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A B S T R A C T   

Background: Proteoglycans (PGs) are complex macromolecules consisting of a core protein and glycosamino-
glycan (GAG) side chains. PGs are important for the constitution and functioning of the connective tissue. The 
normal composition of the GAG side chains defines the nature of the PGs and a wide range of biological events. 
Deficiencies of specific enzymes involved in the linkage of GAGs to the core protein to form functional PGs, lead 
to a heterogeneous disease group called Linkeropathies. This is a group of multisystem conditions characterized 
by different phenotypes that include skeletal dysplasia and various extra-skeletal features: developmental delay/ 
intellectual disability, ophthalmological abnormalities including blue sclerae, facial characteristics, cardiac de-
fects, abdominal wall defects (hernias), cutis laxa, hypermobility and hypotonia. The conditions show variable 
severity and often overlapping phenotypes. The enzyme β-1,3-glucuronyltransferase 3, encoded by B3GAT3, is 
involved in the linkage process to form functional PGs. Biallelic pathogenic variants in B3GAT3 hence lead to 
Linkeropathy due to loss of function or decreased activity of this enzyme. 
Patient presentation: We describe a 22-year-old female patient, born of consanguineous parents. The disease 
history includes congenital severe joint malalignment of elbows, hips, knees and feet, hypermobility, severe 
kyphoscoliosis, osteoporosis with multiple fractures in childhood, congenital diaphragmatic hernia, minor dental 
anomalies, digital malformations, and characteristic facial features. 
Whole exome sequencing was performed, and homozygosity for a novel in-frame deletion in B3GAT3, 
(c.61_63delCTC (p.(Leu21del))) was detected. Both unaffected parents (double second cousins) were shown to be 
heterozygous carriers. 
Conclusion: This is the first report to describe homozygosity for this specific in-frame deletion in B3GAT3 (p. 
(Leu21del)). We present a young adult phenotype and a summary of previous reported patients with other 
biallelic B3GAT3-variants for comparison. Previously described patients of B3GAT3-deficiency were, however, 
all children with phenotypes ranging from prenatal manifestation and early lethality to less severe. We suggest 
that this novel homozygous in-frame deletion in B3GAT3 may be the cause of a recessive form of Linkeropathy.   
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1. Introduction 

Proteoglycans (PGs) are complex macromolecules, that are widely 
distributed in the extracellular matrix and on the surface of cells 
constituting the connective tissue (Mizumoto et al., 2013). PGs are 
composed of a core protein with one or more side chains of glyco-
saminoclycans (GAGs) (Mizumoto et al., 2015). The core proteins of PGs 
are initially produced in the endoplasmic reticulum, and GAG side 
chains are constructed in the Golgi complex (Baasanjav et al., 2011; 
Bloor et al., 2017) and added to the core proteins via linkage regions, 
synthesised by various enzymes. The composition of the GAG side chains 
defines the nature of the PGs and a wide range of biological events. 
These include cell signalling, cell proliferation, tissue morphogenesis, 
and interactions with various growth factors (Mizumoto et al., 2015; 
Baasanjav et al., 2011). 

Defects in the five known enzymes responsible for linkage of GAGs to 
the core protein to form functional PGs lead to a multisystem, hetero-
geneous group of disorders called Linkeropathies (LKs). These five 
linkage enzymes cannot substitute for each other (Baasanjav et al., 2011; 
Ritelli et al., 2019). In the literature the LKs have been described to 
include the more specific diseases Desbuquois dysplasia type 2 (XYLT1), 
spondylo-ocular syndrome (XYLT2), spondylodysplastic Ehlers-Danlos 
syndrome (EDS) (B4GALT7 and B3GALT6), and diseases caused by the 
LK gene B3GAT3 (Ritelli et al., 2019; Arunrut et al., 2016; Colman et al., 
2019). According to the 2019 revised nosology and classification of 
genetic skeletal disorders (Mortier et al., 2019), “B3GAT3 deficiency” is 
used as name of the disorder involving pathogenic variants in B3GAT3. 
The disorder is grouped with dysplasia with multiple joint dislocations 
and described as a Multisystem Linkeropathy including osteopenia with 
fractures (osteogenesis imperfecta-like) and dislocations (Larsen-like) and 
developmental delay. Ritelli et al. (2019) suggested that due to substantial 
phenotypic overlap, the Linkeropathy group of disorders should be 
considered as a phenotypic continuum bridging EDS and skeletal dis-
orders including the B3GAT3 deficiency, rather than distinct entities. 

