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ABSTRACT

Five percent of fetuses presents increased fetal nuchal translucency. It is a well-known marker for aneuploidy (T21, Turner syn-
drome) and a variety of monogenic syndromes such as Noonan syndrome and certain skeletal dysplasias, as well as associated
with structural malformations such as congenital heart disease. Current diagnostic algorithms for increased nuchal translucency
include a rapid test for aneuploidy (fluorescence in situ hybridization, FISH, or quantitative PCR), a cytogenetic analysis (karyo-
type or chromosomal microarray, CMA) followed by or concurrent with targeted gene panel analysis for RASopathies/Noonan
syndrome. Some centers now propose whole exome sequencing as an adjunct, but its usefulness in isolated increased nuchal
translucency remains debated. We describe the recurrence of apparently isolated increased nuchal translucency in 2 euploid
fetuses. Whole genome sequencing identified two compound heterozygous variants in the NUP107 gene in both fetuses. Biallelic
variants in NUPI07 are responsible for severe steroid-resistant nephrotic syndrome, either isolated or syndromic (Galloway-
Mowat syndrome); in addition to the renal phenotype, the latter also includes intellectual deficiency and dysmorphic features.
Pregnancy termination made it impossible to assess whether the NUP107 variants found would have resulted in isolated or
syndromic steroid-resistant nephrotic syndrome. However, identifying the responsible gene improved the accuracy of the genetic
counseling. This family is an example of the added benefit of introducing WES/WGS in standardized protocols for prenatal diag-
nosis of euploid fetuses in “isolated” increased nuchal translucency.

1 | Introduction It occurs per definition in about 5% of fetuses (Shakoor

et al. 2017). Increased NT is associated with a large number

Fetal nuchal translucency (NT) is commonly used to screen
for fetal abnormalities in early pregnancy. According to the
Fetal Medicine Foundation, increased NT is defined as a
subcutaneous fluid accumulation in the posterior neck of
the fetus above the 95th centile for the crown-rump length.

of diagnoses ranging from isolated malformations to a variety
of genetic syndromes, including Noonan syndrome (Sinajon
et al. 2020), skeletal dysplasias (Clementschitsch et al. 2003;
Ngo et al. 2007) and neurodevelopmental disorders (Roozbeh,
Azizi, and Darvish 2017).
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Invasive prenatal testing is proposed for fetuses with NT values
above 2.5mm. Rapid screening for chromosomal aneuploidy (13,
18,21, X, and Y), chromosomal microarray (CMA), and sequenc-
ing of the genes involved in Noonan syndrome and RASopathies
are routinely performed. CM A detects an additional 5% of patho-
genic copy number variants (CNV) than karyotyping (Grande
et al. 2015; Wapner et al. 2012), and targeted gene analysis fur-
ther increases the diagnostic yield by 1.4%-2.9% (Mastromoro
et al. 2022; Sinajon et al. 2020).

Studies evaluating the utility of adding whole exome sequencing
(WES) and/or whole genome sequencing (WGS) to the diagnostic
algorithm suggested an additional diagnostic yield ranging from
3.2% to 21% for WES/WGS (Drury et al. 2015; Lord et al. 2019) in
CMA negative samples. However, the diagnostic yield of prenatal
WES is low for fetuses with isolated increased NT (1.8%) but sig-
nificantly higher when there are also structural anomalies (26%)
(Mellis et al. 2022). The diagnostic yields of chromosomal anal-
ysis and WES/WGS increased with NT thickness (Ji et al. 2023;
Zhou et al. 2023). In fetuses with negative standard karyotype
and CMA analysis, WES analysis yielded 44.70% when NT
thickness was between 3.0 and 5.5mm and 55.3% when NT was
higher than 5.5mm (Di Girolamo et al. 2023).

Thus, a nuchal translucency thickness greater than 2.5mm is as-
sociated with a 3.3-fold increased risk of adverse fetal outcomes
(Reischer et al. 2022). Noteworthy, the adverse fetal outcome rate
did not increase further with increasing NT thickness greater than
2.5mm (Reischer et al. 2022). Despite extensive research, the eti-
ology of non-immune hydrops fetalis may remain unknown in up
to 16.4%-19.8% of cases (Bellini et al. 2015; Reischer et al. 2022).

We report a case of recurrence of isolated increased NT in two
euploid fetuses diagnosed by WGS. Although limited to one
family, this study is an example of the significant contribution of

WES/WGS in prenatal diagnosis. It highlights the need for stan-
dardized protocols for applying these techniques in the prenatal
diagnostic workflow.

Consequently, there is less traumatic termination of pregnancy
for those couples who choose this option.

