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Established Facts

• Homozygous pathogenic variants in the SCUBE3 gene are associated with short stature, facial
dysmorphism, and skeletal anomalies with or without cardiac anomalies 2 (SSFSC2).

• The differential diagnosis for short stature, microcephaly, mild learning disability, distinctive
facial traits, and parental consanguinity should include SSFSC2.

Novel Insights

• A homozygous missense variant, c.908G>C (p.Cys303Ser), in the SCUBE3 gene has not been
previously reported.

• SSFSC2 can be presented with learning disability.
• The C303S variant in the SCUBE3 gene was predicted to damage the SCUBE3 protein, primarily

by disrupting the C303–C316 disulfide bridge.
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Abstract
Introduction: Short stature, facial dysmorphism, and skeletal
anomalies with or without cardiac anomalies 2 is a very rare
genetic disorder caused by biallelic pathogenic variants in
the SCUBE3 gene and has been reported in approximately 20
patients to date. SCUBE3 protein exhibits significant ex-
pression in various tissues, including primary osteoblasts,
long bones, and the cartilage of the axial skeleton
throughout development, while also playing a regulatory
role in the FGF, Hedgehog, and TGF-β signaling pathways.
Case Presentation: We report a 13-year-old female patient
from a consanguineous Turkish family with a novel ho-
mozygous missense variant, c.908G>C (p.Cys303Ser) in the
SCUBE3 gene identified, through exome sequencing. The
patient exhibited prenatal growth retardation, short stature,
microcephaly, distinctive facial traits, such as long face, high
arched eyebrows, epicanthus, blepharoptosis, hypotelorism,
high nasal bridge, micrognathia, and large ears, dental
anomalies, and skeletal abnormalities, including scoliosis,
eleven pairs of ribs, mild radial bowing, irregular endplates
in the lower thoracic vertabrae, and narrow iliac wings.
Conclusion: Protein modeling using AlphaFold3 revealed
disruption of a critical disulfide bridge within the seventh
epidermal growth factor-like repeat, likely affecting protein
stability. In this study, we aimed to further characterize the
clinical, radiological, and molecular features of this disorder
with protein modeling. © 2025 S. Karger AG, Basel

Introduction

In 2021, Lin et al. [1] described a newly recognized
genetic disorder in 15 patients from nine families with
short stature, distinctive facial traits, dental anomalies,
and skeletal findings associated with biallelic pathogenic
variants of the SCUBE3 gene. This syndrome known as
short stature, facial dysmorphism, and skeletal anomalies
with or without cardiac anomalies 2 (SSFSC2) (MIM
#619184) has been reported in approximately 20 patients
to date [1–3]. The SCUBE3 (signal peptide, CUB and
EGF-like domain-containing protein 3) gene is located on
human chromosome 6 at position p21.3. Research on
SCUBE3 is relatively recent and remains limited in scope.
Similar to other SCUBE family members, SCUBE1 and
SCUBE2, SCUBE3 is highly conserved across zebrafish,
mice, and humans [4–6]. These SCUBE proteins possess
at least five major domains: a signal peptide, nine se-
quentially arranged EGF-like domains, a spacer region,
three cysteine-rich motifs, and a single CUB domain.

These proteins exhibit significant expression in a variety
of tissues throughout development, suggesting their
possible involvement in developmental processes [1].

Here, we report a female patient with a novel ho-
mozygous missense variant, c.908G>C (p.Cys303Ser), in
the SCUBE3 gene. We also present the clinical, radio-
logical, and molecular features, along with in silico
structural modeling, to elucidate the potential pathogenic
mechanism of this variant.