B3GAT3 is localized to the human chromosome 11q12-q13. The 
predominant transcript encodes 335 amino acids producing the enzyme 
β-1,3-glucuronyltransferase 3 (OMIM *606374), that catalyses the syn-
thesis of a specific glycosaminoglycan-protein linkage region of PGs 
(Kitagawa et al., 1998). Kitagawa et al. (2001) found ubiquitous 
expression of the B3GAT3 transcript, with markedly different expres-
sions in the human tissues examined. Highest levels of expression were 
detected in the brain, placenta and liver, and lower levels detected in 
heart, lung, skeletal muscle, kidney, and pancreas (Kitagawa et al., 
2001). Baasanjav et al. (2011) investigated B3GAT3 expression in tissue 
from new-born mice. They detected expression in fibroblasts of skin, 
aorta and bone, including osteoclasts and highest levels in osteoblasts. 
Furthermore, linkeropathy-patient derived fibroblasts demonstrated a 
significant reduction of glucuronyltransferase activity compared to the 
wild type (Baasanjav et al., 2011). 

Biallelic genomic alterations of B3GAT3 (homozygosity or com-
pound heterozygosity) leads to a group of syndromes characterized by 
multisystem disorders with different phenotypes, previously described 
as resembling Larsen-, Antley-Bixler-, Shprintzen-Goldberg-, and Ger-
oderma osteodysplastica-like syndromes (Ritelli et al., 2019). Clinical 
manifestations include variable skeletal dysplasia comprising short 
stature, kyphoscoliosis, deformity of long bones or foot deformities, 
spatulate distal phalanges, joint hypermobility/joint laxity, joint dislo-
cation and contractures, osteoporosis/-penia, and fractures. Other 
phenotypic features include developmental delay/intellectual disability, 
blue sclerae, ophthalmological defects, facial characteristics, cardiac 
defects, hernias, cutis laxa, and hypotonia (Table 1). The disorders show 
variable severity and often overlapping phenotypes. 

We present an adult patient with homozygosity for a previously 
unreported in-frame deletion in B3GAT3. This is the first in-frame 
B3GAT3 deletion suspected to be disease-causing. In addition, we 
compare with and discuss previously reported patients with other 

biallelic B3GAT3-variants. 

2. Clinical report 

A now 22-year-old Danish female patient, born as the first child of 
healthy, double second cousins (mother 26 years of age, father 29 years 
of age) presented with phenotypical features suggestive of osteogenesis 
imperfecta (OI) and/or Ehlers Danlos Syndrome (EDS) during the first 
years of life. Pregnancy and antenatal routine examinations were 
normal; delivery was uncomplicated and at term; birth-weight and 
-length were normal (3190 g (− 0.5 SD) and 52 cm (+1 SD)). Neonatally, 
the patient was diagnosed with bilateral talipes equinovarus, bilateral 
dysplasia and dislocation of the hip, dislocation of the elbows, dia-
phragmatic hernia, and malrotation of duodenum with constriction of 
the ductus choledocus. During the first year of life, the patient was 
diagnosed with mild hypotonia, joint malalignment, severe hypermo-
bility of joints, kyphoscoliosis, and radiographic changes with negative 
ulna variance and dysmorphic distal phalanges (x-ray: 5th digit short 
and radially-volar pointing). The patient had recurrent episodes of 
luxation of shoulders, hips, knees and kneecaps with MRI showing 
bilateral congenital absence of the anterior cruciate ligament. Despite 
severe hypermobility, joint contractures were present and worsening 
over time, and some were irreversible (especially elbows and hips). 
Furthermore, the patient experienced several fractures (six before the 
age of 11), including bilateral distal femoral metaphyseal fractures, hip 
fracture, antebrachium fracture and fracture of the first toe. The patient 
was diagnosed with low bone mineral density for chronological age 
before the age of 1 (DEXA initially: Z-score = -1.43; lowest value over 
the years: Z-score = -4.8) (Hologic database standard references). Over 
the years the patient developed soft and velvety skin, but no excessive 
bruising or scaring were seen. Fig. 1A–E shows some of the radiographic 
changes at different ages. Fig. 2 shows the facial features (Fig. 2A) as 
well as the severe kyphoscoliosis prior to and after surgery (Fig. 2B and 
C) and hand and foot deformities (Fig. 2D). 

