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A B S T R A C T   

Spondyloepimetaphyseal dysplasia (SEMD) is characterized by vertebral, epiphyseal, and metaphyseal alter
ations. Patients become predominantly apparent with disproportionate short stature. The genetic background of 
SEMD is heterogeneous, with different modes of inheritance (autosomal dominant, autosomal recessive, and X- 
linked disorders). Amongst the genes in which variants are known to cause SEMD, UFM1-specific protease 2 
(UFSP2) encodes a cysteine protease involved in the maturation of Ubiquitin-fold modifier 1 (UFM1). Hetero
zygous pathogenic variants affecting the C-terminal catalytic domain of UFSP2 are related to two entities of 
skeletal dysplasia, Beukes hip dysplasia (BHD) and SEMD type Di Rocco (SEMDDR). This is the first report of a de 
novo heterozygous variant affecting the catalytic Cys302 residue of UFSP2 (NM_018359.3:c.905G>C, p. 
(Cys302Ser)) causing SEMDDR. According to previously described patients with SEMDDR, our patient presented 
with disproportionate short stature, genu varum, gait instability, and radiologically detected epiphyseal and 
metaphyseal alterations. Additionally, a bell-shaped thorax, lumbar hyperlordosis, muscular hypotonia, and coxa 
vara were observed in the patient described in this study. Our findings underline the fundamental importance of 
an intact catalytic triad of the human UFSP2 for normal skeletal development and extend the phenotypical 
features of patients with UFSP2-related skeletal dysplasia.   

1. Introduction 

Skeletal dysplasia (SD) represents a broad group of diseases (over 
700 distinct entities) in which disease-causing variants in more than 500 
genes have been identified to date (Unger et al., 2023). The identifica
tion of new pathogenic variants significantly advanced with the 
increasingly widespread use of massive parallel sequencing. Character
izing genetic variants related to SD is essential to define the diagnosis, 
prognosis, mode of inheritance, and impact on possible treatment op
tions for the patients. Here, we report a patient with a novel variant in 
the UFM1-specific protease 2 (UFSP2) gene causing spondyloepimeta
physeal dysplasia type Di Rocco (SEMDDR). There is a phenotypic 
overlap of the distinct entities in the heterogeneous group of spondy
loepimetaphyseal dysplasia (SEMD), consisting of disproportionate 
short stature with vertebral, as well as metaphyseal and epiphyseal al
terations of the long bones. The genetic characterization helps to 

distinguish between UFSP2-related SEMDDR (OMIM# 617974) and 
differential diagnoses, such as COL2A1-related SEMD Strudwick type 
(SEMD-S, OMIM# 184250). 

The UFSP2 gene encodes a cysteine protease that cleaves the C-ter
minal extension of Ubiquitin-fold modifier 1 (UFM1), a ubiquitin-like 
protein (Kang et al., 2007). This proteolytic step leads to the exposure 
of a highly conserved glycine and is crucial for the subsequent conju
gation to target molecules (Komatsu et al., 2004). The structural analysis 
of UFSP2 using a three-dimensional model of the mouse homolog 
(Protein Data Bank [PDB]: 3OQC) showed that the protein is composed 
of two domains, the C-terminal catalytic domain and an N-terminal 
domain (Fig. 1A) (Kang et al., 2007; Ha et al., 2011). 

A homozygous pathogenic variant in the N-terminal domain of 
UFSP2 (c.344T>A; p.(Val115Glu)) is related to autosomal recessive 
neurodevelopmental delay and epilepsy (Ni et al., 2021). By contrast, 
heterozygous missense variants affecting the C-terminal catalytic 
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domain were found in SD. Watson et al. described a South African family 
of European descent with UFSP2-related Beukes hip dysplasia 
(c.868T>C; p.(Tyr290His)) (BHD, OMIM# 142669), a severe premature 
degenerative osteoarthritis of the hip joints (Cilliers and Beighton, 1990; 
Watson et al., 2015). The affection of the catalytic triad of UFSP2 results 
in SEMDDR, which has been reported in three affected individuals of 
three generations in an Italian family (c.1277A>C; p.(Asp426Ala)) (Di 
Rocco et al., 2018), and a Chinese boy (c.1283A>G; p.(His428Arg)) 
(Fig. 1C) (Zhang et al., 2020). 

