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Abstract

Spondyloenchondrodysplasia (SPENCD) is a rare skeletal dysplasia characterized with platyspondyly and metaphyseal
lesions of the long bones mimicking enchondromatosis, resulting in short stature. SPENCD often coexists with neurologic
disorders and immune dysregulation. Spasticity, developmental delay and intracranial calcification are main neurologic
abnormalities. Large spectrum of immunologic abnormalities may be seen in SPENCD, including immune deficiencies and
autoimmune disorders with autoimmune thrombocytopenia and systemic lupus erythematosus as the most common phe-
notypes. SPENCD is caused by loss of tartrate-resistant acid phosphatase (TRAP) activity, due to homozygous mutations
in ACPS5, playing a role in non-nucleic acid-related stimulation/regulation of the type I interferon pathway. We present two
siblings, 13-year-old girl and 25-year-old boy with SPENCD, from consanguineous parents. Both patients had short stature,
platyspondyly, metaphyseal changes, spastic paraparesis, mild intellectual disability, and juvenile-onset SLE. The age at
disease-onset was 2 years for girl and 19 years for boy. Both had skin and mucosa involvement. The age at diagnosis of SLE
was 4 years for girl, and 19 years for boy. The clinical diagnosis of SPENCD was confirmed by sequencing of ACP5 gene,
which revealed a homozygous c.155A > C (p.K52T), a variant reported before as pathogenic. Juvenile-onset SLE accounts
for about 15-20% of all SLE cases. But, the onset of SLE before 5-years of age and also monogenic SLE are rare. Our case
report and the literature review show the importance of multisystemic evaluation in the diagnosis of SPENCD and to remind
the necessity of investigating the monogenic etiology in early-onset and familial SLE cases.
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Introduction

Spondyloenchondrodysplasia (SPENCD) was first defined
by Schorr et al. in two brothers with spondylometaphyseal
dysplasia and enchondromatous changes from consanguin-
eous Iraqi Jewish parents in 1976 [1]. In the following
two to three decades, a few case reports indicated that
some of SPENCD cases had intracranial calcifications and
spastic paraparesis without explaining the association of
skeletal and neurological findings [2—4]. In 2003, Roif-
man and Melamed described a novel syndrome of spon-
dylometaphyseal dysplasia, combined immunodeficiency
and autoimmunity in four patients, who had similar clini-
cal and immunologic features suggesting the presence of
immune dysregulation [5]. A pathogenetic relationship
between spondyloenchondrodysplasia, spasticity, intrac-
ranial calcification, and immune dysregulation was first
described by Renella et al. in 2006 [6]. They reported that
the correlation between the severity of radiologic findings
and the neurological impairment or immune dysregula-
tion was not proportionate and thought that the responsible
gene showed marked pleiotropism. Simultaneously, Briggs
et al. and Lausch et al. identified homozygous or com-
pound heterozygous mutations in the ACP5 gene, encod-
ing tartrate-resistant acid phosphatase (TRAP), in patients
with SPENCD, respectively from 10 patients in 8 families
and 14 patients in 11 families [7,8]. The molecular basis of
SPENCD was proposed as the loss of regulation of TRAP
activity on osteopontin function (OPN) in both studies.
The functional excess of phosphorylated OPN are thought
to cause increased bone resorption by activated osteo-
clasts and immune dysregulation by stimulation of type
I interferon production in plasmacytoid dendritic cells.
Prior studies which showed elevated plasma OPN levels
correlated with disease activity in systemic lupus erythe-
matosus (SLE),and increased SLE susceptibility due to
SNPs within the SPP1 gene encoding OPN supported the
findings related to immune dysregulation [9,10]. Briggs
et al. found elevated serum type I interferon activity in
all SPENCD subjects sampled as in Aicardi-Gouticres
syndrome, which is a type I interferonopathy with simi-
lar symptoms in SPENCD, such as intracranial calcifica-
tion and susceptibility to SLE. In 2011, Crow identified
SPENCD with Aicardi-Goutiéres syndrome and systemic
lupus erythematosus with complement deficiency as type
I interferonopathies [11].

