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Abstract
Individuals affected with autosomal recessive cutis laxa type 2B and 3 usually show translucent skin with visible veins and
abnormal elastic fibers, intrauterine and/or postnatal growth restriction and a typical triangular facial gestalt. Here we
describe three unrelated individuals in whom such a cutis laxa syndrome was suspected, especially after electron microscopy
revealed immature and less dense dermal elastic fibers in one of them. However, one of these children also displayed optic
atrophy and two hypogammaglobulinemia. All had elevated liver enzymes and acute liver failure during febrile episodes
leading to early demise in two of them. The only surviving patient had been treated with immunoglobulins. Through exome
sequencing we identified mutations in NBAS, coding for a protein involved in Golgi-to-ER transport. NBAS deficiency
causes several rare conditions ranging from isolated recurrent acute liver failure to a multisystem disorder mainly
characterized by short stature, optic nerve atrophy and Pelger-Huët anomaly (SOPH). Since we subsequently verified Pelger-
Huët anomaly in two of the patients the diagnosis SOPH syndrome was unequivocally proven. Our data show that SOPH
syndrome can be regarded as a differential diagnosis for the progeroid forms of cutis laxa in early infancy and that possibly
treatment of the hypogammaglobulinemia can be of high relevance for the prognosis.
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Introduction

Genetic disorders with progeroid features are clinically
heterogeneous and the causative genetic defects can affect
different cellular processes. They are usually character-
ized by thin and translucent skin, atrophy of the sub-
cutaneous fat tissue, a typical facial gestalt and short
stature leading to the progeroid appearance. The disease
course and severity is variable ranging from the severe
Hutchinson Gilford progeria syndrome to the milder
progeroid conditions associated with cutis laxa due to
mutations either in ALDH18A1 encoding pyrroline-5-
carboxylate synthase (MIM; #138250) or PYCR1 encod-
ing pyrroline-5-carboxylate reductase 1 (MIM; #179035)
[1–5]. Besides the above mentioned features the latter
disorders are also characterized by intrauterine
growth restriction, cataracts or corneal clouding, and
variable developmental problems as well as movement
disorders. Both enzymes are localized within the mito-
chondria where they are involved in the conversion from
glutamic acid to proline [2, 5].

Another condition with intrauterine growth restriction
is SOPH (short stature, optic nerve atrophy and Pelger-
Huët anomaly) syndrome (MIM; #614800) due to NBAS
(Neuroblastoma amplified sequence) mutations [6–8].
The NBAS protein localizes to the Golgi apparatus
where it is involved in retrograde trafficking processes
[9]. Furthermore, there is evidence that NBAS is involved
in the nonsense mediated decay (NMD) pathway in
different species [10]. SOPH syndrome is a multisystem
condition mainly characterized by a severe growth
restriction leading to short stature, atrophy of the optic
nerve, Pelger-Huët anomaly and a variable degree of
liver disease [7]. Additionally, affected individuals show
elevated liver enzymes and hypogammaglobulinemia [6].
Multiple cases have been described presenting with a
highly variable phenotype. The first description of this
condition by Maksimova et al. demonstrated that the
homozygous missense mutation p.(Arg1914His) in the
Yakut population is the cause of the observed phenotype.
This mutation was also found frequently in other popu-
lations, usually in a compound heterozygous state with
other pathogenic alleles [6–8, 11, 12]. Interestingly,
mutations in NBAS can cause another condition leading
to isolated recurrent acute liver failure (ALF) (MIM;
#616483) [13–15]. This condition is characterized by
recurrent episodes of acute liver failure in early infancy.
In most cases liver failure was precipitated by febrile
episodes [14].

In the current study we report on three unrelated affected
individuals showing features compatible with these condi-
tions. However, in early infancy also a significant clinical
overlap with connective tissue disorders was observed.

Materials and methods

Patients

In this study we report on two affected individuals referred to
our centre due to a connective tissue condition with proger-
oid features. In the third patient a condition associated with
NBAS mutations was suspected, however, also in this case, a
clinical overlap with a connective tissue condition was
observed. The parents gave their written consent for mole-
cular testing and for publication of photographs in Fig. 1.
From patient 3 a skin biopsy was taken and blood smears
were analysed from patients 1 and 3. In all families, DNA
was isolated from peripheral blood samples. The ethical
board of the Charité-Universitaetsmedizin Berlin approved
the study (EA2/145/07).