Facial characteristics (Fig. 2A) included high anterior and low pos-
terior hairline, thick eyebrows, down-slanting palpebral fissures, 
depressed nasal bridge, mild midfacial retrusion, microstomia, promi-
nent chin with horizontal crease, and a short broad neck. Ophthalmo-
logical findings included slight blue sclera and hypermetropia. Prior to 
orthodontic treatment the patient had crowding of teeth and maloc-
clusion. In addition, the patient had agenesis of one permanent pre-
molar, mildly discoloured teeth with diffusely demarcated white 
opacities, but no signs of dentinogenesis imperfecta (DI). The patient 
received orthodontic treatment and extraction of three premolars and 
one deciduous molar 17 years old. Furthermore, the patient had reduced 
maximum opening capacity of the jaws. Ultrasound of the heart, kidneys 
and urinary tract were normal. MRI of the brain at age six years showed 
discrete gliosis in the right periventricular region, but was otherwise 
normal. Normal collagen electrophoresis and gene sequencing could not 
confirm a diagnosis of arthrochalsia type EDS (aEDS: COL1A1 and 
COL1A2 normal), kyphoscoliotic type EDS (kEDS: PLOD1 and FKBP14 
normal), or musculocontractural type EDS (mcEDS: CHST14 normal). 

Calcium and vitamin D supplementation was instituted from very 
early age (dose adjusted to age, DEXA scan and the level of calcium and 
vitamin D as measured in blood); the daily doses over the last years have 
been stable: 26.67 μg vitamin D and 533 mg calcium. Treatment with 
bisphosphonates was initiated at age of 2 years. Initially, Pamidronic 
acid was administered biannually. At age 14, Pamidronic acid treatment 
was substituted with biannual infusions with Zoledronic acid. At age 19, 
treatment was changed to yearly Zoledronic acid infusions. Compliance 
was generally good. An increase in bone mass density (BMD) was 
observed following bisphosphonate treatment, and the patient experi-
enced no fractures after the age of 11. The treatment also alleviated the 
patient from pain. Bone density at last DEXA evaluation at age 14 years 
showed Z-scores of L: − 3.0 and H: − 3.9. Due to surgical insertion of 
osteosynthesis material in the spine, DEXA was not performed routinely 
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Table 1 
Summary of the clinical and radiographic features in new and previously reported patients with biallelic B3GAT3 mutations.   