SPENCD has been associated with a wide-spectrum
of autoimmune diseases, such as systemic lupus erythe-
matosus (SLE), Sjogren’s syndrome, hemolytic anemia,
thrombocytopenia, hypothyroidism, inflammatory myosi-
tis, Raynaud’s disease and vitiligo, isolated or in combi-
nation [7]. In the comprehensive survey of Briggs et al.
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85% (22/26) of the patients had at least one autoimmune
disease, and autoimmune thrombocytopenia (AITP) was
the most common diagnosis [12]. SPENCD and SPENCD
with immune dysregulation (SPENCDI) had been found as
a continuum of the same disorder according to the molecu-
lar evidence by the same authors, and they proposed to use
SPENCD for both phenotypes [12].

Tartrate-resistant acid phosphatase (TRAP) deficiency in
SPENCD predisposes patients to develop SLE, mostly start-
ing during childhood [12,13]. The probability of a mono-
genic etiology increases with the decreasing age of onset in
SLE [14], and SPENCD is a one of the rare causes of mono-
genic forms of SLE. Here, we present two siblings with a
diagnosis of SPENCD, who had juvenile-onset SLE. We also
aim to discuss the importance of multisystemic evaluation
in the diagnosis of SPENCD and to remind the importance
of investigating the monogenic etiology in early-onset and
familial SLE cases.

Case report

A 13-year old girl and a 25-year-old boy from a Turkish
family were presented with similar clinical findings at the
ages of 2 years and 19 years, respectively. The girl was third
sibling of parents, who were second cousins. She was first
hospitalized at 2 years of age due to respiratory distress,
itching, erythematous rash on trunk and high fever. She had
symmetric polyarthralgia involving large and small joints,
cervical and axillary lymphadenopathy, and hepato-sple-
nomegaly. Laboratory examination showed pancytopenia
(leukocyte 2.270/mm?, hemoglobin 5.8 g/dl, thrombocyte
33.900/mm?), low erythrocyte sedimentation rate (5 mm/
hour), hypertriglyceridemia (252 mg/dL), elevated transami-
nase levels (AST 159 IU/L, ALT 51 IU/L), hyperferritine-
mia (4.390 ng/ml), and increased CRP levels (4 mg/dL).
Bone marrow aspiration revealed hemophagocytosis. She
was transferred to the intensive care unit and connected to
mechanic ventilator for 2 days with a presumed diagnosis
of macrophage activation syndrome secondary to systemic
juvenile idiopathic arthritis. Computerized tomography of
the chest revealed bilateral parenchymal pulmonary dense
infiltrates and mild pleural effusion. After 3 days of intrave-
nous pulse methylprednisolone (30 mg/kg/day), treatment
was continued with oral methylprednisolone (2 mg/kg/day),
methotrexate (15 mg/m?/week) and cyclosporine (3 mg/kg/
day). She improved significantly in a few weeks. Corticoster-
oid, cyclosporine and methotrexate were discontinued after
1, 3 and 14 months of therapy, respectively. At the age of
3.5 years, she had a direct Coombs positive hemolytic ane-
mia episode, and after a short time presented with walking
disability due to generalized joint pain and fever, both of
which improved with pulse methylprednisolone (30 mg/kg/
day) for 3 days. Prolonged PTT levels and leukopenia were
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noticed during these episodes. At the age of 4 years, when
she was not on any immunosuppressants, she presented
again with walking disability, symmetric polyarthralgia,
oral aphthous ulcers, malar rash and photosensitivity. Short
stature was noted for the first time. Exaggerated deep tendon
reflexes, clonus and paraparesis, all of which are suggestive
of an upper motor neuron lesion, were detected on examina-
tion. Laboratory investigations showed low C3 (41.6 mg/dl;
normal range 90-180) and C4 levels (7.09 mg/dl; normal
range 10-40).