Case Presentation

A13-year-old female patient was admitted to our genetics
clinic due to her short stature and distinctive facial traits. She
was the third child of a Turkish consanguineous couple. The
maternal history revealed intrauterine growth retardation
detected through ultrasonographic examinations, leading to
a cesarean delivery of a full-term infant. Fetal mobility and
amniotic fluid were normal. Birth weight was 1,800 g (−3.7
standard deviation score [SDS]). The birth length and head
circumference were unknown. After birth, she stayed in the
neonatal intensive care unit for 2 months due to low birth
weight and feeding difficulties. The medical history revealed
that the patient had a cleft palate, which was surgically
corrected at 12months of age. A conductive hearing loss was
detected during the hearing examination. The neuromotor
developmental milestones were appropriate for her age. She
was receiving special education due to learning difficulties.
Her mother, father, and two brothers were healthy. There
were no notable features in the family history. On physical
examination, her body weight was 36.5 kg (−2.62 SDS),
height was 138 cm (−3.61 SDS), and head circumference was
51 cm (−3 SDS). Long face, high forehead, high arched
eyebrows, epicanthus, blepharoptosis, hypotelorism, high
nasal bridge, long arched nose, high-narrow palate, low
columella, micrognathia, and large ears were noted as dis-
tinctive facial traits. Maxillary transverse deficiency was
identified, potentially resulting from the cleft palate surgery.
She had mesomelic shortening, which was prominent in the
upper extremities, brachydactyly, and hallux valgus. Joint
movements were normal. Her pubertal stage was Tanner
stage-4, with completed epiphyseal fusion on left wrist
graphics. Routine laboratory tests results for growth retar-
dation including whole blood count, biochemical tests,
thyroid hormones, tissue transglutaminase antibodies were
all within the reference ranges. Serum insulin-like growth
factor-1 (IGF-1) level was 325 μg/L (N: 140–485 μg/L).
Further endocrinologic evaluation was not performed since
the patient had completed linear growth at presentation and
IGF-1 level was within upper normal limits. X-rays revealed
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thoracic scoliosis, eleven pairs of ribs, mild radial bowing,
irregular endplates in the lower thoracic vertabrae, and
narrow iliac wings. The lateral cephalogram demonstrated
maxillary and mandibular retrognathia (bimaxillary retru-
sion), with a sella-nasion-A point angle of 69° and a sella-
nasion-B point angle of 64°, respectively. Mandibular mi-
crognathia, glossoptosis, and upper airway obstruction were
also observed in conjunction with the cleft palate, indicating
the presence of Pierre-Robin sequence (PRS). Cone-beam
computed tomography and panoramic radiography iden-
tified the agenesis of three permanent teeth (hypodontia)
and evident taurodontism in all permanent molars. Severe
dental crowding, particularly in the maxilla, along with the
ectopic eruption of the maxillary left first premolar and the
maxillary right first and second premolars, was noted.
Additionally, dental caries were observed. Echocardiogram
and abdominal ultrasound results were normal. Karyotyping
was normal 46, XX at standard resolution, and chromo-
somalmicroarray analysis was normal. Subsequently, exome
sequencing was performed, found a homozygous variant
c.908G>C;(p.Cys303Ser) in the SCUBE3 (NM_152753.3)
gene. The variant was confirmed in the patient and her
parents through Sanger sequencing. AlphaMissense,
EIGEN, FATHMM-MKL, M-CAP, Mutation Assessor,
PROVEAN, REVEL, and SIFT computational algorithms
predicted the missense variant as deleterious. This missense
variant has not been previously reported in the literature or
variant databases such as ClinVar, HGMD, and LOVD and
has not been found in population databases, including ESP,
1000G, gnomAD Exomes, and Genomes v2.1.1. The variant
met the PM2_moderate and PP3_strong (REVEL score:
0.962) criteria according to American College of Medical
Genetics (ACMG) guidelines [7] and modifications rec-
ommended by ClinGen’s Sequence Variant Interpretation
working group (https://clinicalgenome.org/working-groups/
sequence-variant-interpretation). Ultimately, the variant has
been classified as likely pathogenic according to the ACMG
guidelines. In the segregation analysis, the parents and an
older healthy brother were found to be heterozygous for this
variant. Photographs and images of the patient, pedigree,
and Sanger sequencing are shown in Figure 1. Based on the
clinical, radiological, andmolecular findings, our patient was
diagnosed with SSFSC2.