2 | Clinical Report

A 34-year-old woman (G3P0) was referred for genetic evaluation
due to a recurrence of increased nuchal translucency in two fe-
tuses. The couple were healthy and unrelated. The first preg-
nancy was a blighted ovum. During the second pregnancy, the
first-trimester ultrasound (12 + 5/7 SA) showed an increased NT
at 4.6mm associated with subcutaneous thoracic and abdomi-
nal edema (fetal hydrops). FISH for chromosomal aneuploidy
(13, 18, 21, X, and Y) and CMA, performed on chorionic villus
sampling, yielded normal results. Pregnancy interruption took
place at 12+ 5/7weeks of pregnancy by suction curettage. The
histology analysis of the curettage material showed hydropic
chorionic villi and normal fetal tissues.

The first-trimester ultrasound of the third pregnancy showed an
NT at 8.7mm at 12+ 2/7 SA. Pregnancy termination was per-
formed at 16 SA. The fetal autopsy showed a female fetus with a
collapsed hygroma colli, low implanted ears, and 11 pairs of ribs;
no visceral or cerebral malformations were observed (Figure 1).
Fetal biometry was normal (length at P50-P60). The placenta
was small (P5) with some trophoblastic pseudo-inclusions.
Parvovirus immunohistochemistry was negative. FISH for an-
euploidies and CMA were normal. Because of the recurrence of
increased nuchal translucency, a genetic etiology was suspected,
and a whole genome was performed. Informed consent was ob-
tained from the parents.

FIGURE1 | Fetal autopsy of fetus 2 showing markedly low-set ears.
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3 | Materials and Methods

Whole Genome sequencing was performed for both fetuses.
Genomic DNA was extracted from the chorionic cells for fetus
1 and skin fibroblasts for fetus 2 and sequenced on an Illumina
Nova-Seq instrument by Novogene, UK. We used Novoalign
software (V3.08.00, Novocraft Technologies) to map the raw
reads to the human reference genome (hgl9/GRCh37), and
Picard (version 2.14.0-SNAPSHOT) was used to remove du-
plicate reads. Single nucleotide variants and small inser-
tions and deletions (indels) were detected using the Genome
Analysis Tool Kit (GATK v4.0) software package, following
the Best Practice Guidelines (DePristo et al. 2011). Copy num-
ber variants and larger structural variants were detected using
Parliament2 (Zarate et al. 2020) and merged using Survivor
(Jeffares et al. 2017). All the SNVs and indels were anno-
tated with ANNOVAR (Wang, Li, and Hakonarson 2010) in
combination with in-house scripts and databases. AnnotSV
(Geoffroy et al. 2018) was used to annotate structural variant
calls. Variant annotation was verified using VariantValidator
(Freeman et al. 2018). Sanger sequencing was used for variant
confirmation and segregation analysis.

4 | Results

WGS identified compound heterozygous missense variants in
NUP107 (Nucleoporin 107kd, OMIM *607617) in both fetuses.
Both variants were unreported; the variant ¢.440G>C; p.Gly-
147Ala in exon 5 was classified as likely pathogenic, and the
variant ¢.827 T>C; p.Ile276Thr in exon 10 was classified as a

a b

O

CTTCTRCAGGA

TGGCARTACTC

c.[827T>C];[=]
p.(I1276T)

c.[440G>C];[=]
p.(G147A)

.

CTTCTRCAGGA

und)

c.[827T>C];[=]/ c.[440G>C];[=]

TGGCARTACTC

p.(1276T) p.(G147A)

R. norvegicus 134

X. tropicalis 1¢1
D. melanogaster 45

variant of uncertain significance (VUS) according to inter-
national guidelines (ACMG) (Figure 2a). Both variants arose
in highly conserved amino acids (Figure 2b) and are damag-
ing according to five prediction programs (SIFT, Polyphen,
CADD, VEST4 and Mutation Taster). We found two hetero-
zygous carriers of the variant p.Ile276Thr in the Genome
Aggregation Database (gnomAD). In contrast, we did not
observe the variant p.Glyl47Ala in gnomAD nor any other
internal or external databases of patients or controls. We did
not identify any other pathogenic or likely pathogenic SN'Vs or
CNVs. Table 1 summarizes the frequencies of these two vari-
ants reported in the genetic databases and their pathogenicity
according to several prediction programs. The parental DNA
study confirmed that the two variants identified in the two
fetuses are in different alleles (trans); the variant in exon 5
was inherited from the mother, and the variant in exon 10 was
inherited from the father (Figure 2a). Table S1 summarizes
the rare genetic variants shared by the two affected fetuses.
Following the genetic results, the histology of the kidneys of
foetus 2 was reevaluated. Kidneys were normal and did not
reveal any sign of glomerulosclerosis.