Antinuclear antibodies (ANA) were strongly positive
with homogeneous pattern, and anti-double-stranded DNA
antibodies were detected at borderline level (25.7 TU/L,
normal < 24 TU/L). She was diagnosed with systemic lupus
erythematosus, and after a 3-day course of pulse meth-
ylprednisolone (30 mg/kg/day), oral methylprednisolone
(2 mg/kg/day), azathioprine (2 mg/kg/day) and hydroxy-
chloroquine (5 mg/kg/day) were initiated. Leukopenia per-
sisted despite these drugs. Endocrinological investigations

for short stature were unremarkable. Skeletal radiogra-
phies showed platyspondyly and metaphyseal hyperdense
lesions (Fig. 1d, e). Brain magnetic resonance imaging
(MRI) showed mild ventricular dilatation due mild cer-
ebral atrophy, without signal abnormality (Fig. 1c). At the
age of 7 years she had pharyngeal petechiae, and complete
blood count showed bicytopenia with a platelet count of
2.000/mm? and leukocyte count of 2.500/mm? (neutrophils
1.600/mm?, and lymphocytes 900/mm?). Bicytopenia was
improved after a single dose of intravenous immunoglob-
ulin treatment (1 gr/kg) and pulse methylprednisolone
(30 mg/kg/day), for 5 days. At follow-up, she had no other
deterioration.

She was born at term, 3.100 g. Prenatal, natal, and postna-
tal periods were uneventful. She sat at the age of 8 months,
walked and spoke single words at 18 months. Parents noticed
that her face looked red since she was born, and wounds
appeared in the itchy areas. The parents were consanguine-
ous, and had 4 siblings (one boy, three girls).

Fig. 1 Photographs of the proband (a, b). Magnetic resonance imaging of the brain shows mild ventricular dilatation and cortical atrophy at
T2-weighted axial image (c). Platyspondyly of the lumbar vertebrae (d). Metaphyseal hyperintensity of proximal femur (e)
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At the last physical examination, her weight was 25 kg
(<3 p; — 4,56 SD), height 106 cm (< 3 p; — 8,64 SD), and
head circumference 51 cm (<3 p; — 2,71 SD) (Fig. 1a,
b). She had mild cognitive impairment and upper motor
neuron signs at lower extremities (increased deep tendon
reflexes, Achille’s clonus and positive Babinski reflexes).
She had no organomegaly and lymphadenopathy. At pre-
sent, she is 13-year old, and using azathioprine (2 mg/kg/
day) and hydroxychloroquine (4 mg/kg/day). Laboratory
investigations at last visit showed low leukocyte and lym-
phocyte counts and presence of anti-ds DNA antibodies in
her serum at high levels.

The brother of the index case was first reported to the
hospital at 19 years of age because of recent onset skin
rash prominent on feet and legs, oral aphthous ulcers, skin
sores, and joint stiffness in the fingers, knees and elbows
in the morning. He had no history of arthritis, malar rash,
and photosensitivity. He had significant proteinuria, and
kidney biopsy showed histopathologic findings of class II
lupus nephritis. His ANA was positive with homogeneous
pattern, and ENA investigation revealed high titer anti-
bodies against Sm and Sm/RNP. He also had anti-dsDNA
antibodies, and both C3 and C4 complement levels were
low (44 and 6.1 mg/dl, respectively). Prednisolone (60 mg/
day), hydroxychloroquine (200 mg/day), and azathioprine
(100 mg/day) were started, and he responded well to the
treatment.

One year after the diagnosis, he presented with abdominal
pain, vomiting and nausea. Abdominal computed tomog-
raphy revealed edema and inflammation of jejunum and
duodenum. The corticosteroid dosage has been increased
(60 mg/day). After a few months, the symptoms recurred.
His anti-phospholipid antibodies were negative, and no find-
ings of venous or arterial thrombosis was found during the
follow-up. The patient was thought to have gastrointestinal
involvement due to SLE. Addition of rituximab treatment
(375 mg/m? IV once weekly x 4 doses) after the last episode
provided a clinical remission, and no other deterioration
related to acute gastrointestinal system has been experienced
thereafter.

