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Niemann Pick disease B (NPB) often presents with hepatosplenomegaly and lung
pathological changes, but it usually does not present with central nervous system
symptoms. This report presents the unique case of a 21-year-old woman with a
10-year history of hard skin and hepatosplenomegaly. Genetic sequencing
revealed NPB and also suggested Segawa syndrome. Although symptomatic
supportive treatments were administered in an attempt to improve muscle
tone and treat the skin sclerosis, their efficacy was not satisfactory, and the
patient refused further treatment. This case provides several noteworthy findings.
First, although NPB and Segawa syndrome are rare, both are autosomal recessive
inherited diseases that share common clinical symptoms and imaging
manifestations. Second, when NPB and Segawa syndrome are highly
suspected, screening for tyrosine hydroxylase (TH) and sphingomyelin
phosphodiesterase-1 (SMPD1) gene mutations is critical to determine an
accurate diagnosis. Finally, early diagnosis and comprehensive therapies are
crucial for improving the prognosis of patients with NPB and Segawa syndrome.
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1 Introduction

Niemann-Pick A/B, also known as acid sphingomyelinase deficiency (ASMD), is a rare
autosomal recessive lysosomal storage caused by mutations in the SMPD1 gene encoding the
acid sphingomyelinase enzyme (Ota et al., 2020). Based on the clinical phenotype, ASMD has
been divided into infantile neurovisceral Niemann-Pick A (NPA), chronic neurovisceral
Niemann-Pick A/B (NPA/B), and chronic visceral Niemann-Pick B (NPB) (Geberhiwot et al.,
2023). Owing to insufficient acid sphingomyelinase (ASM) activity, excessive accumulation of
sphingomyelin in monocytes, macrophages, and tissues leads to clinical symptoms in NPA
and NPB. NPA patients typically exhibit hepatosplenomegaly and severe central nervous
system involvement in infancy, with a life expectancy rarely exceeding 2–3 years. In contrast,
most patients with NPB have no evident central nervous system involvement. The disease
progresses gradually, with abnormal liver function, hyperplenism, and progressive interstitial
pulmonary disease, osteoporosis, and hyperlipidemia. Clinical manifestations of NPA/B fall

OPEN ACCESS

EDITED BY

Andrea Dardis,
University Hospital of Udine, Italy

REVIEWED BY

Stefania Zampieri,
Institute for Maternal and Child Health Burlo
Garofolo (IRCCS), Italy
Sitara Roy,
Harvard Medical School, United States

*CORRESPONDENCE

Qinpan Rao,
2211310302@qq.com

RECEIVED 26 February 2024
ACCEPTED 02 May 2024
PUBLISHED 17 May 2024

CITATION

Wu F, Su D, Wang W, Song X, Fan S, Su J, Ma L,
Xu J and Rao Q (2024), Case report: Clinical,
imaging, and genetic characteristics of type B
niemann pick disease combined with segawa
syndrome diagnosed via dual gene sequencing.
Front. Genet. 15:1391936.
doi: 10.3389/fgene.2024.1391936

COPYRIGHT

©2024Wu, Su, Wang, Song, Fan, Su, Ma, Xu and
Rao. This is an open-access article distributed
under the terms of the Creative Commons
Attribution License (CC BY). The use,
distribution or reproduction in other forums is
permitted, provided the original author(s) and
the copyright owner(s) are credited and that the
original publication in this journal is cited, in
accordance with accepted academic practice.
No use, distribution or reproduction is
permitted which does not comply with
these terms.