Bolund 2021 
Patient 
reported here 
(N = 1) 

Ranza et al., 
2017 (N = 3) 

Job et al., 2016 
(N = 1) 

Alazami et al., 
2016 (N = 1) 

Budde et al., 
2015 (N = 8) 

Yauy et al., 
2018 (N = 6) 

Jones et al., 
2015 (N = 1) 

Colman 
et al., 2019 
(N = 2)  

Ritelli et al., 
2019 (N = 1) 

Byrne et al., 
2020 (N = 1) 

von 
Oettingen 
et al., 2014 
(N = 1) 

Baasanjav 
et al., 2011 
(N = 5) 

Bloor et al., 
2017 (N = 1) 

Case no. 1 3 1 1 8 6 1 1 1 1 1 1 5 1 
Sex female/male Female NR Male NR 6 male/2 

famale 
NR Male Male Female Female Female Male 3 male/2 

female 
Female 

Ethnicity Danish Tunesia and 
Turkey 

Northern 
European 

NR Indonesian 
island of Nias 

NR Mexican Indian Turkish Italian Australian United Arab 
Emirates 

United Arab 
Emirates 

Caucasian 

Age at 
examination 

22 years 4 years, 23 
mo and 12 
years 

6 years NR Clan of 4 
adult siblings 
and 4 child 
siblings 

6/6 < 1 year 1 year 19 days 13 years 13 years Newborn 5 years 5 child 
siblings 

4 years 

Consanguineous 
parents 

+ + + NR + + + + + - - + + - 

B3GAT3 variant 
(s)# 

homozygous 
c.61_63delCTC 

homozygous 
c.65A > G; 
c.416C > T; 
c.577G > T 

compound 
heterozygous 
c.1A > G c.671T 
> A 

homozygous 
c.245C > T 

homozygous 
c.419C > T 

homozygous 
c.667G > A 

homozygous 
c.667G > A 

homozygous 
c.667G > A 

homozygous 
c.416C > T 

compound 
heterozygous 
c.481C > T 
c.889C > T 

compound 
heterozygous 
c.505C > T 
c.673C > T 

homozygous 
c.830G > A 

homozygous 
c.830G > A 

heterozygous 
c.888 + 262T 
> G# 

Protein change p.(Leu21del) p.(Tyr22Cys) 
p. 
(Met139Thr) 
p. 
(Ala193Ser) 

p.(Met1?) p. 
(Leu224Gln) 

p.(Pro82Leu) p. 
(Pro140Leu) 

p. 
(Gly223Ser) 

p. 
(Gly223Ser) 

p. 
(Gly223Ser) 

p. 
(Thr139Met) 

p. 
(Arg161Trp) 
p. 
(Arg297Trp) 

p. 
(Arg169Trp) 
p.(Arg225*) 

p. 
(Arg277Gln) 

p. 
(Arg277Gln) 

in the 
invariant 
“GT” splice 
donor site 

Skeletal dysplasia: 
Short stature cm 

(SD) 
- Adult 171 cm 
(median) 

2/3–1.5 SD 
(23 mo) − 7 
SD (12 y.o.) 

- 111 cm (*P13) + (NR) 8/8 (<*P3) 0/3 (3 NR) + (− 2,1 SD 
at 9 months) 

+

Birthlength 
46 cm 
(<*P3) 

+129,5 cm 
(− 5,3 SD) 

+130 cm 
(genetic 
target 169 
cm) 

+ +92,5 cm 
(− 3,4 SD) 

5/5 (<*P3) + (<2,5 SD) 

Kyphoscoliosis + 2/3 + - 4/8 1/5 (1 NR) - + + + + - - NR 
Deformity of long 

bones and foot 
deformities 

+ 2/3 + + (SEMD& +

multiple 
osteochondromas) 

6/8 (foot 
deformities 
only) 

6/6 + + + + (long and 
thin bones) 

+ + 5/5 (foot 
deformities 
only) 

+

Spatulate distal 
phalanges 

- 2/3 + NR 8/8 NR + + + + + + 5/5 NR 

Joint 
hypermobility/ 
laxity 

+ NR + NR 0/8 NR - + + + NR + 5/5 (fingers 
only) 

+

Joint dislocation + 3/3 + NR 8/8 3/5 (1 NR) - - + + + + 5/5 - 
Joint contractures + NR NR NR 4/8 6/6 + + + + + - 5/5 NR 
Fractures + NR + + NR 4/6 + + - - NR - NR - 
Osteoporosis/- 

penia (BMD 
lowest z-score) 