One year after the diagnosis of SLE, he had recurrent
episodes of severe nausea and abdominal pain, and partial
thrombosis was detected in the main and right portal vein.
Low molecular weight heparin was added to his treatment
for 6 months, and he then continued to receive 100 mg acetyl
salicylic acid. His anti-phospholipid antibodies were nega-
tive, and no findings of venous or arterial thrombosis was
found during the follow-up. Laparoscopic investigation due
to episodes of abdominal pain revealed no significant path-
ological finding, and his complaints were controlled with
high dose corticosteroids (60 mg/day). His complaints were
thought to be associated with the disease activity, addition of
rituximab treatment (375 mg/m? IV once weekly x 4 doses)

@ Springer

after the last episode provided a clinical remission, and no
other deterioration has been experienced until now.

He was born at term, 3.050 g. Prenatal, natal, and post-
natal periods were uneventful. He walked and spoke single
words at 14 months. He had a history of frequent falls for
the past 5 years. He was diagnosed as spastic paraparesis,
but how long this clinical finding was unknown.

At last physical examination, his weight was 58 kg (6 p;
— 1,61 SD), height 144 cm (<3 p; — 5,22 SD), and head
circumference 56,1 cm (15 p; — 1,07 SD) (Fig. 2a, b). His
school performance was low and could not continue edu-
cation after middle school. He had upper motor neuron
findings at lower extremities. He had no organomegaly and
lymphadenopathy. The rest of the physical examination was
normal. Now, he is 25-year-old, and using low-dose predni-
solone (5 mg/day), azathioprine (50 mg/day), hydroxychlo-
roquine (200 mg/day) and rituximab.

Skeletal radiographies showed platyspondyly without
prominent metaphyseal changes (Fig. 2e, f). Cranial com-
puterized tomography showed periventricular, frontal sub-
cortical and basal ganglia calcification (Fig. 2c, d). Because
of his claustrophobia, no MR investigation could be done.
His neurologic examination was within normal limits, and
he described no specific manifestation.

The physical examination of parents and two unaffected
siblings (7 and 24-year old girls) was normal. Both effected
siblings had systemic lupus erythematosus, spastic parapare-
sis, short stature, spondylo-metaphyseal dysplasia, and mild
cognitive impairment. In addition, the brother had intrac-
ranial calcification. These clinical and laboratory findings
were compatible with spondyloenchondrodysplasia with
spasticity, cerebral calcifications, and immune dysregula-
tion (SPENCD). To confirm the diagnosis, ACP5 gene was
sequenced and c.155A > C (p.K52T) homozygous variant
in ACP5 was revealed. This variant has previously been
reported by Lausch et al. and Briggs et al., the latter describ-
ing two families with this variant, both of Turkish origin
[7.8].

Search strategy

Case-based search strategy was implemented according to a
published guidance on narrative reviews [15]. We searched
the PubMed/MEDLINE, Google Scholar, Web of Science
and Scopus databases without any time limit, using the key-
words “spondyloenchondromatosis”, “type I interferonopa-
thies”, “monogenic lupus”, and “pediatric-onset systemic
lupus erythematosus”, and found 53, 90, 148 and 98 articles,
respectively. For the search “spondyloenchondrodysplasia”,
we excluded articles about isolated skeletal dysplasia, and
included original research articles, case-based reviews,
case series and case reports about spondyloenchondrodys-
plasia with multisystemic (neurologic and/or immunologic)
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Fig.2 Photographs of the sibling (a, b). Cranial tomography of the brain shows periventricular, subcortical and basal ganglia calcification (c, d).
Normal metaphyseal view of proximal femur (e), and platyspondyly (f) of the brother

involvement, published in English, and the remaining 23
articles were reviewed. We included original research arti-
cles, case-based reviews, case reports and case series pub-
lished in English for the searches “type I interferonopathies”,
“monogenic lupus”, and “pediatric-onset systemic lupus ery-
thematosus”, and after excluded duplicates and irrelevant
articles, reviewed 28, 27, and 42 articles, respectively.”
Informed consent was obtained from patients and their legal
guards for publication.

