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1   |   INTRODUCTION

Craniofacial microsomia (CFM; OMIM # 164210) is the 
second most common congenital craniofacial malfor-
mation after cleft lip/palate. The global incidence rate is 

approximately 1/5000–1/3000 (Birgfeld & Heike,  2019). 
CFM is a structural-developmental disorder usually occur-
ring in the first and second branchial arches around the 
fourth to sixth week of pregnancy. Its prominent features 
include hypoplasia of the mandible and maxilla, ear, orbit, 
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Abstract
Background: Craniofacial microsomia (CFM) is a common congenital malfor-
mation with unknown pathogenesis. Although few cases have been reported, it is 
suggested that variants of the SF3B2 gene may lead to CFM. We herein report the 
case of a neonate with CFM exhibiting rare features of airway obstruction.
Methods: Trio whole-exome sequencing and Sanger validation were performed 
on the proband and her parents. Candidate gene mutations were analyzed using 
the Genome Aggregation Database (gnomAD) for normal frequency distributions. 
The Human Splicing Finder (HSF) and Rare Disease Data Center (RDDC) RNA 
splicer algorithms predicted the variant's harmfulness, verified by a Minigene 
assay.
Results: The proband had a heterozygous SF3B2 variant, NM_​006842.3:c.​
777+​1G>A. The patient's father also carried this variant and exhibited facial 
abnormalities. The variant was not in gnomAD, and HSF and RDDC RNA splic-
ers indicated donor site disruption. The minigene assay suggested that two mRNA 
products were produced, leading to a premature termination codon.
Conclusion: For this family, the pathogenesis of CFM may have been caused by 
an SF3B2 splicing variant. Affected family members exhibited varying degrees of 
malformation, indicating that CFM has phenotypic heterogeneity. This finding 
expands the phenotype and variant spectrum of SF3B2, enriches neonatal CFM 
research, and provides a possible guide to genetic counseling.
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and facial nerves (Timberlake,  2021). Ear malformations 
are characteristic of CFM, ranging from microtia or incom-
plete auricles to preauricular skin tags. In addition, severe 
CFM phenotypes can include epibulbar dermoids, vertebral 
malformations, and lung, brain, and urogenital abnormal-
ities, forming a syndrome (Kuu-Karkku et al.,  2023). The 
pathogenesis of CFM is complex and is related to neural 
crest (NC) cells migration and patterning, fibroblast growth 
factor receptor signal transduction, ribosomal assembly, and 
abnormal chromatin modification (Gebuijs et al., 2022; Park 
et al., 2022; Pulman et al., 2019; Shull et al., 2020).

Variants in genes associated with spliceosomal defects 
(such as EFTUD2, TXNL4A, and SF3B4) can lead to cranio-
facial malformations (Cox et al., 2014). The spliceosome is 
a large ribonucleoprotein complex that participates in the 
cleavage of introns in pre-mRNA transcripts and is a key 
link between gene transcription and protein translation 
processes (Lehalle et al.,  2015). Timberlake et al.  (2021) 
recently discovered that there is a correlation between 
the loss-of-function (LOF) variant of the splicing factor 3b 
subunit 2 (SF3B2, OMIM # 605591) gene and CFM. They 
found that four out of 77 families with microtia carry LOF 
variants of the SF3B2 gene. Therefore, SF3B2 gene vari-
ants may be associated with a higher incidence of CFM.

Here, we report the case of a Chinese family with CFM 
and a neonatal proband characterized by craniofacial 
malformation, feeding difficulties, and respiratory failure 
caused by airway obstruction. The case was suggested to 
be caused by a SF3B2 splicing mutation based on whole-
exome sequencing. This study expands on the SF3B2 vari-
ant clinical implications and suggests that SF3B2 variants 
should be considered in neonatal and perinatal CFM.

2   |   METHODS

2.1  |  Editorial policies and ethical 
considerations

In October 2022, we recruited a Chinese family with CFM 
comprising three generations and five members. All fam-
ily members participating in this study provided written 
informed consent and agreed to disclose imaging, clinical, 
and genetic data. Parents or guardians provided informed 
consent for participants under the age of 18 years. This 
study was approved by the Medical Ethics Committee of 
Anhui Provincial Children's Hospital (EYLL-2017-023).

