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1 | INTRODUCTION
Acrofacial dysostoses (AFDs) are a clinically heterogeneous
group of disorders. Two major groups have been distin-
guished using postnatal clinical features, dependant on the
type of limb defect: predominant preaxial defects (including
Nager syndrome) and postaxial malformations (including
Genee-Wiedemann or Miller syndromes).l’2 Preaxial abnor-
malities are caused by abnormal development of the first and
second branchial arches and limb buds.’

Nager syndrome (NS), first described by Nager and de
Reyenie in 1948 (MIM #154400), is the most common form
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Nager syndrome is a rare, complex malformation syndrome, for which there is lim-
ited information on prenatal genetic testing. Clinical diagnosis of Nager syndrome,
which can be caused by deletions encompassing SF3B4 gene, is possible prenatally.
Prenatal chromosomal microarray can aid genotype-phenotype correlation in preg-

nancies with structural abnormalities seen on ultrasound.

microarrays, Nager syndrome, prenatal diagnosis, SF3B4 gene

of AFD (also called mandibulofacial dysostosis or acrofacial
dysostosis type 1; AFD1). It is a rare, complex malformation
syndrome, characterized by craniofacial findings (microg-
nathia, cleft palate, ear anomalies) and limb malformations
(hypoplasia or absent thumbs, radioulnar dysostosis, short
forearm).*> Other clinical features in childhood may include
short stature, renal or cardiac anomalies, and costovertebral
defects.’

There are less than 100 reported cases of NS, only 10 of
which have been suspected plrenatally.l""7

Several probands have been diagnosed in the second or third
trimester using a detailed ultrasound assessment often with
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suspected hypoplasia of the mandible and facial anomalies such
as micrognathia and midface retrusion. In addition, limb anom-
alies have been described. In cases which have been diagnosed
postnatally, micrognathia with associated airway obstruction
may be severe enough to require tracheostomy in early child-
hood and approximately 1:5 affected children die in the newborn
period.f"8 Developmental morbidity may be variably present.9

Although mostly sporadic, both autosomal dominant and
recessive inheritance of NS have been reported, suggesting
genetic heterogeneity of this condition.>® Heterozygous mu-
tations in the SF3B4 gene (1q21.2) cause clinical NS in ap-
proximately 56% of cases,® and 32 distinct SF3B4 mutations
have been identified (in 38 unrelated patients). This includes
5 prenatally suspected cases diagnosed using ultrasound, with
subsequent genetic confirmation after birth or at termination
of pregnancy (TOP). All reported mutations are predicted to
cause loss of function of SF3B4. Whole-gene deletion has
also been associated with NS.”

SF3B4 (OMIM *605593, Splicing Factor 3B, Subunit 4)
has been mapped to chromosome 1. It encodes SAP49, a spli-
ceosome-associated protein, belonging to the group of seven
proteins in the mammalian SF3B complex. SAP49 plays a key
role in RNA splicing by binding to the pre-mRNA and inter-
acting with other U2 snRNPs which results in tethering the U2
snRNP to the branch site.® In addition, SAP49 is linked with
bone morphogenic protein (BMP) signaling. This pathway is
involved in early embryogenesis and skeletal development, and
it has been demonstrated that SAP49 specifically inhibits BMP-
mediated osteochondral cell differentiation. In mouse embryos,
SF3B4 is expressed at a high level in forelimbs, hind limbs, and
somites during early stages suggesting its involvement in skel-
etal development. SF3B4 displays a dynamic pattern of expres-
sion in the developing heart as well.?

2 | CASE STUDY

A 21-year-old Caucasian woman, with a previous first-trimes-
ter miscarriage, was referred to the Fetal Medicine Centre for
her current pregnancy because of an increased first-trimester
combined screening risk (risk of trisomy 21/trisomy 18 and
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Comparison of current case with the case reported by Lund et al, 2016. UCSC genome browser on Human Feb. 2009 (GRCh37/

13 at 1:5) and an enlarged nuchal translucency of 4.5mm at
12 weeks and 5 days gestation (based on fetal crown-rump
length). The patient had a body mass index of 23, and there
was no reported consanguinity.

At 13 weeks and 1 day, a detailed transabdominal ultra-
sound scan (USS) was performed. This demonstrated a via-
ble singleton pregnancy and confirmed an increased nuchal
translucency measurement greater than the 99% confidence
interval for crown-rump length (CRL). The fetal legs were
abnormally extended bilaterally with measured femoral, tib-
ial, and fibular lengths of less than the 5th centile for gesta-
tion. There were also severe bilateral talipes equinovarus and
an abnormal-shaped fetal skull (“strawberry” appearance).