Discussion

Type I interferonopathies are subgroups of autoinflamma-
tory disorders and inborn errors of immunology, including
Aicardi-Goutieres syndrome (type 1-7), STING-associated
vasculopathy, infantile-onset, (SAVI), X-linked reticulate
pigmentary disorder (XLRPD), USP 18 deficiency, chronic
atypical neutrophilic dermatitis with lipodystrophy (CAN-
DLE), Singleton-Merten syndrome, ADA2 deficiency and
spondyloenchondrodysplasia with immune dysregulation
(SPENCD), and further phenotypes may be added to this list
in the future [16—19]. Inappropriate stimulation, enhanced
sensitivity or defective negative regulation of the type I
interferon pathway to an endogenous nucleic acid ligand
and defective regulation of protein degradation are known

mechanisms of type I interferonopathy phenotype [16,19].
The first clinical presentation in all of these diseases are
seen in childhood, even in the neonatal period. Autoimmune
disorders are common in type I interferonopathies, in addi-
tion to intracranial calcification, skin vasculopathy (chilblain
lesions and livedo reticularis), panniculitis, skeletal prob-
lems, interstitial lung disease, failure to thrive and neurode-
velopmental problems [16,17,19]. SLE is the first autoim-
mune disease identified in relation to increased interferon
levels and this finding has been supported by the frequent
occurrence of SLE in many type I interferonopathies to date
[20]. Although, the rate of SLE due to type I interferonopa-
thies is relatively low in all SLE cases, type I interferonopa-
thies should be screened in pediatric-onset cases accompa-
nied by multisystemic clinical findings described above.
SLE is thought to be caused by adaptive immune dysregu-
lation because of the presence of high-titer autoantibodies,
such as ANA and anti-dsDNA, and auto-reactive lympho-
cytes in affected tissues [21]. However, with the definition
of Aicardi-Goutieres syndrome and other type I interfer-
onopathies, it was understood that SLE may also occur as
an innate immune system disorder. It has been reported that
nearly half of the SPENCD cases fulfill the criteria for SLE
[7,8,13]. SPENCD is caused by loss of tartrate-resistant acid
phosphatase (TRAP) activity, due to homozygous mutations
in ACPS3, playing a role in increased IFNa production by
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plasmacytoid dendritic cells (PDCs), which is one of the
main components of innate immune system. Deficient TRAP
activity leads to increased phosphorylation of osteopontin
(OPN), and followed by Toll-like receptor 9 (TLR-9) stimu-
lation, increased nuclear translocation of IRF7 and NFKB,
and increased expression of IFNA, interferon stimulated
genes (ISGs), IL6 and TNF levels. Heterozygous missense
variants of ACP5 have also been shown to significantly
increase susceptibility to SLE compared to controls [13].
These findings suggest that TRAP deficiency is the main
factor for susceptibility to SLE, and may be a therapeutic
target in SPENCD [22]. TRAP deficiency may activate both
innate and adaptive immune responses [23,24]. Absence of
high-titer autoantibodies in early-phase of the disease in
SPENCD cases, as in our case, shows that adaptive immune
system was probably affected later in the disease. Defective
Thl response in TRAP knockout mice can be considered
as an evidence for adaptive immune system affection [25].
However, the explicit mechanism between TRAP deficiency
and susceptibility to SLE, and shared key abnormalities of
innate and adaptive immune systems are not so clear.

Gender, age, race, environmental factors, epigenetic
mechanisms and genetic background play a role in the
pathogenesis of SLE [26]. Genetic factors become more
evident in familial and early-onset (<5 years) SLE cases.
Several monogenic causes of SLE have been described to
date, having functions in complement pathway, nucleic acid
repair, degradation/editing and sensing pathways, the type I
interferon pathway and B cell development [27]. Mostly, the
genetic etiology of monogenic SLE cases remains undeter-
mined, according to phenotypic features and basic laboratory
tests. Recently, whole exome sequencing was performed in
small samples of early-onset and/or familial SLE cases, and
rare causal monogenic variants associated with SLE and
SLE-like phenotype identified with high penetrance [28-30].
SPENCD cases have unique findings such as short stature,
platyspondyly, metaphyseal lesions, spastic paraparesis,
and intracranial calcification, and may be screened easily
by evaluating vertebral and long bone radiographs. How-
ever, delay in diagnosing SPENCD is frequent. We suggest
to consider the spondylometaphyseal dysplasia and neuro-
logic involvement during the evaluation of familial and/or
early-onset SLE cases among other causes before detailed
genetic tests.