Here, we describe an additional patient with SEMDDR caused by a 
novel likely pathogenic variant affecting the catalytic cysteine of UFSP2 
(c.905G>C; p.(Cys302Ser)). Based on the investigations for mice, it is 
proposed that the catalytic activities of UFSP2 depend on the catalytic 
triad composed of Cys294 (corresponding to human Cys302) as well as 
Asp418 and His428 (corresponding to human Asp426 and His428) in the 

C-terminus. The importance of the catalytic triad in humans was 
ascertained by the fact that pathogenic variants affecting the catalytic 
residues resulted in a loss of activities of UFSP2 (Kang et al., 2007). 

2. Clinical report 

2.1. Patient data 

Our patient is the second son of non-consanguineous parents and was 
born in the 39th week of gestation after an uneventful pregnancy. One 
week before delivery, polyhydramnios was recognized. The following 
birth measurements were collected: weight 3585 g (65th percentile, Z =
0.38), height 49 cm (14th percentile, Z = − 1.06), and head circumfer
ence 37.5 cm (99th percentile, Z = 2.39). He presented at birth with 
shortened proximal extremities, a bell-shaped thorax, and a shortened 

Fig. 1. Structure of human UFSP2. (A) The human UFSP2 consists of an N-terminal substrate binding domain and a C-terminal catalytic domain. The active site 
(green) is formed by the catalytic triad consisting of Cys302, Asp426, and His428. The oxyanion hole of the active site consists of the backbone amide of Tyr290 and 
the catalytic cysteine. (B) The catalytic residue Cys302 is strictly conserved across species. (C) Heterozygous pathogenic variants affecting the catalytic triad Cys302, 
Asp426, and His428 are related to autosomal dominant spondyloepimetaphyseal dysplasia type Di Rocco. This is the first report of a patient with a variant affecting 
the catalytic Cys302 residue (highlighted in red). The variant Tyr290His is associated with Beukes hip dysplasia. A homozygous pathogenic variant affecting the N- 
terminal domain of UFSP2 (p.Val115Glu) is associated with an autosomal recessive form of pediatric neurodevelopmental anomalies and epilepsy without skeletal 
dysplasia. (het = heterozygous, hom = homozygous.) 
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sternum (Fig. 2A). Muscular hypotonia and poor spontaneous motor 
skills were observed. Due to inadequate respiratory adaption, our pa
tient had to be transferred to the pediatric intensive care unit, where he 
received continuous positive airway pressure (CPAP) respiratory sup
port for three days. The conventional radiological examination did not 
show any anomalies in thoracic bones (Fig. 3C), and cranial dys
morphism was not described. Abdominal sonography did not reveal 
organ malformations. The motor development of our patient was 
delayed, while speech and mental development were not affected. He 
started crawling at 13 months and learned to run with help at 17 
months; however, his gait was very unstable. Free walking was possible 
at 26 months. The patient was presented to our Social Pediatric Center, 
where mild muscular hypotonia, lumbar hyperlordosis, and limitation of 
elbow extension (5◦) were diagnosed. Genu varum was treated with 
thigh-length night positioning splints and thigh-length walking orthoses 
with knee joint. He showed a slight improvement in motor development 
with age, while mild muscular hypotonia remained. The family came to 
our Institute for Human Genetics and Genomic Medicine when the pa
tient was ten months young (Fig. 2B–E). 

When the last documented examination took place at 23 months of 
age, his height was 74 cm (<1st percentile, Z = − 3.89), which corre
sponds to significant growth retardation. The weight was also consid
erably diminished (8 kg, <1st percentile, Z = − 3.34), while the head 
circumference was in the normal range (49 cm, 69th percentile, Z =
0.49). Conventional radiological examinations of the pelvis with age of 
26 months could not delimit epiphyseal nuclei and showed regular 
horizontal position of the acetabulum without criteria of hip dysplasia. 
Bilateral dysplasia of the metaphysis of the proximal femur was 
observed. The lateralization of the bony proximal femur suggests a 
pronounced coxa vara in this context which was confirmed in the sub
sequent MRI where the whole femoral head and neck are cartilaginously 
created. With the current imaging, it is not yet possible to assess whether 
a femoral neck pseudarthrosis is present or will develop (Fig. 3A, B). The 
patient's parents and brother do not show any features of SD. The 

mother's height is 170 cm (85th percentile, Z = 1.031), and the father is 
174 cm tall (35th percentile, Z = − 0.399). Skeletal anomalies or a 
significantly reduced body height were also not observed in further 
relatives. The family originates from western Germany and Poland, 
respectively. 