The patient was initially reluctant to undergo prenatal test-
ing by chorionic villus sampling due to her previous miscar-
riage. However at 15 weeks, gestation gave consent for an
amniocentesis. At this time, a further detailed USS was per-
formed again noting that the bones of the lower limbs were
significantly foreshortened with associated leg “fixed” exten-
sion of the knees and severe bilateral talipes. Again, the fetal
skull was noted to be of an abnormal shape. The four-cham-
ber view and outflow tracts appeared normal.

An uncomplicated amniocentesis was performed and
20 mL of clear amniotic fluid sent for quantitative fluores-
cent PCR (QF-PCR) and chromosomal microarray analysis.
Parental blood samples were also taken.

QF-PCR demonstrated no evidence of trisomy 13, 18, or
21 and no evidence of sex chromosome aneuploidy.

Chromosomal microarray analysis (CMA) was per-
formed using the BlueGnome 8x60k v2.0 ISCA platform.
Test DNA was referenced against same-sex control DNA,
and data were analyzed in BlueFuse Multi v4.1. The anal-
ysis revealed a male profile with a de novo deletion of ap-
proximately 565kb at chromosome 1g21.2 (arr [hg19] 1q21.2
(149821840_150386661) x1 dn). The region of imbalance in-
cluded 21 protein-coding genes, including SF3B4 (Figure 1).
None of the other genes are currently associated with the pre-
senting clinical features, although notably 4 genes (ANP32E,
PLEKHOI, PRPF3, and RPRD?2) have pLlI scores (indicating
that a gene is intolerant to a loss of function (LoF) muta-
tion) higher than 0.9, suggesting haploinsufficiency for these
genes may not be tolerated. 10



DROZNIEWSKA ET AL.

510 .
_I_Wl LEY_Cllnlcal Case Reports N

dOL

D <VId:pdedS
anssn 3unj JJAd

VDS [e19U90)
psz— g uIm
pST— :] UM,
+

+

@

NLED

janbuesg-jresuy

dOoL
Ddnpp9p12

Ydeds
O0d

pPS[+

8¢
Je 1013

uI0q QAT
V <DI-¥91"

Ydeds

SISA)URIOTUW Y/

[eUWLION

(44

oI€ 12 UOSIOYIIA

dOL
D <VT-6eD

Ydeds
J0d

VIN

C

(1B 39 10jse)

‘uoneysin3dar prdsnorn Y, ‘Koueudaid Jo uoneurud) ‘JOJ, (93e [euone)sas Joj [[BWS ‘YOS ‘UOHRIAID
prepuess ‘ps uondeduod jo syonpoid ‘DO fwerounsod A ‘Aouson[suer) [eyonu ‘LN o[qeoridde jou ‘y/N (O[OIUA 1JI] ‘AT 20UIJWINIID peay ‘DM oSk [euone)ses ‘0 ‘Suridwes sny[Ia STUOLIOYD ‘SA D SUOTIRIARIQQY

dOL dOL
up 1X
(0€LSTOST ¥L9TS86¥1)TTIPT up 1X(19998€0ST 0¥81786+1)T 1¢h1
[613y]are [615y]xre
SAD SISQJUQIOTUI Y
+
[BULION [EUWLION
(Y.L pue snooj oruasoyod A) +
+ +
+ +
+
+
+ +
+
4! I+¢€l
(&30 puny JSED JUdLINY)

A1snotaaid parrodar sased pue 9sed JUALIND Ul S[IIOP J1ouds pue [edrul]d jo uostredwo))

wonQ

A[ewoue [eWOSOWOIYD
Jo/pue uoneINwW $g¢gS
ordureg
adeys peay [ewrouqy

OH

K[ewoue deIpIe))
eruroy onewsenyderq
$ou0q SUO[ USMIOYSAIO,]
B[NqIJussqy.

19947100} qu[)

SKelr,,
yjoq :sarewoue quiry roddn

soI[ewoue
quuiy Joddn [erxearq

J[qrpuer
onseidodAy enyeusorony

LN paSterug

SQINIB9J punosenn)

(s)m) stsougerp je yO

T HT1dV.L



DROZNIEWSKA ET AL.

A further scan was performed at 18 weeks and 1-day
gestation, and similar findings were noted. The femur,
tibia, and fibula were all <1st centile for gestation. A cleft
lip was identified but the palate was not visualized, and
there was a suspicion of micrognathia. Again, severe bilat-
eral talipes was observed.

After detailed discussion with the Clinical Genetics Team,
this couple underwent a TOP. They declined postmortem ex-
amination of the fetus.

3 | DISCUSSION

SF3B4 was reported as a strong candidate gene for Nager
type of acrofacial dysostosis by Bernier et al after exome
sequencing of 35 families with a clinical diagnosis of NS.
Nonsense, frameshift, and splice site mutations have been
identified, and it has been suggested that NS is a result of
haploinsufficiency of SF3B4.® This was confirmed by Petit et
al after exome sequencing of 14 families.’ Whole-gene dele-
tions are rare findings, and to the best of our knowledge, this
is only the second reported case of a whole SF3B4 deletion.
The first reported prenatal case by Lund et al was a de novo
0.4 Mb deletion encompassing 15 refseq genes, including
SF3B4. Clinical and genetic details of the current case and
cases reported previously are summarized in Table 1.

