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Abstract: A 31-year-old gravida 1 para 0 was referred to our institution following a fetal anatomic survey demonstrating
clubbed feet, flexed wrists, and skin edema. Ultrasound evaluation demonstrated these findings in addition to hemivertebrae,
short long bones, contractures of the elbows, wrists, knees, and ankles with limited movement at the shoulders and hips.
Further, macrocephaly, microphthalmia, low set ears, micrognathia, hepatomegaly, and an omphalocele were noted. Following
termination of the pregnancy, whole exome sequencing ultimately identified compound heterozygous mutations in the NEK9
gene. One mutation in our case, ¢.136G>T, has never been reported; the other, c.1432del, has been reported once. To date,
NEK9 mutations have been documented in three families with all affected individuals diagnosed with arthrogryposis. Our
patient underwent targeted gene variant testing in two subsequent pregnancies, confirming identification of one of the two
familial NEK9 gene mutations each time. Both pregnancies culminated in term deliveries of healthy neonates. This case
illustrates a diagnosis of an extremely rare single gene disorder in the pregnancy of a non-consanguineous German couple,
providing further evidence toward arthrogryposis with other anomalies as a recessive disease associated with NEK9 gene
mutations. Finally, this case demonstrates whole exome sequencing as a valuable adjunct tool for investigating etiology when
multiple fetal anomalies are identified without diagnosis on more standard tests.
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diagnosis, counseling on anticipated outcomes including
reproductive risks, options, and decision-making, may be
Three to five percent of all pregnancies are complicated by ~ limited [4]. Here we describe a case of a rare arthrogryposis
fetal  malformations or genetic  syndromes [1]. §yndr0me caused by mutations in the NEK9 gene. This case
Arthrogryposes are a clinically heterogeneous class of  llustrates an example of a single gene disorder in a
diseases with common features including congenital, usually ~ Previously undescribed population and demonstrates the
non-progressive, joint contractures involving at least two  value of whole exome sequencing as a prenatal diagnostic
different body areas [2]. Arthrogryposes affect approximately tool.
one in 3,000 live births and have varying etiologies including
numerous genetic syndromes with differing inheritance
patterns [3]. Unfortunately, traditional cytogenetic analyses,
including karyotype and microarray, do not yield a diagnosis
in the majority of arthrogryposis cases and oftentimes fail to
rule out single gene disorders, which carry a 25% or higher
risk of recurrence. Multi-gene panel testing is available for
many conditions and anomaly phenotypes including
arthrogryposis, but is not always practical given finite sample
amounts, timelines, and associated costs. Without a specific

1. Introduction

2. Case Presentation

A 3l-year-old gravida 1 para 0 presented for a fetal
anatomic survey at twenty weeks gestation. Ultrasound
imaging revealed suspicion for clubbed feet, flexed wrists,
and skin edema around the fetal abdomen. Providers obtained
cell free fetal DNA, which revealed low risk for trisomies 13,
18, and 21. Maternal serum AFP was elevated at 2.44
multiples of the median (MoM). The patient was
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subsequently referred to our institution at 23 1/7 weeks
gestation for further evaluation. Comprehensive ultrasound
imaging demonstrated bilateral clubbed feet and flexed wrists.
Fixed arm positions, short femurs, hemivertebrae, and trunk
edema were also noted. There were contractures of the ankles,
knees, elbows, and wrists with limited movement at the
shoulders and hips (Figure 1). Hepatomegaly, omphalocele,
macrocephaly, microphthalmia, low set ears, micrognathia,
scalp and skin edema, and a small thorax were noted as well.
Long bone measurements lagged by greater than two weeks.

Figure 1. A three-dimensional antenatal ultrasound image demonstrating
contractures of the ankles, knees, elbows, and wrists.

The couple met with maternal fetal medicine (MFM) as
well as a prenatal genetic counselor. An unremarkable family
pedigree was obtained. Counseling focused on the
implications of the complex anomalies with involvement of
multiple organ systems, possible etiologies with concern for
an underlying genetic cause, and management options. The
unusual constellation of findings raised concern for possible
causes including skeletal dysplasia, arthrogryposis, or a
metabolic disorder. After extensive counseling, the patient
opted for termination of the pregnancy. Prior to termination,
an amniocentesis was performed. Cultured amniocytes were
sent for microarray as well as a lysosomal storage disease
enzyme panel due to the hepatomegaly in the setting of this
unusual constellation of findings.

Pathologic evaluation of the fetus demonstrated marked
arthrogryposis of the upper and lower extremities with
clubbing of the hands and feet and micromelia with short
long bones, as demonstrated in postnatal imaging (Figure 2).
There was bilateral clinodactyly and syndactyly, a short
webbed neck with dysmorphic facial features including low
set ears, microphthalmia, hypertelorism, synophrys, a long
philtrum, depressed nasal bridge, and micrognathia. Short
ribs with a small chest and small hypoplastic lungs were
noted. A skin covered ventral wall defect, measuring 3.5 x
1.8 x 1.2 cm, with liver herniation was present. The liver was
histologically normal. Finally, subcutaneous edema was
noted.