Discussion

The primary characteristics of SSFSC2 include pre-
natal growth retardation, short stature, microcephaly,
skeletal abnormalities such as brachydactyly, thin-short
long bones, coxa valga, and narrow iliac wings, joint

involvement, dental anomalies, and distinctive facial
traits, including a long face, high forehead, prominent
nasal bridge, long nose, and micrognathia. Our patient
had all these findings except for joint limitation or hy-
permobility. In rare cases, SSFSC2 has been associated
with congenital heart defects such as atrial septal defect,
pulmonary hypertension, patent foramen ovale, and
cardiac arrhythmias, as well as cleft palate, conductive
hearing loss, scoliosis, missing costae, hypospadias,
cryptorchidism, nystagmus, and strabismus. Short stature
is a consistent feature of the disease, with reported patient
heights in the literature ranging from −2.5 to −5.8
standard deviations [1]. In the literature, 1 patient only
has been reported with learning difficulties, behavioral
problems such as attention deficit and hyperactivity, and
speech delay in SSFSC2 [1]. Our patient also had mild
learning difficulties. However, our patient did not exhibit
any behavioral disorders. A detailed evaluation of the
etiology of our patient’s learning difficulty revealed no
history of teratogen exposure during the prenatal period,
no hypoxic birth history, no neonatal infections or severe
neonatal jaundice, and no exposure to traumatic brain
injury. The patient’s metabolic tests, chromosomal
analysis, and microarray analysis for detecting copy
number variations also yielded normal results. ES did not
identify any significant variants in other genes that could
account for this condition. Nevertheless, there is a pos-
sibility of a gene that has not yet been discovered.
However, since prematurity and low birth weight, both
present in our patient’s history, are significant risk factors
for learning difficulties, it is challenging to determine
whether the learning difficulty is a feature of the syn-
drome. We believe that future studies will help clarify this
issue. As a result, learning difficulties may represent a rare
manifestation of this disorder or could be attributed to an
accompanying condition. Developmental delay also ap-
pears to be a rare finding in this syndrome. In the study by
Lin et al. [1], congenital hypotonia and speech delay were
reported in only 1 patient. Similarly, our patient exhibited
age-appropriate developmental milestones. Lin et al. [1]
reported that all patients exhibited dental findings, some
of which were less commonly observed and others were
less specific. Notably, dental involvement was recognized
as a consistent feature in individuals with biallelic in-
activating SCUBE3 variants. PRS is a rare congenital
condition, primarily characterized by the triad of mi-
crognathia, glossoptosis, and upper airway obstruction,
and it may present either as an isolated anomaly or as a
component of a syndrome or a complex disorder in-
volving multiple anomalies [8]. This anomaly may also
involve cleft palate as a common and additional feature;
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however, there is no consensus on whether it constitutes a
part of PRS [9]. In the study cohort by Lin et al. [1],
among 14 patients in whom PRS and cleft palate were
evaluated, PRS was detected in only 2 patients, neither of
whom exhibited cleft palate. Conversely, cleft palate was
observed in 1 patient who, nonetheless, was not diag-
nosed with PRS. Our patient displayed the defining
features of this rare condition, particularly during in-
fancy, including the primary triad of mandibular mi-
crognathia, glossoptosis, and upper airway obstruction,
along with feeding and respiratory difficulties and a
surgically corrected cleft palate. Tooth agenesis (TA)
refers to the congenital absence of one or more teeth in
either the deciduous or permanent dentition. It is clas-
sified based on the number of missing teeth as hypodontia
(fewer than six teeth missing), oligodontia (six or more
teeth missing), and anodontia (the total absence of all
teeth) [10]. TA can occur in isolation or as part of various
syndromes, including non-syndromic or syndromic cleft
lip or cleft lip and palate [11]. The previous report in-
dicated that 4 patients had hypodontia/oligodontia, but
only one also had a cleft palate [1]. Our patient exhibited
hypodontia and cleft palate, consistent with this phe-
notype. Taurodontism is another dental abnormality that

seems to be linked to more severe forms of TA and is also
a defining feature of the amelogenesis imperfecta phe-
notype resulting from DLX3 mutations [12]. Addition-
ally, taurodontism is more frequently observed in indi-
viduals with cleft lip and palate, affecting a greater
number of teeth than in those without clefts. Taur-
odontism was not noted in any patients in Lin et al.’s [1]
cohort, whereas our patient demonstrated pronounced
taurodontism in all permanent molars, particularly in the
maxillary molars, a feature that may be linked to a novel
finding in this syndrome.

