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Abstract

Background: Coffin-Siris syndrome-8 (CSS8) is a rare autosomal dominant disorder caused by variants in SMARCC2,
a core subunit of the chromatin-remodeling complex BRG1-associated factor (BAF). The clinical characteristics of this
disorder have not been entirely determined because of the rarity of clinical reports. The BAF complex plays a crucial
role in embryogenesis and cardiac development, and pathogenic variants in genes encoding the components of
the BAF complex have been associated with congenital heart disease (CHD). However, variants in SMARCC2 have not
been reported in patients with CHD.

Case presentation: A 28-year-old primigravida was referred at 24 weeks gestation for prenatal echocardiography.
The echocardiographic findings were consistent with a prenatal ultrasound diagnosis of tetralogy of Fallot (TOF). After
detailed counseling, the couple decided to terminate the pregnancy and undergo genetic testing. A trio (fetus and
the parents) whole-exome sequencing (WES) and copy number variation sequencing (CNV-seq) were performed.
CNV-seq identified no chromosomal abnormalities. WES analysis revealed a pathogenic, de novo heterozygous
frameshift variant in SMARCC2 (NM_003075.5: c.3561del, p.Leu1188fs). The genetic diagnosis of C558 was considered
given the identification of the SMARCC2 pathogenic variant.

Conclusions: We report the first prenatal case with the SMARCC2 variant. The presence of CHD further broadens the
phenotypic spectrum of SMARCC2-related disease.

Background variants in SMARCC2 (OMIM: 601734). SMARCC2

Coffin-Siris syndrome-8 (CSS8; OMIM: 618362) is a
newly recognized syndromic neurodevelopment disor-
der characterized by variable degrees of impaired intel-
lectual development and dysmorphic features [1]. It is a
rare, autosomal dominant disorder caused by pathogenic
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is one of the invariable core subunits of the chromatin-
remodeling complex BRGIl-associated factor (BAF),
which plays a crucial role in embryogenesis and cardiac
development [2]. To date, only 13 unique SMARCC2
pathogenic variants, identified among 15 variably affected
individuals, have been reported, two of which had car-
diovascular abnormalities including left coronary disten-
sion and mild aortic dilatation [1]. Despite evidence that
SMARCC?2 is essential for cardiac differentiation and
driving stage-specific cardiac gene expression programs
[2], none of the individuals with SMARCC2 variants have
been associated with congenital heart disease (CHD).
At the same time, pathogenic variants in genes encod-
ing other components of the BAF complex have been
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associated with CHD [3]. In fact, due to the scarcity of
clinical reports, the clinical characteristics of CSS8, espe-
cially the low penetrant phenotype, such as cardiovas-
cular abnormalities, have not been fully determined. We
provide herein the first prenatal case with CHD that may
be part of this newly identified SMARCC2-related disor-
der, which could help define its phenotypic spectrum and
diagnostic criteria.

Case presentation

A 28-year-old pregnant woman was referred to our
center for prenatal echocardiography at 24 weeks of ges-
tation with fetal cardiac abnormalities identified during
routine second-trimester screening. The woman was in
good health, with no family history of cardiovascular dis-
ease and no medication history during pregnancy. She
and her husband are not consanguineous.

Clinical phenotypes

Detailed fetal echocardiographic examination revealed
a subaortic ventricular septal defect (3.4 mm) with an
enlarged aortic valve (Fig. 1A) and a right ventricu-
lar outflow tract and pulmonary stenosis (Fig. 1B). The
echocardiographic findings supported the diagnosis
of tetralogy of Fallot. After a detailed consultation, the
couple decided to terminate the pregnancy and undergo
genomic sequencing but declined an autopsy.

Molecular findings
We performed a trio (fetus and the parents) whole-
exome sequencing and copy number variation
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sequencing using methods described previously [4, 5].
We found no chromosomal abnormalities or disease-
causing variants in the known CHD genes. However,
we identified a de novo heterozygous frameshift variant
in SMARCC2 (NM_003075.5: c.3561del, p.Leull88fs)
in the fetus (Fig. 2). This variant has not yet been
described as pathogenic or benign and has not been
reported in the general population database (gnomAD:
https://gnomad.broadinstitute.org). It is predicted to
result in either an abnormal truncated protein product
or loss of protein from this allele via nonsense-medi-
ated mRNA decay. Furthermore, recent evidence indi-
cates that SMARCC2 is intolerant to loss-of-function
variants [1]. In conclusion, we classified this variant as

NM_000238.3: c.3561delT

G GG G G T TG C

artery; LV, left ventricle; MPA, main pulmonary artery; RV, right ventricle

Fig. 1 Cardiac defects in the fetus. A The dotted line indicates an enlarged aortic valve; the arrow indicates the ventricular septal defect. B The
dotted line refers to a narrowing of the right ventricle outflow tract and pulmonary stenosis. AAO, ascending aorta; L/RPA, left/right pulmonary
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pathogenic according to the American College of Medi-
cal Genetics and Genomics guidelines [6].

Literature review

Since none of the previously reported patients [1] had
CHD, the association between SMARCC2 variants and
CHD is uncertain. We further conducted literature and
public database surveys to determine the association
between SMARCC2 variants and CHD. We identified
three additional patients with congenital heart disease,
two of which carried a contiguous gene deletion con-
taining SMARCC2, and one had a de novo SMARCC2
loss-of-function variant [7, 8]. Detailed genotypes and
phenotypes of these patients are summarized in Table 1.