2.2  |  Whole-exome sequencing

Trio whole-exome sequencing was performed for the 
proband and her parents. First, peripheral venous blood 

was collected, and after anticoagulation treatment with 
ethylenediaminetetraacetic acid, genomic DNA was ex-
tracted according to the genome extraction kit instructions 
(Qiagen, Hilden, Germany). A sequencing library was pre-
pared, and the target sequence was captured using the xGen 
Exome Research Panel v2.0 (IDT). The target sequence 
was paired-end sequenced (150 bp, WeHealth BioMedical) 
using an Illumina NovaSeq 6000 high-throughput sequenc-
ing platform (Illumina). The read data were mapped to 
the University of California Santa Cruz Genome Browser 
(hg19), and the Genome Analysis Toolkit v4.1.9 software 
identified mutation sites (McKenna et al., 2010). The minor 
allele frequency was defined using the Genome Aggregation 
Database (gnomAD; http://gnoma​d-old.broad​insti​tute.
org/). The variant's pathogenicity was determined using 
the American College of Medical Genetics and Genomics 
(ACMG) guidelines (Richards et al., 2015).

2.3  |  Sanger sequencing

Sanger sequencing was performed for the proband and 
her parents. The mutation primers were designed accord-
ing to the Ensembl database (http://ensem​blgen​omes.
org/). The primer sequence was F: 5′-TACAC​ACT​GAA​
CAC​ACT​GTACAAC-3′, R: 5′-GGACC​CCA​ACA​CGA​
CTC​TGCCT-3′. Amplification was performed using the 
following conditions: one cycle at 95°C for 2 min, followed 
by 39 cycles at 95°C for 30 s, 60°C for 30 s, 72°C for 40 s, 
and a final extension at 72°C for 5 min. The amplified 
products were sequenced using the ABI 3730XL auto-
matic sequencer (Thermo Fisher Scientific).

2.4  |  In-silico analysis

Two visualization software packages were used for online 
analysis of splice variant harmfulness: the Rare Disease 
Data Center (RDDC) RNA Splicer (https://rddc.tsing​hua-
gd.org/; Jaganathan et al., 2019) and the Human Splicing 
Finder (HSF) v3.0 (https://www.genom​nis.com/acces​s-
hsf) (Desmet et al., 2009). These software packages were 
used to evaluate the potential strength of the new/cryptic 
splicing sites in the SF3B2 gene variant.

2.5  |  Minigene

The minigene plasmid was designed with an insertion 
between the exon6 and exon8 sequences of the SF3B2 
gene and the gDNA primer sequences SF3B2-F: 5′-
AAGCT​GGT​ACC​GAG​CTG​GAT​CCG​CCA​GCT​GTT​TAC​
TGG​AGGAGAGAACGAC-3′ and SF3B2-R: 5′-TTAAA​

http://gnomad-old.broadinstitute.org/
http://gnomad-old.broadinstitute.org/
http://ensemblgenomes.org/
http://ensemblgenomes.org/
https://rddc.tsinghua-gd.org/
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https://www.genomnis.com/access-hsf
https://www.genomnis.com/access-hsf
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CGG​GCC​CTC​TAG​ACT​CGA​GCC​TGC​TGA​GAA​TTC​
ATCTCTTCCTGG-3′ were amplified. The amplified 
products were cloned into the pMini-CopGFP vector 
(Hitrobio Biotechnology) using the ClonExpress II One-
Step Cloning Kit (Vazyme) and restriction endonucle-
ase 5′-BamHI/3′-XhoI. Variant plasmids were obtained 
through site-specific mutagenesis using SF3B2-MUT-F/R 
primers (SF3B2-MT-F: 5′-ACAGAGaTGAGA​CTG​ATT​
TAT​TCC​TAGGGA-3′; SF3B2-MT-R: 5′-CAGTC​ATC​TCT​
GTT​CAT​CTCCAGG-3′) based on wild-type plasmids. The 
wild-type and variant plasmids of the minigene were veri-
fied by Sanger sequencing.