Mutation screening

Sequencing of PYCR1 and ALDH18A1 was performed as
previously described in the DNA from the affected indivi-
duals 1 and 3 [2]. DNA samples from index patients 1 and 3
were enriched for exome Sequencing using the SureSelect
XT, Clinical research exome from Agilent. Next Generation
Sequencing was performed on a HiSeq 1500 system from
Illumina. Data were processed as described previously [16]
and variants were prioritized using the GeneTalk platform
[17]. The disease causing potential was evaluated using
MutationTaster, SIFT and Polyphen 2 [18]. In patient 2,
coding genomic regions were enriched with a SureSelect
Human All Exon Kit V6 (Agilent technologies, Santa Clara,
California) for subsequent sequencing as 2 × 125 bp paired-
end reads on an HiSeq2500 system (Illumina, San Diego,
California). Generated sequences were analyzed using the
megSAP pipeline (https://github.com/imgag/megSAP).
Clinical variant prioritization included different filtering
steps including a search for rare (MAF < 0.1% in ExAC,
gnomAD, 3,000 in-house exome datasets), recessive-type
variants according to an in-house standard operating
procedure. Potential disease-causing variants were validated
in all available DNA samples using Sanger Sequencing of
the affected exons and the flanking intron regions of
NBAS (NM_015909.3), using BigDye Terminator cycle
sequencing kit (Applied Biosystems) and run on ABI
3730 DNA Analyzer (Applied Biosystems). Additionally,
co-segregation analysis was performed using all available
parental DNA samples to confirm compound hetero-
zygosity. All primer sequences are available on request.

Electron microscopy

A skin biopsy of patient 3 from the upper arm/near
elbow was fixed overnight at room temperature in 3%
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glutaraldehyde solution in 0.1 M cacodylate buffer pH
7.4. It was cut into pieces of approximately 1 mm3,
washed in buffer, postfixed for 1 h at 4 °C in 1% aqueous
osmium tetroxide, rinsed in water, dehydrated through
graded ethanol solutions, transferred into propylene oxide,
and embedded in epoxy resin (glycidether 100). Semithin
and ultrathin sections were cut with an ultramicrotome
(Reichert Ultracut E). Semithin sections of 1 µm were
stained with methylene blue. 60–80 nm ultrathin sections
were treated with uranyl acetate and lead citrate, and
examined with an electron microscope.

Web Resources

Online Mendelian Inheritance in Man (OMIM) http://www.
ncbi.nlm.gov/Omim/ (for ARCL3A/B, DBS, SOPH, NBAS).

Results

Clinical presentation

Patient 1

The male affected individual was born to a non-
consanguineous couple from Turkey as their first child.
Birth parameters at 36 weeks of gestation were: weight:
1730 g (−2.5 SD), height: 44 cm (−2 SD), head cir-
cumference: 31 cm (−1.7 SD). At the age of seven months,
the patient showed a progeroid appearance due to a trian-
gular face with a high frontal hairline and proptotic eyes
with blue sclerae. Cranial X-ray showed a large anterior
fontanel (8 × 7 cm) and Wormian bones (Supplementary
Figure 1A, B). Additionally, the patient presented with
loose, redundant and thin skin leading to visibility of the
subcutaneous veins (Fig. 1a, d and Table 1). Furthermore, a
reduction of the subcutaneous fat tissue was documented.
Additional evaluation revealed a hepatomegaly and echo-
cardiography showed patent ductus arteriosus. His psy-
chomotor development was delayed: He was able to sit
without support at 32 months. He showed elevated values
for ALT (alanine aminotransferase), AST (aspartate ami-
notransferase) and alkaline phosphatase (AP) already at two
months of age and these enzymes remained increased till
32 months while gamma-glytamyl transferase was only
repeatedly raised (Supplementary Table 1). Humoral and
cellular immunity showed no alterations. The karyotype
was normal (46, XY). A condition associated with cutis
laxa was suspected. Diagnostic investigation of serum
transferrin and alpha-1-antitrypsin revealed no alteration of
glycosylation. Pelger-Huët anomaly was confirmed after
identification of the causative mutation (data not shown). At
2 years and 8 months the patient was referred to intensive

care unit. He showed severe febrile convulsions and strik-
ingly increased liver transaminases indicating hepatic
insufficiency (Supplementary Table 1). The patient died due
to this acute liver failure.