With the more widespread use of high-resolution chromo-
somal microarray testing in pregnancies where developmen-
tal abnormalities have been detected on USS, it should be
expected that more case studies will be presented in which
NS is diagnosed prenatally in the first trimester and associ-
ated with whole-gene deletion of SF3B4.

This prenatally diagnosed case further supports previous
findings that alterations and whole-gene deletions includ-
ing SF3B4 cause clinical features of NS. Furthermore, it
demonstrates the importance and clinical usefulness of chro-
mosomal microarray analysis in prenatal settings for early
diagnosis and confirmation of the underlying cause of ante-
natally detected fetal anomalies.

CONFLICT OF INTEREST

None declared.

AUTHOR CONTRIBUTIONS

[MD]: made substantial contribution to conception and
design and analysis and interpretation of data. [FT], [LR],

o 511
Clinical Case Reports _W[ LEY

[SA], and [DM]: made substantial contribution to analysis
and interpretation of data. [MDK] and [JV]: made substantial
contribution to data acquisition. [EQ-J]: contributed to manu-
script preparation. All authors were involved in revising the
manuscript critically for important intellectual content. All
authors read and accepted the final manuscript.

ORCID

Malgorzata Drozniewska
org/0000-0003-4647-9240
Mark D. Kilby "= https://orcid.org/0000-0001-9987-4223
Fiona Togneri "= https://orcid.org/0000-0002-1657-8662
Elizabeth Quinlan-Jones "= https://orcid.
org/0000-0003-0673-7268

Dominic McMullan = https://orcid.org/0000-0002-3980-7595

https://orcid.

REFERENCES

1. Ansart-Franquet H, Houfflin-Debarge V, Ghoumid J, et al. Prenatal
diagnosis of Nager syndrome in a monochorionic-diamniotic twin
pregnancy. Prenat Diagn. 2009;29:187-189.

2. Rios LT, Araujo Janior E, Nardozza LM, et al. Prenatal diagnosis
of Nager syndrome in the third trimester of pregnancy and anato-
mopathological correlation. J Med Ultrason. 2012;39:287-289.

3. Lin JL. Nager syndrome: a case report. Pediatr Neonatol.
2012;53:147-150.

4. Castori M, Borttillo I, D'Angelantonio D, et al. A 22-week-old
fetus with Nager syndrome and a congenital diaphragmatic hernia
due to a novel SF3B4 mutation. Mol Syndromol. 2014;5:241-244.

5. Petit F, Escande F, Jourdain AS, et al. Nager syndrome: confirma-
tion of SF3B4 haploinsufficiency as the major cause. Clin Genet.
2014;86:246-251.

6. McPherson E, Zaleski C, Ye Z, Lin S. Rodriguez syndrome with
SF3B4 mutation: a severe form of Nager syndrome? Am J Med
Genet. 2014;164A:1841-1845.

7. Lund ICB, Vestergaard EM, Christensen R, et al. Prenatal diagno-
sis of Nager sundrome in a 12-week-old fetus with a whole gene
deletion of SF3B4 by chromosomal microarray. Eur J Med Genet.
2016;59:48-50.

8. Bernier FP, Caluseriu O, Ng S, et al. Haploinsuffiency of SF3B4, a
component of the pre-mRNA spliceosomal complex, causes Nager
syndrome. Am J Hum Genet. 2012;90:925-933.

9. Czeschik JC, Voigt C, Alanay Y, et al. Clinical and mutation data
in 12 patients with the clinical diagnosis of Nager syndrome. Hum
Genet. 2013;132:885-898.

10. Lek M, Karczewski KJ, Minikel EV, et al. Analysis of protein-cod-
ing genetic variation in 60,706 humans. Nature. 2016;536:285-291.

How to cite this article: Drozniewska M, Kilby MD,
Vogt J, et al. Second-trimester prenatal diagnosis of
Nager syndrome with a deletion including SF3B4
detected by chromosomal microarray. Clin Case Rep.
2020:8:508-511. https://doi.org/10.1002/ccr3.2509



https://orcid.org/0000-0003-4647-9240
https://orcid.org/0000-0003-4647-9240
https://orcid.org/0000-0003-4647-9240
https://orcid.org/0000-0001-9987-4223
https://orcid.org/0000-0001-9987-4223
https://orcid.org/0000-0002-1657-8662
https://orcid.org/0000-0002-1657-8662
https://orcid.org/0000-0003-0673-7268
https://orcid.org/0000-0003-0673-7268
https://orcid.org/0000-0003-0673-7268
https://orcid.org/0000-0002-3980-7595
https://orcid.org/0000-0002-3980-7595
https://doi.org/10.1002/ccr3.2509