Human 293T cells were grown to 80% confluence 
in a 6-well plate and were transiently transfected with 
Lipofectamine 2000 (Invitrogen). Total RNA was extracted 
from the cells using the TRIzol reagent (Cowin Biotech), 
cDNA was synthesized from the extracted RNA using 
HiScript II 1st Strand cDNA Synthesis Kit (+gDNA wiper; 
Cat#R212-01, Vazyme Biotech Co., Ltd.). MiniRT-F (5′-
GCTAA​CTA​GAA​CCC​ACT​GCTTA-3′) and SF3B2-RT-R 
primers (5′-CCTGA​GAA​TTC​ATC​TTCCT-3′) were de-
signed for PCR amplification with amplification param-
eters of 98°C for 10 s, 60°C for 30 s, and 68°C for 30 s, for 
a total of 30 cycles. The amplified product was detected by 
3% agar gel electrophoresis and sequenced in ABI 3730 XL 
(Applied Biosystems). ExPASy-translate (https://web.ex-
pasy.org/trans​late/) translated nucleotide sequences into 
protein sequences and analyzed the impact of the variant 
on the translation process.

3   |   RESULTS

3.1  |  Case presentation

The proband patient was a 4-day-old female newborn 
admitted to the neonatal intensive care unit because of 
intermittent cyanosis of the skin after birth. The patient 
was her mother's first child; the mother underwent a ce-
sarean section at 38+2 weeks of pregnancy owing to in-
trauterine growth restriction and excessive amniotic fluid. 
The birth weight was 2620 g, and the Apgar score was 7 at 
1 min and 10 at 5 min. At birth, a large amount of amni-
otic fluid, battledore placenta, and placenta previa were 
observed. The patient had congenital craniofacial anoma-
lies that manifested as a transverse facial cleft, dysplasia 
of the auricle and external auditory canal, and neonatal 
bronchopneumonia.

Physical examination revealed that the patient was 
conscious, and the frontal fontanel was flat and soft. Ear 
position was low bilaterally, and accessory auricles were 
present. Atypical facial features included a large mouth, 
with the right corner of the mouth opening horizontally 
to the cheek and a hard granular mass visible on the outer 
right corner of the mouth. The patient also had a cleft pal-
ate that extended from the uvula to the junction of the soft 
and hard palates, with a width of approximately 1.5 cm. 
The mandible was short and skewed, with the base of the 
tongue falling back (Figure 1a–d). The neck was soft, the 
respiratory rate was 66 breaths/min, the three depressions 

F I G U R E  1   Facial features of the patient and affected family members. (a) The patient's facial manifestation includes a large mouth, 
with the right corner horizontal to the cheek (yellow arrow), and the lower jaw is short and tilted to the left. (b) A cleft palate can be seen 
(yellow arrow). (c) The ear position is low on the right side, with accessory ears (yellow arrow). A lump can be seen on the outer side of the 
right corner of the mouth, which is hard (red arrow). (d) On the left side, the ear position is low, with the presence of accessory ears (yellow 
arrow). (e) The patient's father's left auricle is malformed without access to the normal ear canal (yellow arrow). (f) The father has an 
accessory ear on the right side, and the auricle and auditory canal are normal. Surgical scars can be seen on the right cheek (red arrow). (g) 
The patient's grandmother has an accessory ear visible on the left side (yellow arrow). (h) The grandmother has an accessory ear on the right 
side (yellow arrow) and congenital aural atresia.

https://web.expasy.org/translate/
https://web.expasy.org/translate/
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sign was positive, and the respiratory sounds in both lungs 
were rough. Grade II/6 systolic murmurs were heard in 
the precordium. No other obvious physical abnormalities 
were observed, including hepatosplenomegaly, abnormal 
limb mobility, or abnormal muscle tone. Laboratory exam-
ination and blood gas analysis indicated that the patient 
had type 2 respiratory failure caused by airway obstruc-
tion (with a partial pressure of carbon dioxide [PCO2] at 
51.7 mmHg and a partial pressure of oxygen at 74.9 mmHg 
under oxygen inhalation). Routine blood examinations re-
vealed no additional obvious abnormalities. Computed 
tomography (CT) revealed glossoptosis, a narrow orophar-
ynx, and a short mandible (Figure 2). A chest and spine 
CT showed no apparent abnormalities.

The patient's parents were non-consanguineous. The 
patient's father had an asymmetric face with a deformed 
left auricle and an inaccessible auditory meatus. An acces-
sory auricle was observed on the right side. The patient's 

grandmother also had an accessory auricle on both sides 
with right ear canal atresia (Figure  1e–h). Other family 
members had no abnormal facial features or ears.