2.2. Genetic analysis 

Genetic analyses were conducted following the local laws concerning 
genetic diagnostics. Peripheral blood samples of the patient were 
collected with the consent of the parents. For whole exome sequencing, 
the xGen Exome Research Panel v2.0 was used to enrich the patient's 
DNA sample according to the manufacturer's protocol (IDT, Coralville, 
IA, USA). Sequencing of the exome library was performed on a Next
Seq500 Sequencer with 2 × 75 cycles on a high-output flow cell. 
FastQfiles were generated with bcl2fastq2 (Illumina, San Diego, CA, 
USA). The automated SeqMule pipeline (v1.2.5) was used for alignment 
and variant calling (Guo et al., 2015). Variants were detected by the 
variant caller GATKLite UnifiedGenotyper. KGGSeq (v1.2) was applied 
for variant annotation and bioinformatics prioritization (Li et al., 2012). 
Synonymous variants and variants with a minor allele frequency (MAF) 
greater than 0.75 % in public databases (i.e., gnomAD) were excluded. 
Pathogenicity of variants was assessed according to ACMG (Richards 
et al., 2015). Segregation analyses were conducted by Sanger 
sequencing using an AB3500 platform (Applied Biosystems, USA). 

2.3. Protein structure analysis 

The three-dimensional human UFSP2 structure (Fig. 1A) was ob
tained via AlphaFold2 (Jumper et al., 2021) and further processed using 
UCSF Chimera (Pettersen et al., 2004). The colored multiple sequence 
alignment was designed with MView (Brown et al., 1998), and the linear 
protein structure was created using DOG 2.0 (Ren et al., 2009). 

Fig. 2. Photographs of the patient on the first day of life (A) and at ten months of age (B–E). At birth, our patient presented with shortened proximal extremities and a 
bell-shaped thorax (A). In the further course, his growth was delayed, and he showed a significantly reduced body size (B–E). 
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3. Results and discussion 

The diagnosis of SEMDDR was genetically confirmed when our pa
tient was 16 months young. Whole exome sequencing revealed a het
erozygous missense variant (NM_018359.3:c.905G>C, p.(Cys302Ser)) 
in the UFSP2 gene. The variant was confirmed de novo in segregation 
analyses and was neither reported in databases (dbSNP, gnomAD, 
ClinVar) nor in the literature. According to ACMG criteria, the variant 
was likely pathogenic (PM1, PM2, PP3, PP5) concerning SEMDDR, an 
autosomal dominant hereditary disease (Di Rocco et al., 2018). Also, 
disease-causing variants were not identified in more than 500 genes 
related to more than 700 SDs (Unger et al., 2023). 

The clinical presentation of our patient corresponds to the symptoms 
described in patients with SEMD. Patients usually become apparent with 
disproportionate short stature and epimetaphyseal dysplasia. Compli
cations, such as premature osteoarthritis and atlantoaxial instability, 
may occur during the disease. SEMDDR is a subgroup of SEMD, first 
described by Di Rocco et al., caused by a heterozygous missense variant 
in the UFSP2 gene (NM_018359.3:c.1277A>C, p.(Asp426Ala)) (Di 
Rocco et al., 2018). Here, a three-year-old Italian girl presented with 
short stature, waddling gait, mild genu varum, and leg pain. Radiolog
ical examinations revealed epiphyseal and metaphyseal dysplasia. Her 
mother and grandmother showed similar symptoms and had to undergo 
hip joint replacement at 27/28 years and 48/49 years, respectively. The 
second report of a missense variant in the UFSP2 gene (NM_018359.3: 
c.1283A>G, p.(His428Arg)) in combination with similar symptoms is 
about an eight-year-old Chinese boy with progressive lesions in verte
brae, pelvis, and ankle as well as mild facial dysmorphism (Zhang et al., 
2020). Initially, a heterozygous missense variant (NM_018359.3: 

c.868T>C, p.(Tyr290His)) affecting the UFSP2 gene was identified in a 
large South African family of European descent with BHD (Watson et al., 
2015). In contrast to SEMDDR, BHD is characterized by isolated pre
mature degenerative osteoarthritis of the hip joints lacking additional 
skeletal anomalies. An overview of pathogenic variants in the UFSP2 
gene related to SD and the respective clinical features is given in Table 1. 