Patient 2

The male patient was born at 37 weeks of gestation to
healthy non-consanguineous Caucasian parents. Fetal
growth retardation was diagnosed. Birth weight was 2130 g
(−2.2 SD), length was 46 cm (−1.8 SD), head cir-
cumference was 32.5 cm (−1.3 SD). The Apgar scores were
9, 9, 10 at 1, 5, and 10 min, respectively. Fontanels were
found enlarged. Echocardiography showed VSD and ASD
II. Examination at 10 months revealed a weight of 7120 g

Fig. 1 Clinical appearance of the affected individuals. Individual 1 at
the age of 7 months, individual 2 at the age of 10 months, and indi-
vidual 3 at age of 19 years: a–c Affected individuals show a triangular
shape of the face, a prominent forehead due to a high frontal hairline,
and prominent ears. a, b Individuals 1 and 2 additionally show sparse
hair. Furthermore, they show thin skin on their forehead with visible
veins leading to a progeroid appearance. Note also hypertelorism in
individual 2. d–f The affected individuals also show translucent skin
leading to visible veins. g-i Affected individual 3. He shows severe
short stature and a short trunk and a general paucity of subcutaneous
fat tissue. j Granulocyte staining from the affected individual 3. The
control cells show a regular segmentation of the granulocyte nucleus.
However, the cells from the affected individual show a hypo-
segmentation of their nuclei in line with a Pelger-Huët anomaly
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(−2 SD), OFC of 46 cm (mean), a broad forehead with a
high frontal hairline, large fontanels, hypertelorism, thin lips
and bilateral clinodactyly V (Fig. 1b, e). Subcutaneous fat
was reduced and skin appeared thin and translucent
(Fig. 1e). His psychomotor development was delayed: he
started to sit at 8 months and to walk at 19 months. He
spoke his first words at the age of 16 months and further
speech development was delayed. At age of 20 months, the
patient had an acute infection followed by a liver crisis.
After this infection the liver enzyme levels remained ele-
vated. Results of liver biopsy testing revealed unremarkable
histology and no signs of any storage material. Hypo-
gammaglobulinemia was also documented. Short stature
and dystrophy were also observed at the age of 24 months:
weight was 10 kg (−2 SD), length 79 cm (−2.3 SD). OFC
was 49.5 cm (mean). When he had fever he developed
repeated episodes of acute liver failure and a liver trans-
plantation was considered but he died at 26 months with
signs of hepatic encephalopathy. Liver crisis was accom-
panied by massively elevated ALT 13330 U/l (normal,
<41 U/l), and AST 25310 U/l (normal, 30–71 U/l). Cranial
computer tomography revealed no brain abnormalities. A
radiograph of his thorax showed a hypoplastic left rib and
no further congenital abnormalities. Due to the recurrent

acute liver failure in association with the other clinical
manifestations we suspected a NBAS related condition.
Exome sequencing based diagnostics was initiated.

Patient 3

The patient is the first child of healthy unrelated Caucasian
parents. Growth retardation was seen prenatally. He was
born at 37th week of gestation with a birth length of 43 cm
(−3 SD), birth weight of 1910 g (−2.7 SD) and an OFC of
28.5 cm (−4 SD). Wide fontanels and a hypospadia were
noted after birth. Chronic hepatopathy and muscular
hypotonia have been documented since his neonatal period.
Blood measurements revealed elevated liver enzymes. By
abdominal ultrasound we found hepatomegaly. Results of
liver biopsy showed fatty infiltration of the parenchyma.
During the next years, hepatomegaly was not detectable
anymore. However, transaminases remained elevated in
repeated tests, e.g., AST 59 U/l (normal range 2–47 U/l) and
ALT 98 (normal range 2–40 U/l) at age of 4 years. His
motor and mental development was retarded. He was able to
sit at 8 months and to walk at 22 months. At two years of
age, he was severely growth retarded (75 cm, −3.4 SD),
dystrophic (8 kg, −3.5 SD) and microcephalic (46 cm, −2.5

Table 1 Clinical and molecular findings of the three affected individuals described in this study and comparison of their symptoms with the known
features from literature for SOPH syndrome, PYCR1, and ALDH18A1 related cutis laxa