3.2  |  Genetic testing

For the proband, the average sequencing depth of the target 
area was 132.2 X, with an average sequencing depth of ≥10 
X and a coverage of 99.13%. After the screening, the SF3B2 
gene of the proband was determined to be a heterozygous 
variant, NM_006842.3: c.777+1G>A, which was inherited 
from her father. Her mother carried the wild-type gene. This 
variant was not included in gnomAD and was a novel vari-
ant yet to be reported. Sanger sequencing confirmed that the 
proband and her father carried the variant, and the mother 
carried the wild-type gene (Figure 3). The ACMG rated the 
mutation as having uncertain significance.

F I G U R E  2   Computed tomography (CT) scan and three-dimensional (3D) imaging of the patient's jaw. (a) Sagittal CT showing 
glossoptosis, a narrow oropharynx airway (red arrow), and a short mandibular body (yellow arrow). (b) 3D imaging shows that the right 
mandible is short and small. (c) The left mandible is shorter and smaller than the right.

F I G U R E  3   The patient's pedigree and Sanger results. (a) The patient's pedigree. Affected family members are marked in red, and the 
proband is indicated by a red arrow. (b) The genetic testing results indicate an NM_006842.3: c.777+1G>A SF3B2 gene variant, which was 
inherited from the father. The mother carried the wild-type gene.
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3.3  |  Predicting splicing disruptions

The HSF prediction included two algorithms (HSF Matrix 
and MaxEnt), and the results showed that c.777+1G>A 
can disrupt the wild-type donor site and generate new 
variable splicing sites (Table 1). The predicted results of 
the RDDC RNA splicer indicated that c.777+1G>A can 
generate three splicing modes: (1) insertion of 387 bp, 

promoting an alternative splicing donor; (2) exon 7 miss-
ing 110 bp, resulting in exon skipping; and (3) insertion 
of the entire segment of exon 7 at 678 bp, resulting in a 
premature termination codon (Supplementary Material).

3.4  |  Minigene experiment

The variant plasmid transcribed two mRNA prod-
ucts, the first being exon 7 with a complete deletion 
of the 110 bp sequence, resulting in exon skipping and 
a frameshift mutation, leading to a premature ter-
mination codon. The variant expression mode was 
NM_006842.3: c.668_777del (p.Val223AspfsTer3). The 
second product was exon 7 with a complete deletion 
of a 110-bp sequence while partially retaining a 67-bp 
sequence of intron 6. This frameshift variant leads to a 
premature termination codon, and the expression of the 
variant is NM_006842.3: c.668_777del, c.667+1_667+67 
ins (p.Val223GlyfsTer15). Compared with the wild-type 
plasmid transcriptional mRNA sequence, it contained 
the complete exons 6–8 (Figure 4).

T A B L E  1   Human Splicing Finder v3.0 predicted the 
c.777+1G>A variant of the SF3B2 gene.

HSF algorithm HSF matrix MaxEnt

Position Chr11:66057373 Chr11:66057373

Sequence Reference GAGGTGAGA GAGGTGAGA

Sequence Mutation GAGATGAGA GAGATGAGA

Score Reference 93.37 7.66

Score Mutation 66.23 −0.53

Delta −29.07% −106.92%

Results Site Donor 
Broken

Site Donor Broken

Abbreviation: HSF, Human Splicing Finder.

F I G U R E  4   In vitro Minigene experiment. (A) The Minigene assay was conducted to construct the SF3B2 gene with c.777+1G>A. 
The electrophoresis pattern shows two bands (Mut 1 and Mut 2) in the variant, indicating two mRNA products. The first product (Mut 1) 
is a complete deletion of the 110 bp sequence in exon 7, leading to exon skipping. The expression pattern of the variant is NM_006842.3: 
c.668_777del (p.Val223AspfsTer3). The second product (Mut 2) is exon 7 with a complete deletion of the 110 bp sequence while partially 
retaining the 67 bp sequence of intron 6. The variant expression is NM_006842.3: c.668_777del, c.667+1_667+67ins (p.Val223GlyfsTer15). 
Wild-type plasmids transcribe mRNA sequences containing complete exons 6–8. (B) Sanger sequencing results and the Mut 1 deletion and 
Mut 2 insertion/deletion sequences.
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4   |   DISCUSSION

