancies. For example,
in a subsequent pregnancy, preimplantation genetic diagnosis
could be performed.

Furthermore, understanding the genetic etiology can also
provide closure for the family and help with the grieving pro-
cess in the case of fetal or neonatal loss. Finally, the use of
prenatal ES has the ability to expand phenotypes to the prenatal
period and increase our understanding of genes that may be
critical to human development '),

This technology, offered in the prenatal setting, comes with
many challenges, including practical, ethical and economic is-
sues . An ethical dilemma inherent in genetic testing is ensur-
ing that genetic information remains confidential. This is con-
founded by the importance of data sharing in the understanding
and classification of variants ). Therefore, before ES possibly
becomes part of routine prenatal testing, further research is
required to improve the evidence base of what is technically
possible and what is clinically beneficial. What is clear is that
implementation must be accompanied by expert genetic coun-
seling that will be required both before and after testing '),
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