Frontiers in Genetics frontiersin.org01

TYPE Case Report
PUBLISHED 17 May 2024
DOI 10.3389/fgene.2024.1391936

https://www.frontiersin.org/articles/10.3389/fgene.2024.1391936/full
https://www.frontiersin.org/articles/10.3389/fgene.2024.1391936/full
https://www.frontiersin.org/articles/10.3389/fgene.2024.1391936/full
https://www.frontiersin.org/articles/10.3389/fgene.2024.1391936/full
https://www.frontiersin.org/articles/10.3389/fgene.2024.1391936/full
https://crossmark.crossref.org/dialog/?doi=10.3389/fgene.2024.1391936&domain=pdf&date_stamp=2024-05-17
mailto:2211310302@qq.com
mailto:2211310302@qq.com
https://doi.org/10.3389/fgene.2024.1391936
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org/journals/genetics#editorial-board
https://www.frontiersin.org/journals/genetics#editorial-board
https://doi.org/10.3389/fgene.2024.1391936


between those of NPA and NPB, characterized by
hepatosplenomegaly and slowly progressive neurological diseases
ranging from mild dystonia to severe progressive neurological
abnormalities. The onset of neurological symptoms in these
patients is later than that in NPA and is more indolent.

Dopa-responsive dystonia (DRD), also known as Segawa
syndrome, is a rare neurotransmitter disease with a prevalence rate
of 0.5 per one million people (Dobricic et al., 2017) The associated
decrease in dopamine caused by a mutation in the gene encoding
tyrosine hydroxylase (TH) may lead to dystonia, tremor, and severe
encephalopathy (Wang et al., 2022)This report presents the case of a
patient with concurrent NPB and Segawa syndrome. The 21-year-old
female presented with a 10-year history of facial skin tightness,
gradual hardening of her skin, disappearance of her forehead lines,
deformation of her finger joints in both hands, and shortness of
breath, with no apparent cause. She did not experience any other
discomfort, such as cold, fever, cough, phlegm, or stomach or wrist
pain, and had not undergone treatment for any of her symptoms.

2 Case description

Two weeks prior to her presentation, the patient sought
outpatient treatment. At that time, she had an elevated
erythrocyte sedimentation rate (42 mm/h) and immunoglobulin
G levels (21.30 g/L). The patient also presented with positive
anti-nuclear antibodies, weakly positive antiribonucleoprotein,
and weakly positive anti-Smith antibody. The patient was
believed to have scleroderma, and she was admitted to the
hospital with skin arthralgia and connective tissue disease. The
patient denied any relative family history and reported that her
parents and sister were in good health. Physical examination
revealed a saddle nose, facial skin tightening and hardening, the
disappearance of forehead wrinkles, a swan neck-like deformity of
the fingers on both hands, and raised arches of both feet.

Five months after her presentation, whole exome sequencing
revealed a variant in the SMPD1gene (chromosomal position
chr11: 6415105_6415108, variant information NM: 000,543.5:
c.1341-21_1341-18del, genetic pattern AR, homozygote, ACMG
variant classification pathogenic variation) and Segawa syndrome

[variant gene TH, chromosomal position chr11: 2188714, variant
information NM_199,292.3: c.739G>A (p.Gly247Ser), genetic pattern
AR, homozygote, ACMG variant classification pathogenic variation]
(Figure 1). High-resolution chest computed tomography (CT)
revealed diffuse miliary nodules distributed along the bronchial
vascular tree in both lungs, with regular lung morphology and
relatively uniform density. The interlobular septum exhibited slight
local thickening (Figure 2). Plain radiography of the patient’s hands
revealed that the bone trabeculae of both hands were slightly sparse,
density was slightly reduced, the cortex was thinner, the marrow
cavity was widened, and the alignment of the distal interphalangeal
joints of the left index and middle fingers and the proximal
interphalangeal joints of the right little finger showed swan neck-
like changes (Figure 3). Abdominal ultrasonography and CT revealed
enlargement of the liver and spleen (Figure 4).

The patient was diagnosed with ASMD 8months after her
presentation. She exhibited decreased plasma acid sphingomyelinase
activity (0.18 μmol/L/h, normal value: 1.19–13.97 μmol/L/h),
haemoglobin levels (97 g/L, normal value:115–150 g/L), white blood
cell count (2.4 × 109/L, normal value:3.5-9.5 × 109/L) and platelet count
(86 ×109/L, normal value:125-350 × 109/L). Conversely, the activities of
alanine aminotransferase (ALT) (67 U/L, normal value:7–40 U/L) and
aspartate aminotransferase (AST) (64 U/L, normal value:13–35 U/L)
were elevated.