All of the UFSP2 variants related to SD are located in the C-terminal 
catalytic domain of UFSP2 (Fig. 1A, C). UFSP2 participates in UFM1 
maturation and therefore plays a significant role in the UFM1 pathway, 
which is involved in various diseases because of its diverse functions in 
the cell cycle, e.g., DNA repair, autophagy, and ER stress response 
(Witting and Mulder, 2021). Pathogenic variants in two of three com
ponents of the catalytic triad (Asp426 and His428) have already been 
associated with patients with SEMDDR (Di Rocco et al., 2018; Zhang 
et al., 2020). We here describe a patient with SEMDDR and a variant in 
the third part of the catalytic triad (Cys302). This supports the impor
tance of a completely intact active site of UFSP2 for physiological bone 
development. 

The Cys302 residue is highly conserved across species (Fig. 1B), and 
previous studies revealed a complete loss of UFSP2 function when the 
conserved cysteine residue was replaced by serine (Kang et al., 2007). 
Although the codon of Cys302 is located in exon 8 of the UFSP2 gene, 
thus within the same exon as the BHD-related Tyr290, the phenotype of 
Cys302-related SD is similar to SEMDDR caused by pathogenic variants 
in Asp426 and His428 located in exon 11. The three-dimensional 
structure of UFSP2 (Fig. 1A), where the residues are in close relation 
to each other in the active site, and the identification of the catalytic 
triad consisting of Cys302, Asp426, and His428 corresponds to the 
clinical presentation of a more severe phenotype when components of 

Fig. 3. Radiological examinations. (A, B) X-ray and MRI of the pelvis at 26 and 27 months, respectively. Conventional radiological examinations of the pelvis could 
not delimit epiphyseal nuclei and showed a regular horizontal position of the acetabulum without criteria of hip dysplasia. Coxa vara was confirmed in the sub
sequent MRI, where the whole femoral head and neck were cartilaginously created. (C) X-ray of the thorax of our patient on the first day of life. The thoracic bones 
did not show alterations. 
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Table 1 
Genetic and clinical data of our patient compared to the patients of Zhang et al. (2020), Di Rocco et al. (2018), Cilliers and Beighton (1990), and Watson et al. (2015).   

Our patient Patient of Zhang et al. Patients of Di Rocco et al. Patients of Cilliers and 
Beighton and Watson et al. 

Identified 
mutations 

NM_018359.3:c.905G>C 
p.(Cys302Ser) 
Exon 8 
(hg38) 

NM_018359.3:c.1283A>G 
p.(His428Arg) 
Exon 11 
(hg38) 

NM_018359.3:c.1277A>C 
p.(Asp426Ala) 
Exon 11 
(hg38) 

NM_018359.3:c.868T>C 
p.(Tyr290His) 
Exon 8 
(hg38) 

Zygosity Heterozygous Heterozygous Heterozygous Heterozygous 
Diagnosis Spondyloepimetaphyseal dysplasia, 

Type di Rocco (SEMDDR) (OMIM# 
617974) 

Spondyloepimetaphyseal dysplasia, 
Type di Rocco (OMIM# 617974) 

Spondyloepimetaphyseal dysplasia, 
Type di Rocco (OMIM# 617974) 

Beukes hip dysplasia (BHD) 
(OMIM# 142669) 

Inheritance Autosomal dominant (de novo) Autosomal dominant (de novo) Autosomal dominant (inherited) Autosomal dominant 
(inherited) 

Further genetic 
tests 

Exclusion of Kagami-Ogata syndrome, 
SHOX deletion, normal Array-CGH 

Gene screening for dwarfism: 
heterozygous variant c.1198G>A (p. 
Ala400Thr) of the GALNS gene 
(NM_000512) not the primary cause of 
the patient's symptoms 