This study Literature

Clinical features Patient 1 Patient 2 Patient 3 SOPH PYCR1 ALDH18A1

Intrauterine growth restriction + + + + + +

Postnatal growth restriction + + + + + +

Death in infancy + + − ± − ±

Triangular face with broad forehead + + + + + +

Large fontanels + + + + + +

Sparse hair + + − + + +

Reduced subcutaneous fat + + + + + +

Redundant, thin skin + + + + + +

Developmental delay + + + + + +

Hepatomegaly + − + + − −

Elevated liver enzymes (ALT and AST) + + + + − −

Acute liver failure + + − + − −

Hypogammaglobulinemia n.d. + + + − −

Optic nerve atrophy n.d. n.d. + + − −

Pelger-Huët anomaly + n.d. + + − −

Skeletal anomalies + + + + − −

Mutations

cDNA (maternal allele) c.5741 G >A c.2950delA c.5741 G >A

cDNA (paternal allele) c.405 G > A c.3158 A > G c.6564dupT

Protein (maternal allele) p.(Arg1914His) p.(Ile984Leufs*8) p.(Arg1914His)

Protein (paternal allele) p.(Trp135*) p.(His1053Arg) p.(Glu2189*)

+ present, − absent, ± possible, n.d. not determined
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SD). Wrinkled skin of the dorsum of the hands and trans-
lucent skin were present. He started to speak at 2.5 years.
A skin biopsy showed immature and less dense elastic
fibers suggesting a connective tissue disorder (Fig. 2). Skull
radiograph at age two years showed multiple occipital
Wormian bones. Bilateral optic atrophy and myopia were
found at 10 years of age. At the age of 14 years, hypo-
gammaglobulinemia was detected necessitating substitution
of immunoglobulins. At age 15 years, insulin-dependent
diabetes mellitus occurred. At age of 19 years his facial
appearance included a triangular shape with deep set eyes
and prominent ears. Furthermore, he had thin and translu-
cent skin with visible veins leading to an overall progeroid
appearance (Fig. 1c, f).

At this age he was still severely growth retarded leading
to a body length of 125 cm (−10.7 SD) and severely dys-
trophic (weight 27 kg, BMI 17.3 mg/m2) (Fig. 1g–i). Brain
MRI at different ages (5 months, 5 years) showed hypo-
plasia of the corpus callosum and a hypoplastic cerebellar
vermis (Supplementary Figure 1C). Diagnostic investiga-
tion of serum transferrin and alpha-1-antitrypsin revealed no
abnormalities. Pelger-Huët anomaly was confirmed after
mutation identification (Fig. 1j). Over the years, different
clinical diagnoses were considered, among them Costello
syndrome, osteogenesis imperfecta, gerodermia osteodys-
plastica and autosomal recessive cutis laxa type 2B.

Identification of the causative genetic defect

Due to the clinical overlap with PYCR1- or ALDH18A1-
related cutis laxa we first sequenced the coding region
of these genes in the affected individuals 1 and 3
without detecting any mutation. Subsequent exome
sequencing revealed in Patient 1 two heterozygous variants
affecting NBAS (NM_015909.3). The first variant, chr2:
g.15679455 C > T; c.405 G > A predicts a premature termi-
nation codon p.(Trp135*). The second alteration, chr2:
g.15378794 C > T; c.5741 G > A leads to the substitution
p.(Arg1914His). The first mutation has not been described
so far in literature and is not annotated in gnomAD. The
second has been described previously and was found
in gnomAD, mainly in the South Asian population, with
a frequency of 0.0028% only in a heterozygous state [7].
To investigate whether these changes are in trans, we
sequenced the parental DNA samples and found the
alteration p.(Trp135*) inherited from the father, whereas the
mutation p.(Arg1914His) was transmitted from the mother
(Fig. 3a).

In Patient 2, we identified the heterozygous alteration
chr2:g.15542413delT; c.2950delA in NBAS predicting
a frameshift and thereby a premature termination of
translation after eight additional codons p.(Ile984Leufs*8).
A second heterozygous variant chr2:g.15534450 T > C;
c.3158 A > G causes the substitution p.(His1053Arg). The
frameshift and the missense allele were found in gnomAD
with a total frequency of 0.012% and 0.0007% respectively,
both in a heterozygous state only. The frameshift variant
was found in the mother whereas the missense variant was
absent. Unfortunately, no DNA was available from the
father (Fig. 3b).

In Patient 3 we identified two heterozygous mutations in
NBAS. The first mutation chr2:g. 15378794 C > T,
c.5741 G > A causes the substitution p.(Arg1914His) also
identified in Patient 1. The second alteration chr2:
g.15330396dupA; c.6564dupT predicts a premature termi-
nation of translation p.(Glu2189*). This mutation has not
been described previously and is absent from gnomAD. The
missense mutation p.(Arg1914His) was also detected in the
mother (Fig. 3c).