The patient had a craniofacial disorder since birth, char-
acterized by a transverse rupture of the right corner of 
the mouth to the cheek and visible granular masses. She 
also had a cleft palate, mandibular dysplasia, a low ear 
position, and accessory ears. These findings were simi-
lar to those of previously reported patients with CFM 
(Timberlake,  2021). We have summarized the clinical 
findings from previous reports, which indicate that the 
main manifestations among different individuals in-
clude external ear malformation and mandibular hypo-
plasia. Therefore, patients often exhibit micrognathia 
and hearing impairment (Table 2). In our patient, there 
was mandibular hypoplasia and posterior displacement 
of the tongue base, which may have contributed to air-
way obstruction and subsequent carbon dioxide reten-
tion, leading to elevated PCO2 levels. Similar respiratory 
failure characteristics resulting from severe mandibular 

aplasia have not been reported in other patients with 
CFM.

Genetic testing showed that the patient and her father 
had a c.777+1G>A variant in the SF3B2 gene, which is 
a novel variant. Although the patient's grandmother did 
not undergo genetic testing, it was speculated that she 
also carried the variant due to the presence of ear mal-
formations. We used predictive software programs to ana-
lyze the variant, which revealed that the wild-type donor 
site may be disrupted, leading to a premature termination 
codon. The in vitro Minigene experiment confirmed this 
prediction; after cloning and sequencing, the splicing vari-
ant produces two mRNA products and may result in trun-
cated proteins. Our study further demonstrated that LOF 
mutations in the SF3B2 gene led to haploinsufficiency and 
CFM (Timberlake et al., 2021) and provided clinical data 
for neonatal patients and families with CFM.

The SF3B2 gene is located on 11q13.1 and spans 22 exons. 
It encodes subunit 2 of the splicing factor 3b (SF3B) protein 

T A B L E  2   Reported clinical and genetic characteristics of patients with SF3B2-related CFM.

1 2 3 4–1 4–2 5–1 5–2 6 Our study

Sex F M M F M F M F F

Age at diagnosis 17 years 9 years 10 years 12 years 17 years 30 years 28 years 1.5 years 4 days

Jaw abnormalities Mild hypoplasia of the L 
jaw

Moderate 
underdevelopment of 
the R upper jaw, lower 
jaw, and cheekbones

Moderate hypoplasia of 
the R upper and lower 
jaw

Moderate hypoplasia 
of the L upper and 
lower jaw

Mild hypoplasia of the L 
upper and lower jaw

L maxillary, mandibular, and 
zygomatic dysplasia

— — Short and skewed 
mandible

Facial transversal cleft — — R L — Bi — — R

Ear deformity L tragus duplication R tragus duplication Bi tragus duplication L external auditory 
canal atresia

Bi microtia Bi microtia, absent R tragus, 
accompanied by external 
auditory canal atresia

— — Bi-low ear position 
and tragus 
duplication

Hearing Normal R hearing loss Normal L hearing loss Normal Bi hearing loss Congenital perforation of L 
tympanic membrane

Normal Failure to pass 
newborn hearing 
test

Ophthalmic phenotype Myopia — — Ptosis Amblyopia and 
strabismus

R epibulbar dermoid — Right exotropia, 
hyperopia, ptosis

—

Skeletal phenotype Bi cervical ribs L cervical rib Bi cervical ribs Spinal abnormalities Extra flexion creases 
on both sides of the 
thumb, knee valgus

— — L bifid thumb —

Cardiac phenotype Loss of L pulmonary artery, 
abnormal L subclavian 
artery, R aortic arch

/ — Ventricular septal defect — / / / Patent foramen ovale

Congenital disability — — — Cleft palate, torticollis, 
abnormal anal 
position, sparse hair

Premature adrenarche, 
mild skin syndactyly 
of digits

— — Mild skin syndactyly of 
toes

Intrauterine growth 
restriction, 
cleft palate, 
oropharyngeal 
airway stenosis

Nucleic acid alteration 
(NM_006842.3)

c.2329dupG c.2480dupC c.1780->- c.1608dupG c.1608dupG c.1912C>T c.1912C>T c.307C>T c.777 +1G>A