/ Chromosomes normal in ten 
affected individuals 

Sex Male Male Three females (a girl, her mother, and 
grandmother) 

24 females, 23 males 

Time of birth Born at term Born at term Girl born at 33rd gestational week / 
Height at birth 

(cm) 
49 50 45 (65th percentile) / 

Height (Z- 
score) 

− 1.06 − 0.22 / / 

Weight at birth 
(g) 

3585 3300 2020 (45th percentile) / 

Weight (Z- 
Score) 

0.38 − 0.05 / / 

Head 
circumference 
at birth 

37.5 / / / 

Head 
circumference 
(Z-score) 

2.39 / / / 

Age at last 
examination 

23 months Eight years Three years / 

Height (cm) 74 103 87.8 / 
Height (Z- 
score) 

− 3.89 − 5.06 − 1.94 / 

Clinical findings Polyhydramnios, bell-shaped thorax, 
disproportionate rhizomelic short 
stature, genu varum, lumbar 
hyperlordosis, limited elbow extension, 
muscular hypotonia, gait instability 

Short stature, waddling gait, genu 
varum, aggravation of growth disorder 
and joint pain with time, progressive 
lesions in vertebrae, pelvis, hip, femur, 
ankle 

Girl: onset of leg pain in the second year 
of life, waddling gait, short stature, 
mild genu varum 
38-year-old mother: 135 cm (SDS -4.5), 
congenital luxation of the hip at birth, 
waddling gait and painful joints with 
restricted mobility in childhood, genu 
varum since the age of 5 years, hip 
replacements at the age of 27 and 28 
years 
67-year-old grandmother: 142 cm (SDS 
-3.7), waddling gait, painful joints with 
restricted mobility since childhood, 
genu varum since the age of 10 years, 
hip joint replacement at the age of 48 
and 49 years 

Hip discomfort (before age 
two years in 24 persons, one 
at the age of 35 years), 
progressive deterioration, 
gait disturbance, secondary 
degenerative arthropathy in 
early adulthood, average 
stature, minimal involvement 
of other joints and the 
vertebral bodies (except for 
one young adult with severe 
kyphoscoliosis that 
necessitated spinal fusion), 
prosthetic joint replacement 
in some adults 

Facial 
dysmorphism 

/ Nasal bridge collapse, dysplasia of 
nostrils 

/ / 

Radiological 
findings 

X-ray: bilateral epiphyseal nuclei of the 
femoral head conventional 
radiographically not delimitable, 
marked dysplasia of the metaphyses 
with malposition and misconfiguration 
of the metaphyseal areas of proximal 
bilateral femurs; no alterations of the 
thoracic bones 
MRI: deformed cartilaginous epiphyses 
of the proximal femurs, dysplastically 
deformed femoral metaphyses on both 
sides, no luxation, coxa vara 

Delayed carpal bone age (progressively 
worsening), X-ray: backward 
protruding thoracic vertebrae, multiple 
fish mouth-like and bullet-like changes 
in thoracic and lumbar vertebrae, 
widening of the anterior segments of 
multiple ribs, deformed pelvis, shallow 
and irregular acetabulum bilateral, 
epiphysis of bilateral femoral head not 
delimitable, upper end of femur shifted 
irregularly outward and upward, 
ischemic necrosis of epiphysis of 
bilateral femoral head and dislocation 
of bilateral hip joint were suspected, 
slight swelling and deformity of 
shoulder and elbow joints, talus and 
calcaneus irregularly shaped 

Girl: absence of ossification nucleus of 
the proximal femoral epiphysis, 
irregular profile of femur neck and 
acetabular roof, metaphyseal dysplasia 
of distal femur and proximal tibia, mild 
vertebral abnormalities, absence of epi- 
and metaphyseal anomalies in upper 
limbs, delayed carpal bone age 
Mother: absence of femoral capital 
epiphysis, metaphyseal involvement of 
distal femur and proximal tibia and 
vertebral bodies slightly flattened, coxa 
vara, osteoarthropathy in particular of 
wrist and shoulder, progressive spine 
involvement 