In all the three affected individuals, the mutations
identified were in a compound heterozygous state shown
by analysis of at least one parental DNA sample and can
thereby be regarded as the cause of the observed SOPH
phenotype. The missense mutation p.(His1053Arg) has
not been described so far to be causative for SOPH
syndrome. The affected position is highly conserved
during evolution shown by an interspecies alignment and
it resides close to an already described mutation for ALF
(Fig. 3d) [13].

Fig. 2 Electron microscopy of skin biopsy from Patient 3 in compar-
ison to an age-matched control (a, c) In the control individual, the
dermal region looks normal with regular collagen bundles (Col) and
elastic fibers (Eln). b, d The dermal region in the patient’s biopsy
shows normal collagen bundles. However, the elastic fibers have an
irregular shape and reduced electron density in comparison to the
control. Scale bar: A, B= 500 nm and C, D= 1000 nm
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Discussion

In this study, we present the molecular and clinical data of
three affected individuals with biallelic NBAS mutations.
All displayed variable pre and postnatal growth retardation
and dystrophy. Furthermore, they presented with develop-
mental delay, triangular face with a broad forehead and a
high frontal hairline, thin lips as well as translucent skin and
atrophy of the subcutaneous fat tissue. Hepatomegaly and
elevated liver enzymes were present in all and repeated
liver crises cumulating in liver failure led to early death in
two of three affected individuals. The signs of Pelger-Huët
anomaly as well as optic atrophy were found in Patients 1
and 3.

All patients showed a liver crisis in the first years of life,
however, it was recurrent only in Patients 1 and 2, who died

between two and three years of life. In both of them severe
febrile convulsions and strongly increased liver transami-
nases indicated hepatic insufficiency, which can be regarded
as the cause of their early demise. In all cases, the severe
liver failure seems to be triggered by infections, which is in
line with literature. In patient 1 the liver enzymes were
always high indicating constant damaging processes to the
liver also in a phase without infection. In a clinically
overlapping case described by Kortüm et al. this phenom-
enon was also observed [6].

In Patient 3 after birth elevated liver enzymes and
hepatomegaly were detectable. Later in life hepatomegaly
vanished, but transaminases remained high. One obvious
difference to the two other patients with lethal course was
the treatment of the hypogammaglobulinemia by IgG sub-
stitution. Patient 1 described by Segarra et al. was treated
similarly and showed no further liver crisis [8]. Thus, we
may speculate that this therapy strengthened the immune
system and prevented infections accompanied by fever that
might trigger an acute liver crisis.

Many mutations within NBAS have been described in the
literature leading to a wide range of clinical symptoms.
Unfortunately, no correlation with the severity of the phe-
notype is possible so far. Only one consanguineous Leba-
nese family with three affected individuals carrying a
homozygous NBAS nonsense mutation was described pre-
viously. This mutation very likely leads to complete
absence of NBAS and might be the cause for the severe
progression of the phenotype and the early demise of the
affected individuals [19].

The cases described by Maksimova harboring the
missense mutation p.(Arg1914His) in a homozygous state
seem relatively mildly affected since no liver involvement
was reported [7]. In fibroblasts from two patients carrying
different nonsense alleles but the same p.(Arg1914His)
missense mutation, a comparable amount of remaining
NBAS protein was detectable indicating that the altered
protein remains stable [11]. One might speculate that the
presence of the p.(Arg1914His) mutation in a homo-
zygous state leads to a relatively high level of remaining
NBAS function probably explaining the milder pheno-
type. In almost all other described cases, a biallelic
combination of a nonsense mutation and a missense
alteration was shown. The mutations usually reside within
the middle part of the protein or the N terminal region [8].
Only some were found very close to the C-terminal
region. To our knowledge, the most downstream mutation
is the p.(Val2145_Glu2237del) in patient 12 (FXI)
described by Staufner et al. [13]. Taking into account that
the second allele in this individual is a nonsense mutation
at position 943, the inframe deletion seems to provide the
necessary NBAS activity to be compatible with life. Our
patient 3 is severely affected, however, in comparison to