The SCUBE3 gene shows high expression levels in
primary osteoblasts, the long bones, and the cartilage of
the axial skeleton, while exhibiting lower expression in
human umbilical vein endothelial cells and the heart [13].
SCUBE3 protein regulates FGF, Hedgehog, and TGF-β
signalling pathways, although the exact molecular
mechanisms involved in this modulation remain largely
unexplored [14, 15]. In the study by Lin et al. [1], SCUBE3
knockdown was shown to impair BMP-mediated chon-
drogenesis and ossification, leading to disrupted endo-
chondral bone growth. The SCUBE3 gene is suggested to
play a crucial role in skeletal development and growth.
Also, SCUBE3might serve as a key upstream regulator of

Fig. 1. aDistinctive facial traits of the patient. Microcephaly, long
face, high-arched eyebrows, epicanthus, blepharoptosis, hypo-
telorism, high nasal bridge, long arched nose, low columella,
micrognathia, and large ears, brachydactyly, and bilateral hallux
valgus. b X-rays of the patient. Eleven pairs of costae and thoracic
scoliosis, irregular endplates of lower thoracic vertebrae, mes-
omelic shortening, mild radial bowing, and narrow iliac wings.
c Panoramic dental X-ray, lateral cephalogram, and intraoral

features of the patient. Evident taurodontism, hypodontia, bi-
maxillary retrusion, severe dental crowding, dental caries,
maxillary transverse deficiency and ectopic erupted teeth, and
intraoral view showing hypodontia in the mandible. d Pedigree
and Sanger sequencing electropherograms. SCUBE3 gene
c.908G>C variant is homozygous in the patient, heterozygous in
the mother, father, and older brother. This variant was not found
in the other brother.
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fast fiber myogenesis by influencing FGF8 signaling
during zebrafish embryonic development [14].

The protein sequence, domain architecture, and
known binding sites of the SCUBE3 (UniProt ID:
Q8IX30) [16] were obtained from the UniProt database
(www.uniprot.org). SCUBE3 in the UniProt database is
annotated with nine EGF-like repeats, six of which have
calcium-binding function. EGF-like domains are com-
monly found in extracellular and membrane-bound
proteins that participate in cell signaling [17]. Within
SCUBE3, these domains can interact with ligands and
other proteins. The missense mutation at residue 303 is
located within the seventh EGF-like repeat, forming a
disulfide bridge with C316 in close proximity to other
disulfide bridges within this domain (Fig. 2a). SCUBE3
can bind Ca2+ ions and interact with homologous pro-
teins (SCUBE1 and SCUBE2) as well as other partners,
such as TGFBR2 (transforming growth factor-β receptor

II), FGF8 (fibroblast growth factor 8), and FGFR4 (fi-
broblast growth factor receptor 4) [18]. Because no crystal
structure is currently available for SCUBE3, AlphaFold3
was employed to predict the structures of wild-type (WT)
SCUBE3 and its C303S variant [19]. Several configura-
tions were generated for these predictions, including the
presence/absence of the signal peptide, the inclusion of
potential glycosylation sites, varying numbers of bound
Ca+2 ions, and homodimerization scenarios (i.e., two
SCUBE3 chains). Structure prediction scores were eval-
uated using the pLDDT (predicted local distance dif-
ference test) and PTM (predicted TM) score metrics.
Overall, excluding the signal peptide increased confidence
in the final predicted structures. Incorporating the five
glycosylation sites also tended to improve prediction
scores, whereas adding Ca2+ ions – particularly six Ca2+

ions – further increased confidence. In monomeric
predictions, pLDDT and PTM scores were generally