After a comprehensive evaluation and discussion of the clinical,
imaging, and genetic data, the patient was diagnosed with NPB
combined with Segawa syndrome. The patient was administered
L-dopamine in an attempt to improve her muscle tone disorders.
The initial dose of L-dopamine was 0.25 g, once every 12 h, which was
taken after meals. The follow-up dose was increased every 3–7 days
according to the patient’s symptoms, ranging from 0.125 to 0.75 g per
day, with a maximum of 6 g per day, until the ideal curative effect was
achieved. However, the patient chose to discontinue treatment after
15 days as the therapeutic effects were not satisfactory.

3 Discussion

Low ASM activity is characteristic of NPA and NPB.
Quantification of ASM activity in convenient cells, such as

FIGURE 1
Electrophoretic map of TH gene mutation in patients.
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circulating white blood cells or cultured skin fibroblasts (He et al.,
2003), has been used as a diagnostic test for NPA and NPB.
Sequencing of SMPD1 can also be used to confirm NPA and

NPB (Schuchman et al., 2016). The SMPD1 pathogenic variant c.
1,341-21_1341-18del was previously reported for a case of NPB in
which the patient exhibited decreased ASM activity, normal

FIGURE 2
(A) The axial position of the high resolution thoracic CT of the patient. (B) The coronal plane of the high resolution CT of the patient.

FIGURE 3
(A) The X-ray positive position of the patient. (B) The X-ray lateral position of the patient.

FIGURE 4
(A) The abdominal ultrasound image of the patient. (B) The axial abdominal CT image of the patient.
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intelligence, no central nervous system symptoms, and negative
imaging findings (Lidove et al., 2015). The presentation of the
current patient was consistent with NPB. The ASM activity in
patients with NPA/B is very broad (Mihaylova et al., 2007).

Additional manifestations of low ASM activity in patients with
ASMD include bone and joint pain, bone mass reduction, and foam
cells that can be easily detected in the bone marrow. In the current
patient, hand radiography revealed sparse bone trabeculae, reduced
bone density, which are known bone manifestations of ASMD
(Simpson et al., 2010). These manifestations are believed to be
caused by foam macrophages infiltrating the bone marrow. A
previous study reported joint and bone pain and an increased
incidence of fractures in patients with NPB (Wasserstein et al.,
2013). However, the current patient did not have bone or joint pain.

Because of the cellular abnormalities in the liver and spleen, patients
with ASMDwith lowASM activity exhibit liver and spleen enlargement
and haematological and lipid abnormalities (McGovern et al., 2004).
The current patient had liver and spleen enlargement and elevated AST
and ALT levels, indicating abnormal liver function. Thrombocytopenia
is another common finding, and some patients may have extremely low
high-density lipoprotein cholesterol and high triglyceride levels. The
patient in this report had a low platelet count, although her cholesterol
and triglyceride levels were normal.

In patients with ASMD, sphingolipids are often deposited in the
pulmonarymacrophages with diffuse infiltration in the lungs, resulting in
an increased risk of infection. The current patient reported shortness of
breath after exercise. A pulmonary function examination indicated mild
mixed-ventilation dysfunction, and CT analysis revealed local thickening
of the pulmonary interlobular septa and miliary nodules, which were
similar to other recently reported lung imaging results (Ufuk, 2024). Our
findings were considered to be caused by foamymacrophage infiltration.
No specific therapy for this infiltration is available worldwide. Bone
marrow transplantation and lung transplantation have been reported in
patients with ASMD; however, these treatments do not cure the disease
(Victor et al., 2003; Mora et al., 2022). Enzyme replacement therapy
(ERT) reduces sphingomyelin accumulation in the lungs, liver, spleen,
and other non-central nervous system (CNS) organs and clinical trials
have largely proved its efficacy on non-CNS manifestations. Indeed, it is
not suitable for treating ASMD CNS involvement since the enzyme do
not cross the blood brain barrier (Geberhiwot et al., 2023). ERT has been
approved by the Food and Drug Administration (FAD), and the
European Medical Agency (EMA).