Considering the segregation analysis (trans configuration),
the co-segregation with the disease in the two affected fe-
tuses, and the lack of alternative explanation, it was highly
suggested that both NUP107 variants likely contributed to
both fetuses' phenotypes. However, further studies should be
performed to validate the pathogenicity of the two variants in
NUPI107 observed in our family. One possible approach is the
use of CRISPR/Cas9 editing technology to test the viability of
the variants in a homozygous state (Paquet et al. 2016).
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FIGURE 2 | (a) Pedigree of the family. Both fetuses carried two compound heterozygotes pathogenic variants in NUP107 (NM_020401.4;
¢.440G>C; p.G147A in exon 5 and c.827T>C; p.I276T in exon 10) while their parents are simple heterozygotes with no clinical manifestations

(carriers). (b) Both missense variants affect strongly conserved amino acids in NUP107 orthologs.
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Pathogenicity prediction of the two NUP107 variants found in the two affected fetuses using bioinformatics tools.

TABLE 1

Vest4 Mutscore

MutationTaster

GnomAD_V4 SIFT Polyphen CADD

ClinVar

AAChange ProtChange ID

GeneName

0.305

0.74

Deleterious

239

0.99

Deleterious

151592504030

p.Glyl47Ala

c.440G>C

NUP107

0.203

Deleterious 0.73

23.5

Deleterious 0.95

0.000003197

11592504030

p-Ile276Thr

c.827T>C

NUP107

5 | Discussion

The diagnostic algorithm's first step in a fetus with increased
nuchal translucency is a rapid aneuploidy test. However, once
this has been excluded, the direction and extent of subsequent
investigations vary from center to center. There are no univer-
sally accepted protocols concerning further analysis in euploid
fetuses with apparently isolated increased NT. Often, a detailed
ultrasound is proposed to search for cardiac malformations and/
or sequencing of a RASopathy gene panel.

We describe a couple with isolated increased NT in two sub-
sequent pregnancies where WGS analysis identified bial-
lelic pathogenic variants in NUP107 in both affected fetuses.
Pathogenic variants in NUPI107 have been associated with a
severe steroid-resistant nephrotic syndrome (Braun et al. 2018;
Park et al. 2017) with a median age of end-stage renal disease at
58.9months (Park et al. 2017). Although increased nuchal trans-
lucency seems to be a common presentation of congenital or
infantile nephrotic syndrome (Dorval, Servais, and Boyer 2020;
Souka et al. 2002), it has not been previously described for
NUPI107 pathogenic variants.

Biallelic NUP107 pathogenic variants have also been reported
in patients with the Galloway-Mowat syndrome, which is a ge-
netically heterogenous condition caused by mutations in one
of these seven genes: OSGEP (Domingo-Gallego et al. 2019;
Lin et al. 2018), WDR73 (Colin et al. 2014; El Younsi
et al. 2019; Rosti et al. 2016), NUP107 (Rosti et al. 2017) and
four genes coding for subunits of Kinase, Endopeptidase and
Other Proteins of small Size (KEOPS) (Braun et al. 2017). A
few cases of Galloway-Mowat syndrome have already been
described with a thickened nuchal fold (Horton, Smith, and
Strauss 2009) (Choy et al. 2010). Horton et al. even sug-
gested that a thickened nuchal fold should be considered a
sonographic marker for Galloway-Mowat syndrome (Horton,
Smith, and Strauss 2009).

Galloway-Mowat syndrome (OMIM*618348) is a pleiotropic
autosomal recessive disorder associated with global develop-
mental delay, progressive microcephaly, early-onset steroid-
resistant nephrotic syndrome, and dysmorphic features,
including microcephaly, bitemporal narrowing, sloping fore-
head, low set ears, and micrognathia. Although most patients
reported in the literature have been diagnosed postnatally,
prenatal findings include late-onset intrauterine growth re-
tardation, oligohydramnios, microcephaly, and micrognathia,
which usually appear in the second or third trimester of
pregnancy (22-32weeks) (Chen et al. 2005; Chen et al. 2006;
Horton, Smith, and Strauss 2009; Kang et al. 2005). Despite
some minor dysmorphic features in fetus 2, we were unable
to assess if the NUP107 variants found would have resulted in
an isolated or syndromic form of steroid-resistant nephrotic
syndrome.

This article raises questions on the importance of WES/WGS
versus targeted gene panel analysis in prenatal diagnosis of eu-
ploid fetuses with increased NT. Should it be generally recom-
mended? It is challenging to conclude reports of single families,
and indeed, the addition of this diagnostic test may not increase
largely the diagnostic yield. However, given the importance and
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time-sensitive nature of decision-making during pregnancy, we
would argue that any improvement in diagnostic yield is signif-
icant. The time may have come to systematically offer WES/
WGS as an integral part of the diagnostic algorithm in the pre-
natal setting.
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