Presentation with severe acute illness and major organ
involvement are more frequent in pediatric SLE compared
to adult counterparts [31-33]. Development of severe mac-
rophage activation syndrome in the proband seems to be
in accordance with these data. Renal, cutaneous and hema-
tologic involvement were frequently reported in SPENCD
cases, as in classical SLE [12,34-36]. To the best of our
knowledge, there is not a case with central nervous sys-
tem involvement in the literature. The frequency of renal
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involvement in patients with SPENCD (ranging from 67 to
82%), is similar to those in children with multifactorial SLE
[36,37]. Diffuse proliferative glomerulonephritis (class IV)
is the most common form of lupus nephritis (LN) [38]. The
proband had no renal involvement, but his brother had class
II LN. Vitiligo, heliotrope rash, malar rash, vasculitic rash,
painful vesicular lesions, oral and genital ulcers are com-
monly reported mucocutaneous manifestations in children
with SPENCD [6-8,34-36,39]. Similarly, SLE-like mucocu-
taneous rashes have been developed in both of our siblings.
Patients with SPENCD may present with hematologic mani-
festations including thrombocytopenia, anemia, autoimmune
hemolytic anemia and pancytopenia, all of which are also
seen in non-mendelian lupus. Refractory leukopenia/lym-
phopenia of the proband was the most striking hematologic
finding, but there was no hematologic involvement in the
brother. Arthralgia and arthritis have been reported in about
two-thirds of cases in children with SPENCD [36]. Aside
from the polyarthralgia episodes in the proband had, none
of the siblings developed arthritis. Since there has been no
approved drug in management of patients with SPENCD,
these patients have been commonly treated according to
the treatment guidelines of classical SLE. Among these
immunosuppressive drugs, corticosteroids and hydroxy-
chloroquine are the most commonly used agents to control
disease activity in children with SPENCD [6—8,34-36,39].
Both of our patients required long-term systemic oral cor-
ticosteroids, as well as IV high dose methylprednisolone in
severe episodes. Acute abdominal pain and vomiting epi-
sodes could be controlled only after rituximab in the brother.
Now, both patients use azathioprine and hydroxychloroquine
as maintenance therapy, and additionally brother uses small
dosage oral prednisolone, and disease activity could be
suppressed for 6 years, and 4 years, respectively. Targeted
therapies to inhibit unabated type I IFN signaling might be a
therapeutic alternative, but today a biological agent specific
for SPENCD has not been described.

Also, different age of onset of clinical findings in both
siblings (2 in female, 19 in male sibling) further supports
the issue of gender bias in SLE. Very early onset of clini-
cal findings in female sibling suggests that epigenetic and
other factors may contribute to this bias without role of sex
hormones.

In conclusion, our cases presented with short stature,
platyspondyly, metaphyseal changes, spastic paraparesis,
mild intellectual disability, and juvenile-onset SLE. Wide
variety of manifestations which have been assessed by dif-
ferent experts and clinics without a team approach, possibly
resulted with a delay in diagnosis. The diagnosis of early-
onset SLE in the proband and development of a lupus-like
phenotype in brother supported the possibility of a genetic
etiology. Since there are numerous genes causing mono-
genic form of lupus, skeletal dysplasia should be particularly
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suggestive of SPENCD in a patient with early-onset SLE-
like features. The patients with SPENCD generally treated in
a way similar to the SLE. These cases show the importance
of multisystemic evaluation in the diagnosis of SPENCD
and the necessity of investigating the monogenic etiology
in early-onset or familial SLE cases.
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