The patient in this report was also diagnosed with Segawa
syndrome, which is primarily caused by reduced dopamine
synthesis. Clinical manifestations include gradually worsening
postural tremors, gait abnormalities, and lower limb muscle tone
disorders in early childhood or adolescence. Patients also experience
limb stiffness, slow movement, and loss of facial expression. However,
the patient’s language skills and intelligence are not affected. A previous
study (Yang et al., 2018) reported that the incidence of Segawa
syndrome is higher in women than in men and that the clinical
symptoms are more severe in women. Laboratory examinations are
typically normal in patients with Segawa syndrome. The patient in this
report developed tight and hard facial skin, the disappearance of her
forehead lines, stiffness of her limbs, swan neck-like deformities of the
fingers on both hands, and elevated arches of both feet. Genetic testing
revealed a mutation in TH. Most types of Segawa syndrome are
associated with autosomal dominant mutations in the gene encoding

GTP cyclohydrolase-1 (GCH1), and rarely by recessive mutations in
TH. Low TH activity leads to sustained damage of catecholaminergic
neurotransmitters, prenatal brain developmental disorders, and
postpartum growth disorders (Kuwabara et al., 2018)This may result
in muscle tone disorders, tremors, and severe encephalopathy.
L-dopamine is an effective drug for the treatment of Segawa
syndrome; however, the treatment effect in this case was not
acceptable and the patient was transferred to another hospital. The
subsequent treatment plan was not made clear, but the patient has
returned to everyday life and work.

With the development of genetic testing technology and an
improved understanding of genetic diseases, the presence of more
than one rare genetic disease in the same patient has been reported
(Cianci et al., 2020; Saettini et al., 2020; Tan et al., 2023). Over 5% of
patients who underwent whole-exome sequencing had a bimolecular
diagnosis or multipoint genomic variation (Posey et al., 2017). When
two rare genetic diseases occur together, the clinical phenotype is
complex, and few guidelines exist for the diagnosis and treatment
ofdiagnosing and treating concurrent genetic diseases. When the
patient’s clinical manifestations and disease progression are not
completely consistent with the diagnosis ofdiagnosing a rare genetic
disease, the possibility of a second rare genetic disease should be
considered. In addition, while bimolecular diagnosis impacts the
clinical treatment of patients, it can also be used in proactive
intervention in the early stage of the disease, with potential targeting
or therapeutic effects, and. It may provide a risk estimate of recurrence.

This study has several limitations. First, owing to the lack of
computer analysis tools, we could not carry out a functional
prediction of the pathogenic mutations in SMPD1 and TH; thus, the
potential functional value of the two related diseases is not discussed.
Second, the patient was only tested for ASM activity and not that of TH;
thus, the activity of TH was not addressed in this report.

In summary, to achieve an accurate diagnosis with curately
diagnose both ASMD and Segawa syndrome, the clinical
manifestations, imaging findings, laboratory examination, and
molecular genetic analyses must be understood.

4 Patient perspective

The patient provided informed consent for the publication of
this report.

Data availability statement

The data presented in the study are deposited in the figshare,
Doi: 10.6084/m9.figshare.25795561, https://figshare.com/articles/
journal_contribution/Case_report_Clinical_imaging_and_genetic_
characteristics_of_type_B_niemann_pick_disease_combined_with_
segawa_syndrome_diagnosed_via_dual_gene_sequencing/25795561?
file=46238359.
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of traditional Chinese Medicine. The studies were conducted in
accordance with the local legislation and institutional
requirements. The participants provided their written informed
consent to participate in this study. Written informed consent was
obtained from the individual(s) for the publication of any potentially
identifiable images or data included in this article.
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