2
(Figure continued on next page.)
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Fig. 2. a Schematic representation of SCUBE3 functional domains
with C303C variant indicated (adapted from Lin et al. [1] [2020]).
b SCUBE3 AlphaFold3 monomer model and predicted align
scores for SCUBE3 without signal peptide, glycosylation, and Ca2+

(left), SCUBE3 without signal peptide, glycosylated, and with
9 Ca2+ added (right). c SCUBE3-C303S variant AlphaFold3

monomer model and predicted align scores for SCUBE3 without
signal peptide, glycosylation, and Ca2+ (left), SCUBE3-C303S
without signal peptide, glycosylated, and with 9 Ca2+ added (right).
d SCUBE3 and SCUBE3-C303S variant AlphaFold3 homodimer
models and predicted align scores for proteins without signal
peptide, glycosylated, and with 9 or 6 Ca2+ added.
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higher than in homodimeric models (Fig. 2b–d). Addi-
tionally, the AlphaMissense Pathogenicity Heatmap [20]
was used to investigate the potential pathogenicity of the
SCUBE3-C303S variant. The AlphaMissense Pathoge-
nicity Heatmap indicated a score of 0.999 for C303S,
suggesting a high likely pathogenic potential. Likewise, all
other missense mutations at the same position and at
other cysteine residues within the EGF-like domains
showed similarly high pathogenicity scores.

AlphaFold modeling predictions of SCUBE3 (WT and
C303S) under varying conditions suggest that excluding
the signal peptide and including the five glycosylation sites
alongside six Ca2+ ions yields themost confident structural
models. Monomeric forms exhibited slightly higher
pLDDT and PTM scores relative to homodimers. No
marked structural variation was detected between the WT
and C303S variant under these conditions, except for the
broken disulfide bridge. The EGF-like and CUB domains
in SCUBE3 appear critical for protein-protein interactions.
Notably, the C303S mutation is predicted to be highly
pathogenic, potentially due to its location within the
seventh EGF-like domain. SCUBE3 contains numerous
cysteine residues, primarily within the EGF-like and
cysteine-rich domains, forming disulfide bridges crucial
for structural stability [1]. The C303 residue participates in
a disulfide bridge with C316, and replacing C303 with
serine (C303S) disrupts this bond, potentially destabilizing
the EGF-like repeat 7, thereby impacting SCUBE3 stability.

SSFSC2 was defined as Short Stature, Facial Dys-
morphism, Skeletal and Dental Anomalies Syndrome,
SCUBE3 related (NOS 21–0240), under group 21, which
includes primordial dwarfism and slender bones in the
nosology of genetic skeletal disorders: 2023 revision [21].
Skeletal dysplasias constitute a significant portion of
genetic disorders, and with advancing technology, an
increasing number of new diseases are being identified.
Despite the limited available data, we aimed to further
characterize the clinical and molecular features of this
disorder through protein modeling and patient features.
The CARE Checklist has been filled in by all authors
(online suppl. material; for all online suppl. material, see
https://doi.org/10.1159/000545570).

Conclusion

In summary, SSFSC2 is a newly identified and extremely
rare skeletal dysplasia. We described a female patient af-
fected with SSFSC2 who had distinctive facial traits, short
stature, dental anomalies, and learning disability due to a
novel homozygous variant in the SCUBE3 gene. Modeling

of the SCUBE3-WT and the C303S variant revealed a
highly pathogenic and damaging effect of the mutation on
the SCUBE3 protein, specifically through disruption of the
C303–C316 disulfide bridge. Incorporation of metal ions
and glycan residues improved the prediction confidence of
AlphaFold3 in SCUBE3 modeling. Novel variants are
crucial for extending the molecular spectrum of SSFSC2
and for gaining a clearer understanding of the genotype-
phenotype correlation in larger patient populations.
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