+ (− 4,8) 2/3 (NR) + (− 5,8) + (NR) NR NR + (NR) NA + (− 1,8 (at 
18 years)) 

+ (<2 SD) NA - (NR) + (NR) NR 

Other symptoms: 
Developmental 

delay/ 
Intellectual 
disability 

Mild 2/3 + NR - 0/3 (3 NR) + NA - - NA + 0/5 - 

Blue sclerae + 3/3 + NR NR NR + + + + NR - NR NR 
Ophthalmological 

defectsa 
+ NR + NR NR NR + + - + + + NR NR 

Facial 
dysmorphismb 

+ 3/3 + NR 8/8 +5/6 + + + + + + 5/5 +

Cardiac defectsc - 1/3 + NR 0/3 (5 NI) +3/6 + - NI + NR + 5/5 +

Herniad + NR - NR NR NR + NR NR + NR + NR NR 
Cutis laxa (soft and 

velvety skin) 
1/3 (elastic 
skin) 

(hyperextensible 
skin) 

+ NR - - + - + NR - - NR 

Hypotonia + NR + NR NR NR + NR NR + NR - NR NR 
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after the age of 14 years. Onset of puberty was normal. Adult height (age 
19 years) was 171 cm (normal for age, gender and ethnicity) and weight 
97 kg (+3 SD), corresponding to BMI: 33.2. 

Psychomotor development was delayed with walking independently 
and speaking at age three years. Present physical functioning (age 22 
years) is limited due to musculoskeletal pain, skeletal deformities and 
joint contractures, i.e. very short walking distances with crutches (25 
m), dependency of an electrical wheelchair, and 24-h support/home 
care. A tendency to obesity was present since the age of 12 years, 
probably partly explained by immobility. Intellectual functioning was 
considered to be with only mild delay. The patient attended normal 
primary school with a practical helper, and has recently completed a 
special needs youth education. Due to physical challenges, early 
retirement has been necessary. 

3. Methods and results 

Whole exome sequencing (WES) was performed on genomic DNA 
from peripheral blood leukocytes from the patient and both parents. 
Exons were targeted using Nimblegen MedExome and DNA sequencing 
was carried out using NextSeq 500 (Illumina). For >95% of the targeted 
region the coverage was >20X. Data analysis was performed as a trio 
using a local data pipeline and Ingenuity Variant Analyzer. Inheritance 
considered were De Novo and autosomal recessive (homozygosity and 
compound heterozygosity). The detected variant was confirmed using 
Sanger sequencing. 

Homozygosity for a trinucleotide deletion in B3GAT3 
([NM_012200.3]: c.61_63del, p.(Leu21del)), was detected. Heterozy-
gosity in both parents confirmed the variant to be present on both 
chromosomes (trans position). Heterozygosity for the variant was also 
detected in the 2 unaffected siblings (Fig. 3). The in-frame deletion is 
positioned in exon 1 of the gene. Estimated CADD score 23 (the average 
of all SNV scores for all spanning bases). This variant was not previously 
reported in HGMD (HGMD2020.3, queried on30th of August 2021), nor 
described in the frequency databases ExAC, gnomAD or 1000 genomes, 
but reported once in ClinVar (see discussion). According to the American 
College of Medical Genetics and Genomics (ACMG) guidelines (Richards 
et al., 2015) the variant is classified as a variant of uncertain significance 
(VUS/class 3) (applying criteria PM2, PM4, PP4). The functional effect 
of the in-frame deletion was predicted to be deleterious through the 
PROVEAN database (score − 3.29, (Cut-off ≤ − 2.5)) (Choi et al., 2012). 

4. Discussion 

We describe the phenotype in an adult patient with a history of 
congenital severe joint malalignment, hypermobility, severe kyphosco-
liosis, osteoporosis with multiple fractures, diaphragmatic hernia, minor 
dental anomaly, digital malformations, and characteristic facial fea-
tures. Homozygosity for a novel trinucleotide in-frame deletion in 
B3GAT3 (c.61_63del (p.(Leu21del))) was detected. 