Discussion and conclusions

We report the first prenatal case of congenital heart dis-
ease with a novel variant in SMARCC2, a core subunit of
the BAF complex. The discovery of pathogenic variants
for pregnancies with structural anomalies during the pre-
natal period is essential for establishing a precise diagno-
sis, treatment decision, and correct prognostication and
for providing accurate genetic counseling for the perina-
tal decision-making [9]. Furthermore, our report enlarges
the variant spectrum of SMARCC2, and suggests the
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potential association between CHD and SMARCC?2 path-
ogenic variants.

Growing evidence indicates subunits of the BAF
complex are involved in diverse aspects of cardiac
development, and the disruption of the BAF complex
underlies the pathogenesis of CHD [2]. Actually, CHD is
not uncommon in patients with variants in genes encod-
ing BAF complex subunits [1, 3]. For example, in a recent
review of patients with variants in genes encoding com-
ponents of the BAF complex, the incidence of CHD in
patients with SMARCBI1, SMARCA4, SMARCEI, and
ARIDIA variants was 45%, 42%, 67%, and 38%, respec-
tively, and the overall incidence was 44% [3]. As for
SMARCC?2, recent evidence indicates that it is essential
for cardiac differentiation through facilitating cardiomyo-
cyte differentiation and controlling temporal steps in car-
diac differentiation [2], suggesting a potential general role
for the BAF complex in CHD. SMARCC?2 variants were
recently reported in 15 unrelated patients with impaired
intellectual development with speech and behavioral
abnormalities, hypotonia, and varying dysmorphism [1].
None of these patients had CHD, although two of them
presented coronary distension or aortic dilatation.

To our knowledge, a total of four unrelated CHD
patients with SMARCC2 deletion or loss-of-function

Table 1 Clinical phenotype and genotype of four unrelated patients with congenital heart disease carrying SMARCC2 deletion or loss-

of-function variant

ID Sex Age Cardiac Extra cardiac phenotype Genetic abnormality Origin  Reference
phenotype
401,720 Female Infancy Ventricular septal  Broad foot, broad palm, [hg19]del(12)(q13.3q14.2p22.3) Denovo DECIPHER data-
defect delayed speech and language  chr12:9.56554154_63870277del base*
development, feeding difficul-
ties in infancy, hypertelorism,
intellectual disability, muscu-
lar hypotonia, open mouth,
premature birth, Strabismus,
Thick eyebrow, Thick lower
lip vermilion, Thick upper lip
vermilion,Wide mouth
F6 Female Fetus Cardiac malposi-  Abdominal situs inversus SMARCC2 (ENST00000267064: Denovo Carssetal. (2014)
tion of the great ¢.1555C>T, p.His519Ter) and NF
arteries and mul- T(ENST00000456735:c.2747G > A
tiple ventricular ,0.His916GIn)
septal defects
None  Female 22yearsold Congenital Neonatal respiratory distress 500 Kb-long deletion at De novo Roberti et al. (2018)

perimebranous
ventricular defect

syndrome,neurodevelopmental
delay, poor verbal language,

12g13.2-g13.3 that contains
SMARCC2 and other 25 genes

dysmorphic facial features, skel-
etal abnormalities, trigeminal
nerve palsy, bilateral mixed
hearing loss, rhinolalia, dysar-
thria and acquired dysphagia for

solid foods

None  Female Fetus Tetralogy of Fallot None

SMARCC2 (NM_003075.5:
c3561del, p.Leu1188fs)

De novo This study

*https://decipher.sanger.ac.uk/
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variants, including the fetus with TOF carrying the
novel SMARCC2 pathogenic variant described here,
have been reported in the public database or litera-
ture [7, 8] (Table 1). The patient 401,720 in DECIPHER
database [10] and the patient reported by Roberti et al.
[7] carried contiguous gene deletions containing the
SMARCC2 gene. They both presented the major features
of the CCS8, including intellectual disability, develop-
mental delay with prominent speech delay, behavioral
abnormalities, feeding difficulties at the neonatal period,
hypotonia, and dysmorphic features, suggesting that the
haploinsufficiency of SMARCC2 may contribute sig-
nificantly to their phenotypes. Interestingly, only the
fetus presented herein had no other genetic abnormali-
ties, but the other three patients had either single-gene
variants or copy number deletions involving genes other
than SMARCC2. It is hard to say whether abnormal
SMARCC?2 or other genetic abnormalities are the most
likely cause of the three patients. The presence of CHD in
four unrelated patients with SMARCC2 deletion or loss-
of-function variants suggests the possible causal asso-
ciation between SMARCC?2 variant and congenital heart
disease. Still, it requires further genetic or functional
confirmatory studies.

Notably, although we identified no obvious extracar-
diac malformations by ultrasound, it was still difficult to
distinguish whether the congenital heart disease in this
fetus was isolated or syndromic. First, subtle dysmorphic
features cannot be determined by fetal ultrasound, and
some phenotypes, particularly neurodevelopmental dis-
orders, are impossible to identify in the prenatal setting
[9]. Furthermore, because of the termination of preg-
nancy, it is impossible to know if it would have developed
other developmental features of CSS8 in the future.

In conclusion, by combining our case and the evidence
mentioned above, we conclude that CHD is an intrinsic
phenotype of SMARCC2-related disease with reduced
penetrance. Further investigations into the pathophysi-
ological mechanism associated with SMARCC2 variants
and genotype—phenotype correlations are needed.

Abbreviations
BAF: BRG1-associated factor; CHD: Congenital heart disease; CSS8: Coffin-Siris
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