Microarray results revealed a variant of unknown

significance: a 0.12 Mb deletion of 2q23.1, which partially
overlaps the MBD5 gene [5]. 2q23.1 deletion syndrome and
MBDS5 variants are associated with neurodevelopmental
abnormalities and subtle minor dysmorphic features but have
not been reported in association with major structural
anomalies as seen in this fetus [5, 6, 7, 8, 9]. Additionally,
values were within normal limits for sixteen lysosomal
enzymes. After further counseling, as the anomalies were not
explained by this syndrome, whole exome sequencing was
ordered on banked DNA from amniocytes. Two sequence
variants were identified in NEK9 gene. The first, ¢.136G>T
(maternal) was predicted to result in premature protein
termination and had never before been reported. The second,
c.1432del (paternal), was predicted to result in an amino acid
frameshift and termination. This deletion had previously been
observed in one out of 246,000 alleles in a large population
database.

Figure 2. Postnatal imaging demonstrating marked arthrogryposis of the
upper and lower extremities with clubbing of the hands and feet and
micromelia with short long bones.

Following delivery, the patient met in consultation with
genetic counseling and MFM. Exome sequencing results
were discussed and implications for future pregnancies were
reviewed. The patient was informed that while the laboratory
classifies these variants as having uncertain significance,
based on the clinical findings, we presumed that the
compound heterozygous state was pathogenic and disease-
causing. Management options for future pregnancies
included spontaneous conception with a likely 25% risk of
recurrence, in vitro fertilization with transfer of an unaffected
embryo, and alternative modes of parenting. The couple
opted for spontaneous conception.

One year later, the patient presented to our Fetal
Diagnostic Center for evaluation of viability and dating. A
single live intrauterine pregnancy at eight weeks gestation
was identified. After counseling, the patient opted to proceed
with chorionic villus sampling (CVS). CVS was performed at
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11 5/7 weeks gestation and demonstrated a normal 46, XY
karyotype. Targeted gene variant testing confirmed
identification of one of the two familial NEK9 gene
mutations. Fetal survey performed at 19 weeks gestation
demonstrated normal anatomy. Follow up assessment
demonstrated appropriate interval growth. The patient
delivered a vigorous healthy liveborn male at 39 4/7 weeks of
gestation. Two years later after conceiving again, she sought
invasive targeted gene variant testing via CVS which again
confirmed identification of one of the two familial NEK9
gene mutations. After an uncomplicated pregnancy, she
delivered a healthy liveborn male.

3. Discussion

Following termination of the first pregnancy, whole
exome sequencing identified compound heterozygous
mutations in the NEK9 gene. NEK9 encodes a protein
kinase that regulates cell cycle progression [10]. NEK9 gain
of function mutations have been implicated in pathogenesis
of nevus comedonicus, a rare disorder involving
inflammatory acne cysts, and are believed to disrupt normal
follicular differentiation [11]. NEK9 has also been
implicated in the progression of breast cancer and has been
found to regulate spindle assembly and control chromosome
alignment and centrosome separation [12]. NEK9 mutations
have also thought to contribute to ciliary and cell cycle
defects, with loss of function negatively impacting cell
proliferation in multiple cases of lethal skeletal dysplasia
[13]. Both were classified as variants of uncertain
significance given the paucity of information on pathogenic
NEK9 variants. One mutation in our case, ¢.136G>T, has
never been reported; the other, c.1432del, has been reported
once. To date, NEK9 mutations are documented in three
families: a consanguineous Saudi family homozygous for a
missense variant ¢.2042G>A [14, 15], and two
consanguineous Irish Traveler families with multiple
affected individuals homozygous for a nonsense variant
c.1489C>T [13]. All affected patients had arthrogryposis.
Arthrogryposis, Perthes disease, subtle facial deformities,
and an upward gaze palsy was noted in the Saudi patient
homozygous for the ¢.2042G>A variant. The Irish Traveler
pregnancy phenotypes closely mirrored our case with fetal
akinesia, contractures, short long bones, rib anomalies,
pulmonary hypoplasia, and protruding abdomens in
multiple fetuses from the two families.

Arthrogryposis is a broad descriptive diagnosis for which
it is challenging to ascertain etiology in a prenatal setting.
Standard tests such as microarray often fail to yield a
diagnosis in these cases. Homozygous variants in the NEK9
gene have been associated with the phenotype of
arthrogryposis with multiple other anomalies. Identification
of these compound heterozygous NEK9 variants in this
affected pregnancy raises suspicion of a causative
relationship for an autosomal recessive syndrome, which
would be associated with 25% recurrence risk. The
subsequent pregnancy for this couple was identified to have

one parental variant (c.136G>T) and normal fetal anatomy
ultrasound at 19 weeks gestation. This report highlights the
importance of using whole exome sequencing for
investigating the etiology of multiple fetal anomalies in cases
without a causative diagnosis.

4. Conclusion

This case illustrates a diagnosis of an extremely rare
single gene disorder in the pregnancy of a non-
consanguineous German couple. To our knowledge, this is
the first case reported outside of Saudi and Irish Traveler
populations. This provides further evidence toward
arthrogryposis with other anomalies as a recessive disease
associated with NEK9 gene mutations. Furthermore, this
case demonstrates whole exome sequencing as a valuable
adjunct tool for investigating etiology when multiple fetal
anomalies are identified without diagnosis on more standard
tests such as microarray. This information allowed
comprehensive counseling for this couple regarding
diagnosis, recurrence risk, and future reproductive options.
Further, this permitted for targeted analysis at her
subsequent pregnancies, providing reassuring information
regarding an unaffected pregnancy.
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