Recently Ritelli et al. (2019) published a literature review on 
different Linkeropathy syndromes including B3GAT3-related disorders 
and reported one new patient. Furthermore, a literature review by 
Coleman et al. (Colman et al., 2019) from 2019 focused on 
genotype-phenotype relation of B3GAT3-related disorders, including a 
report of two new patients: one patient with a previously reported ho-
mozygous missense mutation in B3GAT3, and one patient with an un-
reported homozygous missense mutation in B3GAT3. In 2020, Byrne 
et al. (2020) described one new patient, clinically diagnosed with severe 
congenital pseudodiastrophic dysplasia and antenatal ultrasound at 13 
weeks’ gestation showing increased nuchal translucency, oedema and 
short femur lengths, which persisted in subsequent scans. The child was 
shown to be compound heterozygous for two novel B3GAT3 variants, 
one missense and one nonsense mutation. The unrelated parents of the 
child had previously experienced a stillbirth at 16 weeks gestation with 
similar phenotype; a retrospective diagnosis of the disorder was N
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possible, showing the same two bi-allelic variants in B3GAT3 (Byrne 
et al., 2020), illustrating the severity of the disease with prenatal 
manifestation and, in some patients, early lethality. 

Until now, a total of 31 patients with B3GAT3-related disorders have 
been described, and we report the 32nd. Table 1 summarizes the de-
mographic, clinical and radiographic features of our patient and all 
previously reported 31 patients (in order of genetic position of the 
pathogenic variants) described to this date: 29 with bi-allelic homozy-
gous or compound heterozygous missense B3GAT3-variants, one with 
bi-allelic compound heterozygous missense and nonsense B3GAT3-var-
iants, and one single patient with a heterozygous splice-variant, all 
leading to a spectrum of moderate to severe and overlapping connective 
tissue disorders. In contrast to the previously reported homozygous or 
compound heterozygous B3GAT3 variants (Baasanjav et al., 2011; 
Ritelli et al., 2019; Colman et al., 2019; Byrne et al., 2020; Yauy et al., 
2018; Alazami et al., 2016; Job et al., 2016; Jones et al., 2015; Budde 
et al., 2015; von Oettingen et al., 2014; Ranza et al., 2017), all missense 
or nonsense variants, we detected an in-frame deletion. The deleted 
leucine residue (p.(Leu21del)) is positioned in the transmembrane 
domain, that also contains the signal peptide of the protein. One can 
speculate, that this variant could influence the trafficking of the protein 
to the Golgi apparatus membrane rather than influencing the enzymatic 
catalytic activity. This could possibly explain the milder phenotype, 
including normal stature, observed in our patient compared with some 
of the other patients previously reported, presenting with more severe 
phenotypes, and some with a high mortality at very young age (Baa-
sanjav et al., 2011; Colman et al., 2019; Byrne et al., 2020; Yauy et al., 
2018; Jones et al., 2015; von Oettingen et al., 2014). No functional 
analyses were performed in our patient to confirm this, but should be 
considered with regards to an estimation of enzyme activity of the p. 
(Leu21del) variant. Enzyme activity for a few of the previously reported 
variants have been reported to be reduced to 0–10% compared with wild 
type (Colman et al., 2019; Byrne et al., 2020; Budde et al., 2015). 

The same deletion as reported here, has been reported as a VUS to 

ClinVar in a patient with multiple joint dislocations, short stature, 
craniofacial characteristics, and congenital heart defects (ClinVar # 
VCV001035403.1) (National Center for Biote, 1035). Furthermore, 
Ranza et al. (2017) reported a patient, clinically diagnosed with Larsen 
syndrome, with another homozygous variant (c.65A > G:p.(Tyr22Cys)) 
in the amino acid adjacent to the deletion we report, suggesting this 
region of the protein to be of functional importance. The patient re-
ported by Ranza et al. had very similar phenotype to our patient, except 
for additional growth hormone deficiency and very short stature (− 7 SD 
(12 y. o.)). Despite that the deletion is classified as a VUS according to 
ACMG guidelines, these additional reports are considered to support the 
clinical significance. 

