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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).1,2 Preaxial abnor-
malities are caused by abnormal development of the first and 
second branchial arches and limb buds.3

Nager syndrome (NS), first described by Nager and de 
Reyenie in 1948 (MIM #154400), is the most common form 

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).3-5 Other clinical features in childhood may include 
short stature, renal or cardiac anomalies, and costovertebral 
defects.5

There are less than 100 reported cases of NS, only 10 of 
which have been suspected prenatally.1,4-7

Several probands have been diagnosed in the second or third 
trimester using a detailed ultrasound assessment often with 
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Abstract
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.

K E Y W O R D S

microarrays, Nager syndrome, prenatal diagnosis, SF3B4 gene

www.wileyonlinelibrary.com/journal/ccr3
mailto:﻿
https://orcid.org/0000-0003-4647-9240
https://orcid.org/0000-0001-9987-4223
https://orcid.org/0000-0002-1657-8662
https://orcid.org/0000-0003-0673-7268
https://orcid.org/0000-0002-3980-7595
mailto:Malgorzata.Drozniewska@nhs.net


      |  509DROZNIEWSKA et al.

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.6,8 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.5,8 Heterozygous mu-
tations in the SF3B4 gene (1q21.2) cause clinical NS in ap-
proximately 56% of cases,8 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.7

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.5,8 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.5

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 

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 1q21.2 (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, 
PLEKHO1, PRPF3, and RPRD2) have pLI 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

F I G U R E  1   Comparison of current case with the case reported by Lund et al, 2016. UCSC genome browser on Human Feb. 2009 (GRCh37/
hg19) Assembly
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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 SF3B4.8 This was confirmed by Petit et 
al after exome sequencing of 14 families.5 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 
SF3B4.7 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.
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