Fig. 3 Identified NBAS mutations in Patients 1, 2 and 3. a Pedigree
from family 1 including Sanger sequencing results. The affected
individual shows compound heterozygosity for the mutations
p.(Trp135*) and p.(Arg1914His). b Pedigree from family 2 including
Sanger sequencing results. The mutations p.(Ile984Leufs*8) and
p.(His1053Arg) were found compound heterozygous in the affected
individual. c Pedigree from family 3 including Sanger sequencing
results. The mutations p.(Arg1914His) and p.(Glu2189*) were found
to be compound heterozygous in the affected individual. d Interspecies
alignment of NBAS. Histidine1053 resides in a, during evolution,
highly conserved stretch of NBAS indicating its importance. The
already described NBAS mutation p.(Leu1055Pro) is in close proxi-
mity to the alteration found in patient 2, indicating a similar impor-
tance and causality for the observed phenotype
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the other cases the phenotype is somewhat milder in terms
of liver failure and survival. We speculate that the com-
bination of the already known p.(Arg1914His) allele
together with a very late truncating mutation, which might
have some residual functionality, and the fact that the
patient was supplemented with IgG might be an expla-
nation for his long term survival.

The mutation p.(His1053Arg) identified in patient 2 has
not been described previously. Interestingly, a mutation at
position 1055 was shown in combination with an inframe
deletion of one amino acid in patient 3 (FIII) affected by
ALF [13]. In light of the discussion above, one can spec-
ulate that the deletion of the one amino acid in combination
with the observed missense alteration in the ALF patient
leads to an even higher remaining NBAS activity compared
to our patient and thereby to a different phenotype without
any skeletal involvement [13].

NBAS related disorders range from ALF via SOPH to a
combined condition of ALF and SOPH [6, 7, 13]. However,
the spectrum of possible clinical diagnoses is even broader.
Affected individuals are sometimes classified to have aty-
pical osteogenesis imperfecta [11], acrofrontofacionasal
dysostosis type 1 [20] or, like in our patients, a condition
from the spectrum of progeroid cutis laxa disorders.
Therefore, we compared the cases available in literature
carrying mutations in either PYCR1, ALDH18A1 or NBAS
(Table 1). This comparison revealed that especially in early
infancy, affected individuals show overlapping features
such as intrauterine growth restriction, a delayed fontanel
closure, large ears, a triangular face with a broad forehead,
reduced subcutaneous fat tissues, redundant and thin skin
and sparse hair. The term senile skin has been used fre-
quently in literature to describe the skin of patients with
NBAS mutations [7, 8]. This reflects the translucent skin
with reduced subcutaneous fat tissue also observed in the
group of progeroid cutis laxa conditions [1, 2, 5, 21]. Also
the abnormal elastic fibers found in Patient 3 suggest a
connective tissue condition; however, the alterations
observed are not as severe as in typical cutis laxa patients.
Furthermore, hepatomegaly, hepatic dysfunction, acute liver
failure, optic atrophy, hypogammaglobulinemia were never
described in patients with progeroid cutis laxa and can help
to differentiate these conditions from each other.

The partial overlap of the NBAS and proline cycle
pathologies suggest a similar mechanism. Interestingly, the
enzymes PYCR1 and P5CS are localized within the mito-
chondria whereas NBAS is involved in Golgi-to-ER traf-
ficking. Impaired Golgi function was also observed in
ATP6V1A-, ATP6V1E1-, and ATP6V0A2-related autosomal
recessive cutis laxa (ARCL) and in gerodermia osteodys-
plastica [22–26]. However, in contrast to our patients, these
disorders show glycosylation anomalies, but no liver pro-
blems. On the other hand, defects in the functionally related

genes ATP6AP1 and CCDC115 only lead to liver disease
and glycosylation defects, but in most cases no connective
tissue changes [27, 28]. However, also one patient with a
defect in ATP6AP1 has been described showing cutis laxa
in early infancy [29]. Further research is needed to
understand how perturbations of Golgi, ER and mito-
chondrial compartments might converge in a similar
pathophysiological output explaining the overlapping fea-
tures of the abovementioned disorders. Additionally, the
impact of NBAS deficiency on extracellular matrix secre-
tion and assembly should be investigated to gain insights
into the connective tissue phenotype in SOPH syndrome
patients.

In conclusion, we identified three affected individuals with
compound heterozygous NBAS mutations underlining that
SOPH syndrome can be regarded as a differential diagnosis
for the progeroid forms of cutis laxa in early infancy. Our
data further support a positive effect of IgG supplementation
on the disease progression in SOPH patients.
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