Bloor et al. (2017) describe the only patient with a heterozygous 
splice-variant, which distinguishes it from the other patients. They hy-
pothesize that the resultant truncated protein, due to the altered 
splice-site, leads to incomplete biosynthesis of the linkage region of the 
PGs and inferring with a necessary dimerization, resulting in decreased 
enzyme activity. However, no functional studies were performed to 
confirm this hypothesis. Furthermore, it was not possible to identify the 
reported transcript, and overall we are unsure of the significance of their 
finding. 

Phenotypic differences in previously reported patients may addi-
tionally be partly due to diverse ethnicity and/or variability and modi-
fication of expressivity, but also due to the different pathogenic variants 
within B3GAT3 as described above. 

One of the most severe problems for our patient, with urgent need for 
treatment, was osteoporosis and the resulting multiple fractures. Oste-
oporosis and fractures were also reported in most of the previously re-
ported patients of Linkeropathies due to B3GAT3 variants (Baasanjav 
et al., 2011; Ritelli et al., 2019; Colman et al., 2019; Yauy et al., 2018; 
Alazami et al., 2016; Job et al., 2016; Jones et al., 2015), suggesting that 
low bone mass and skeletal fragility is a common feature in this condi-
tion. It is not known if the bone phenotype is associated with changes in 
bone turnover, bone matrix or primarily driven by insufficient bone 

Fig. 1. Fig. 1.1: Pelvis frontal view at age 4 
years and 7 months. The child had congenital 
hip dislocation with open reposition aged 17 
months. 
The radiograph shows small dysplastic ace-
tabuli, reduced height of the femoral epiph-
ysis, broad metaphysis with multiple growth 
recovery lines, coxa valga and thin diaphysis. 
The changes in the anterior inferior iliac 
spine region might be postoperative. 
Fig. 1.2: Left elbow, lateral view at age 10 
years. Congenital posterior dislocation of the 
radial head and 70◦ angulation between the 
ulnar olecranon and the ulnar diaphysis. 
Fig. 1.3: Right wrist and hand frontal view. 
13 years and 10 months. Delayed bone age. 
Negative ulnar variance. Distal convexity of 
the metaphysis in radius and ulna. Multiple 
growth recovery lines in the distal part of 
radius and ulna. Dislocation at the first car-
pometacarpal joint. Bending in a radial and 
volar direction of the distal phalanx in the 
fifth finger. Symmetrical findings in the left 
hand and wrist (image not shown). 
Fig. 1.4: Right foot at age 11 years and 1 
month. Skewfoot (hindfoot valgus and fore-
foot adduction). Medial subluxation in the 
first TMT joint. Hallux valgus. Cone shaped 
epiphysis in the proximal phalanges of the 
second to fifth toe. Symmetrical findings in 
the left foot. 
Fig. 1.5: Spine frontal view at age 8 years and 
1 month. Severe thoracolumbar scoliosis.   
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development and growth during childhood, due to immobilization. 
Treatment with bisphosphonates in our patient was associated with in-
creases in BMD, and no fractures after the age of 11; however, the 
additional influence of increasing weight, immobility in a wheelchair 
and normalised vitamin D and calcium status is unknown, but long-term 
complications and lifelong consequences seem inevitable. Treatment 
with bisphosphonates was also reported by Ritelli et al. (2019) for one 
patient, commenced at the age of 4 years due to severe low bone mineral 
density for sex and age (z-score < − 2 SD). At the age of 13 years DEXA 
showed severe osteopenia and delayed bone age, despite bisphospho-
nate treatment. However, no fractures were reported. Likewise, Jones 
et al. (2015) described a patient with severe phenotype with approxi-
mately 25 fractures in all four extremities and vertebrae during the first 
year of life. Bisphosphonate treatment was initiated around six months 