Early childhood: broadening 
of the femoral necks, late 
appearance of the secondary 
ossification center of the 
femoral head, irregular 
appearance of the proximal 
epiphyseal line of the femur 
Mid childhood: flat femoral 
heads (coxa plana) with 
broadening of the femoral 
necks, adaptation of the 
acetabulum to the malformed 
femoral head, supero-lateral 
displacement of the femoral 
head, irregular appearance of 
the greater trochanteric 
epiphyses 
Adulthood: coxa plana, 

(continued on next page) 
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the catalytic triad are affected. Looking in more detail at the catalytic 
reaction, the catalytic cysteine is responsible for a nucleophilic attack on 
the carbonyl carbon of the peptide bond, the histidine facilitates a 
proton transfer, and the transition state is stabilized by the aspartate (Ha 
et al., 2011). In contrast, Tyr290 is part of the oxyanion hole, another 
vital component of the active site formed by the backbone amide of 
tyrosine and catalytic cysteine. Oxyanion holes are present in papain- 
like proteases, such as cysteine proteases, serine proteases, and li
pases, and stabilize the oxyanion transition state during the catalytic 
reaction. However, the exact molecular mechanism of SD caused by 
impaired UFSP2 function has not been deciphered yet. From genotype- 
phenotype correlations, we can assume that pathogenic variants 
affecting the catalytic triad lead to a more severe phenotype (SEMDDR) 
than variants in Tyr290, which participates in forming the oxyanion 
hole. There are similarities between BHD and SEMDDR regarding 
radiographic alterations of the femoral head and neck and the proximal 
femoral epiphysis, resulting in premature degenerative osteoarthritis of 
the hip joints. In contrast, patients with SEMDDR additionally show 
metaphyseal dysplasia, more frequent vertebral involvement and lesions 
affecting additional parts of the skeletal system, such as ribs, pelvis, and 
ankle. An essential difference between those two UFSP2-related entities 
is disproportionate short stature, which is only present in SEMDDR. 

Identifying the genotype of patients with SE(M)D helps establish a 
definite diagnosis, as there is a phenotypic overlap between the different 
entities. For example, autosomal dominant COL2A1-related spondyloe
piphyseal dysplasia congenita (SEDC, OMIM# 183900) (Terhal et al., 
2015) and SEMD-S (Tiller et al., 1995) are characterized by neonatal 
severe disproportionate short stature and short extremities. Hypoplastic 
epiphyses of the long bones and poor ossification of the pubic bones and 
the vertebrae are radiographic features of both SEDC and SEMD-S. At the 
same time, only patients with SEMD-S develop metaphyseal dysplasia in 
the first year of life. Coxa vara, which occurred in our patient and one 
individual with SEMDDR reported by Di Rocco et al. (Di Rocco et al., 
2018), is also known in patients with SEMD-S. Considering the radio
graphic characteristics (coxa vara, epiphyseal and metaphyseal 
dysplasia) and the clinical presentation (e.g., disproportionate short 
stature), the phenotype of SEMD-S and SEMDDR overlaps to a certain 
extent. However, patients with SEMD-S (and SEDC) show characteristic 
facial features (hypertelorism, flat profile, Pierre Robin sequence), 

myopia, and hearing loss, all of which are absent in SEMDDR. Currently, 
it is not clear whether UFSP2-related SEMD entails the risk of atlan
toaxial instability found in patients with SEMD-S (Amirfeyz et al., 2006). 
Nonetheless, this possibly life-threatening complication should be 
considered in patients with SEMDDR, taking into account the pheno
typic overlap of those two entities. 

Long-term support of patients with BHD and SEMDDR requires 
particular attention to premature osteoarthritis, as many adults had to 
undergo early prosthetic joint replacement. In addition, joint pain must 
be evaluated and treated to avoid a significant reduction in quality of 
life. Facial dysmorphism was not observed in patients with SEMDDR 
except for the eight-year-old Chinese boy, who presented with nasal 
bridge collapse and dysplasia of the nostrils (Zhang et al., 2020). 
Whether the polyhydramnios and the bell-shaped thorax observed in our 
patient at birth, as well as the delayed motor development and mild 
muscular hypotonia, are related to the identified likely pathogenic 
UFSP2 variant remains unclear. Those additional clinical features might 
be considered specific for pathogenic UFSP2 variants affecting the cat
alytic Cys302; however, this supposition has to be proven by further 
evaluation of patients with similar genetic alterations. 