Amino acid alteration p.Asp776GlufsX4 p.Ala827ArgfsX5 / p.Arg537AlafsX24 p.Arg537AlafsX24 p.Arg638X p.Arg638X p. Gln103X /

Inheritance De novo Paternal De novo / / De novo De novo / Paternal

Abbreviations: —, No phenotype; /, Not Available; Bi, bilateral; CFM, craniofacial microsomia; F, female; L, left; M, male; R, right.
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complex, which is comprised of 895 amino acids. SF3B2 
performs biological splicing by forming the SF3B heptamer 
complex with six other subunits (SF3B1, SF3B3, SF3B4, 
SF3B5, SF3B6, and SF3B7) (Das et al., 1999; Will et al., 2001, 
2002). The SF3B complex is an important component of the 
U2 small nuclear riboprotein complex (U2 snRNP), which 
binds to pre-mRNAs upstream of intron-branching sites 
and anchors U2 snRNPs onto pre-mRNAs (Timberlake 
et al., 2021). The SF3B2 protein may come into contact with 
the C-terminal HEAT domain of SF3B1 through the HEAT 
interaction domain, and SF3B4 is connected to the middle 
part of the SF3B complex to achieve pre-mRNA anchoring 
(Timberlake et al., 2021; Will et al., 2002). The novel variant 
identified in this study may affect protein expression and in-
terfere with its biological function.

To date, only eight patients with SF3B2-related CFM 
have been reported (Table 2). Notably, most patients had 
unilateral abnormal features, including two with uni-
lateral transverse facial clefts and three with unilateral 

external auditory canal malformations. The family with 
CFM in this study also had similar characteristics, with 
the patient's right corner of the mouth opening hor-
izontally to the cheek and, along with her father and 
grandmother, unilateral external auditory canal malfor-
mations. This condition differs from Nager syndrome (NS, 
OMIM:154400), which is associated with the SF3B4 gene. 
Although SF3B4 interacts with SF3B2 to form a part of 
the SF3B complex, NS can cause symmetrical deformities 
in the face and mandible (Cretu et al., 2016). The mecha-
nism of SF3B2 gene defects leading to unilateral craniofa-
cial malformations in humans is still unclear. Timberlake 
et al. (2021) hypothesized that it may be caused by genetic 
modifiers of somatic cell presentation or “second hits” of 
somatic cells; that is, SF3B2 has an allelic germline variant 
accompanied by somatically acquired inactivation of the 
second allele. Further research on SF3B2 somatic cell vari-
ants and the potential mechanisms of genetic modifiers in 
the patient population with CFM is required.
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The lack of NC cells in the craniofacial region is be-
lieved to be the pathological basis of craniofacial disor-
ders, particularly mandibular and external auditory canal 
deformities (Birgfeld & Heike,  2019). Disease-causing 
variants in genes encoding spliceosome proteins are 
called spliceosomopathies. These genes include SF3B4, 
EFTUD2, TXNL4A, and SNRPB, which are crucial for NC 
cells and craniofacial development (Bernier et al., 2012). 
In a Xenopus model with SF3B2 gene knockdown, NC 
cell formation and development were disrupted, indi-
cating that early depletion of NC cells may contribute to 
CFM occurrence (Timberlake, 2021). Owing to common 
etiological mechanisms, the phenotypes of different dis-
eases also overlap; for example, children with NS have 
similar facial, ear, and mandibular deformities (Cretu 
et al.,  2016). Accordingly, pediatricians, especially neo-
natologists, are required to differentiate and diagnose 
SF3B2-related CFM.

5   |   CONCLUSIONS

In conclusion, we report a rare case of CFM in a neonatal 
patient who not only presented with unilateral facial and 
ear deformities and a small mandible but also exhibited 
previously unreported symptoms of type 2 respiratory fail-
ure caused by airway obstruction. Genetic testing results 
indicated a splicing variant of the SF3B2 gene, confirmed 
with bioinformatics software and in vitro Minigene ex-
periments, leading to a premature termination codon. 
Clinically, there were phenotypic differences among fam-
ily members carrying variants, indicating that CFM has 
phenotypic heterogeneity. Expanding the CFM cohort can 
help reveal the association between phenotype and geno-
type and explore the potential mechanisms underlying the 
high incidence of unilateral craniofacial malformations in 
patients with CFM.
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