of age. The patient, however, continued to have fractures after six 
months of therapy. Job et al. (2016) reported bisphosphonate treatment 
for a patient (around the age of 4) with significant kyphoscoliosis and 
osteopenia. The patient had multiple fractures associated with little to 
no trauma. Bisphosphonate infusions were trialled but an increase in 
fractures was noted. 

Precise diagnosis is important in order to initiate early intervention 
and treatment. At present, no targeted medical treatment is available, 
and currently it seems that there is no evidence for the effect of 
bisphosphonate treatment in patients with B3GAT3 deficiency (Ritelli 
et al., 2019; Job et al., 2016; Jones et al., 2015); however, bisphosph-
onate treatment seemed to be efficient in our patient. Bisphosphonates 
inhibit recruitment and activation of the osteoclast, the bone resorbing 
cell, and therefore reduces bone resorption and subsequently bone 

Fig. 2. Figure 2.1-2.3: Mild fascial dys-
morphism at age 19 including high 
anterior and low posterior hairline, 
thick eyebrows, down-slanting palpe-
bral fissures, depressed nasal bridge, 
mild midfacial retrusion, microstomia, 
prominent chin with horizontal crease, 
and a short broad neck. 
Figure 2.4: Kyphoscoliosis at age 13 
prior to surgery. 
Figure 2.5-2.6: Diminished kyphosco-
liosis after surgery and hip contractures 
at the age of 19. 
Figure 2.7-2.9: Hand and foot de-
formities with short and radially-volar 
pointing 5th digit and hindfoot valgus 
and forefoot adduction, respectively.   
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formation. Based on the mechanism of action of bisphosphonates, it may 
not seem intuitive to treat conditions with very low bone mass and high 
incidence of fractures with bisphosphonates, but they have been 
demonstrated to effectively increase bone mass and reduce fracture risk 
in children and adults with structural bone diseases such as osteogenesis 
imperfecta, even in patients with low bone turnover (Bishop et al., 2013; 
Dwan et al., 2016). 

As pathogenic variants in B3GAT3 have previously been reported as 
causative for Linkeropathies, and the phenotytpe of our patient on most 
parameters overlap with these conditions, we find it likely that homo-
zygosity for the in-frame B3GAT3 deletion may be the cause of the 
multisystem phenotype seen in this patient. Our findings support that 
the Linkeropathy group of heritable connective tissue disorders should 
be considered as a phenotypic continuum as suggested by Ritelli et al. 
(2019). In our patient, however, due to consanguinity, we cannot 
exclude that some of the phenotypic features are caused by other ho-
mozygous variants than the detected in-frame B3GAT3 deletion. Exome 
sequencing, however, did not lead to other homozygous variants of 
likely pathogenicity. 

5. Conclusion 

We report homozygosity for a previously unreported in-frame dele-
tion in B3GAT3 in an adult patient with a phenotype suggestive of 
Linkeropathy. We describe the multisystem phenotype in details, and 
suggest that homozygosity for the B3GAT3 in-frame deletion (p. 
(Leu21del)) may be the cause of the recessive form of GAG Linkeropathy 
in this patient. 

A specific diagnosis is crucial for optimal clinical management 
including thorough clinical examination, medical treatment, and eval-
uation of prognosis. In the present paper we have expanded the 
phenotypic and genetic knowledge by describing an adult patient with 
the multisystem Linkeropathy “B3GAT3 deficiency”. As new medical 
treatments for rare skeletal dysplasia and other genetic conditions 
emerge, precise diagnosis is of even greater importance to secure timely 
and targeted treatment. In addition, a genetic diagnosis is crucial for 
accurate genetic counselling prior to family planning. 
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