In summary, this is the first report of a patient diagnosed with 
autosomal dominant SEMD caused by a likely pathogenic variant 
affecting the catalytic Cys302 of UFSP2. Given the different clinical and 
radiological features of the distinct pathogenic UFSP2 variants, the 
description of our patient will help improve the characterization, diag
nosis, and clinic accompaniment for patients with UFSP2-related SD. 
Clinical follow-up studies are required to maintain targeted support for 
patients with SEMDDR, also in adulthood. 

Accession numbers 

National Center for Biotechnology Information. ClinVar; 
[VCV001098423.2], https://www.ncbi.nlm.nih.gov/clinvar/variation 
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Table 1 (continued )  

Our patient Patient of Zhang et al. Patients of Di Rocco et al. Patients of Cilliers and 
Beighton and Watson et al. 
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head, shallow acetabulum 
with superior migration, 
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supero-lateral displacement 
of the femoral head, 
overgrowth of the greater 
trochanter in a supero-medial 
direction, early signs of 
secondary osteoarthrosis 
Older adult patients: more 
advanced secondary 
osteoarthrosis with 
pronounced periarticular cyst 
formation and prominent 
periarticular sclerosis, 
extreme narrowing of the 
joint space, severe destruction 
of the femoral head 

Motor 
development 

Delayed Normal Normal / 

Cognitive and 
speech 
development 

Normal Normal Normal /  

L. Mattern et al.                                                                                                                                                                                                                                 

https://www.ncbi.nlm.nih.gov/clinvar/variation/VCV001098423.2
https://www.ncbi.nlm.nih.gov/clinvar/variation/VCV001098423.2


Bone Reports 18 (2023) 101683

7

review & editing, Visualization, Formal analysis. Heide Delbrück: 
Writing – review & editing, Visualization. Petra Holschbach: Writing – 
review & editing. Silvia Schröder: Writing – review & editing. Sabine 
M. Schacht: Writing – review & editing. Ingo Kurth: Writing – review & 
editing, Resources. Miriam Elbracht: Writing – review & editing, Su
pervision, Conceptualization. 

Declaration of competing interest 

None. 

Data availability 

The data that has been used is confidential. 

Acknowledgement 

Written informed consent was obtained from the parents for publi
cation of this case report. 

References 

Amirfeyz, R., Taylor, A., Smithson, S.F., Gargan, M.F., 2006. Orthopaedic manifestations 
and management of spondyloepimetaphyseal dysplasia strudwick type. J. Pediatr. 
Orthop. B 15, 41–44. https://doi.org/10.1097/01202412-200601000-00009. 

Brown, N.P., Leroy, C., Sander, C., 1998. MView: a web-compatible database search or 
multiple alignment viewer. Bioinformatics 14, 380–381. https://doi.org/10.1093/ 
bioinformatics/14.4.380. 

Cilliers, H.J., Beighton, P., 1990. Beukes familial hip dysplasia: an autosomal dominant 
entity. Am. J. Med. Genet. 36, 386–390. https://doi.org/10.1002/ 
ajmg.1320360403. 

Di Rocco, M., Rusmini, M., Caroli, F., Madeo, A., Bertamino, M., Marre-Brunenghi, G., 
Ceccherini, I., 2018. Novel spondyloepimetaphyseal dysplasia due to UFSP2 gene 
mutation. Clin. Genet. 93, 671–674. https://doi.org/10.1111/cge.13134. 

Guo, Y., Ding, X., Shen, Y., Lyon, G.J., Wang, K., 2015. SeqMule: automated pipeline for 
analysis of human exome/genome sequencing data. Sci. Rep. 5, 14283. https://doi. 
org/10.1038/srep14283. 

Ha, B.H., Jeon, Y.J., Shin, S.C., Tatsumi, K., Komatsu, M., Tanaka, K., Watson, C.M., 
Wallis, G., Chung, C.H., Kim, E.E., 2011. Structure of ubiquitin-fold modifier 1- 
specific protease UfSP2. J. Biol. Chem. 286, 10248–10257. https://doi.org/10.1074/ 
jbc.M110.172171. 

Jumper, J., Evans, R., Pritzel, A., Green, T., Figurnov, M., Ronneberger, O., 
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